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There are people who pass and leave their 
mark. However, there are those who go far 
beyond leaving a simple milestone—whose 
remarkable genius gives us a legacy upon 
which the future is built.

It is in this vein that we express our deep 
respect, gratitude and admiration to all those 
dedicated pioneers who have studied 
phlebotomines. This book is founded on their 
publications, especially those of Brazil’s 
entomological icons Leônidas de Mello 
Deane, Oswaldo Paulo Forattini, Amilcar 
Viana-Martins, Alda Lima Falcão, Otávio 
Mangabeira Filho, Reinaldo Maurício 
Golbert Damasceno and Mauro Pereira 
Barretto.
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Foreword

Entomology, the branch of zoology concerned with the study of insects, was not 
considered a science until the nineteenth century, when the first entomological 
encyclopedia, Introduction to Entomology (1856), was published by the British 
entomologists William Kirby, widely considered the founder of entomology, and his 
colleague William Spence. Arthropods are the cornerstone in the transmission of a 
significant number of diseases of concern in public health and veterinary medicine, 
among them leishmaniasis, and its sand fly vectors are of outstanding importance.

The earliest fossil specimens of sand flies are found in amber from the Lower 
Cretaceous (135–120 million years). They closely resemble some current species 
belonging to the Hertigiini tribe, which contains some of the most primitive sand fly 
species. This means that sand flies most probably existed at the end of the Jurassic 
period 140–135 million years ago, and that the subfamily Phlebotominae possibly 
appeared before the formation of the Atlantic Ocean 190 million years ago. This is 
particularly important when considering their evolution and the parasites they 
transmit.

When in 1691 the Italian naturalist Philippo Bonanni published the first known 
description of a sand fly in his Micrographia Curiosa, which he called “Culex mini-
mus”, he could never have imagined the extraordinary importance that these small 
Diptera would have a couple of centuries later. Sand flies are Nematocera dipterans 
of great medical and veterinary importance because of the hematophagic habits of 
the females that are the invertebrate hosts—vectors—of several pathogens (bacteria, 
parasites and viruses) that infect humans and animals. Among these pathogens are 
Leishmania species that have caused visceral, cutaneous and mucocutaneous leish-
maniasis in humans in 98 countries around the world.

The oldest description of cutaneous leishmaniasis is thought to be that which has 
been translated from a clay tablet in the library of the Assyrian king Ashurbanipal in 
Nineveh (today Mosul, Iraq) written two or three millenniums BC in Acadian lan-
guage. The natural history of cutaneous leishmaniasis was described by Avicenna 
(980–1037) and Gorgani (1042–1136; Jorjani, Iran), who named it “pashé gazide-
gui” or “bitten by a mosquito”, anticipating by centuries the role that insects play in 
transmitting diseases as shown by both Patrick Manson and Carlos Finlay at the end 
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of the 1800s. We found a very intriguing painting by the Spanish bishop Martinez 
de Compañón from the1800s showing a Peruvian criollo with skin ulcers on the leg 
and left cheek and a destroyed nose, a typical sign of mucocutaneous leishmaniasis. 
Besides its graphic value, it is fascinating that there is an association between the 
disease and being bitten, represented by a small bird and a stick-insect on the ulcers.

Leishman, Donovan, Wright, Lindenberg and Carini independently identified the 
parasite causing leishmaniasis, which in 1903 was given the generic name 
Leishmania by Ronald Ross. Paul Ehrlich was the first person to use heavy metals, 
such as sodium antimony tartrate, to treat human African trypanosomiasis and syph-
ilis; it was first used for cutaneous and mucocutaneous leishmaniasis in Brazil by 
Vianna and was later used in Italy for visceral leishmaniasis. In the 1920s, 
Marzinovsky and Schurenkowa infected volunteers and proved the pathogenicity of 
Leishmania. Finally, in 1928 Major H.E. Shortt infected sand flies by feeding them 
on a case of post-kala-azar dermal leishmaniasis from Assam, India.

The oldest records of cutaneous and mucocutaneous leishmaniasis in America 
are numerous pre-Inca (around 1400s) pottery representations in Peru and Ecuador, 
named “huacos”. The accuracy of these representations is simply shocking. 
Conclusive proof has been found in macrophages parasitized with Leishmania after 
immunohistological examinations of the mummy of a 6-year-old girl dated 800 BC, 
proving that leishmaniasis existed before the arrival of Europeans in America. In 
fact, all of the parasites that cause cutaneous and mucocutaneous leishmaniasis 
existed before man’s presence in the Americas; they are therefore zoonotic diseases 
that depend on contact with environments in which there are enzootic cycles, and 
thus infected sand flies. However, Leishmania infantum, which causes visceral 
leishmaniasis, was imported with infected dogs during the Spanish and Portuguese 
colonization of America in the 1700s. Its primary vector is now the permissive vec-
tor (transmitting different Leishmania) Lutzomyia longipalpis, described by Lutz 
and Neiva in 1912. It is certainly the best studied sand fly species in the Neotropical 
region because, among other things, its pervasive nature means this potentially fatal 
disease has become endemic throughout South and Central America in a very short 
period of time. The first autochthonous case of visceral leishmaniasis in South 
America was reported in 1913 by Migone in Paraguay, but it probably became 
endemic long before this.

To date, around 1000 sand fly species have been identified throughout the world 
and more than 500 of these are found in the Neotropical region, approximately 20 
species of which are considered proven vectors of leishmaniasis in the Americas. 
The abundance of sand fly species in the Americas still represent a fascinating chal-
lenge for entomologists today.

Great advances have been made in our comprehension of arthropod-borne dis-
eases since late1900s. An accurate understanding of the insects involved in the 
transmission of these diseases is an essential key to designing and implementing 
control programs. However, in the case of the leishmaniases there are still funda-
mental epidemiological knowledge gaps related to transmission, which impedes the 
design of adequate control programs or may lead to their failure. For instance, in the 
1970s it was wrongly assumed that the malaria control campaign in India would be 

Foreword



ix

sufficient to eliminate leishmaniasis as a collateral benefit. Its failure alone empha-
sizes that there is no doubt that the study of sand flies is a discipline in its own right. 
The accurate identification of sand fly species and complexes of species, exhaustive 
studies of their biology associated with changes in the environment in which they 
occur, precise knowledge of the mechanisms regulating the intra-vectorial develop-
ment of Leishmania, as well as transmission, and the eco-epidemiological factors 
that influence the transmission are key factors to defining control programs. The 
dynamics of sand fly biology are also intimately linked to research on domestic and 
wild reservoirs that assess synanthropy between sylvatic and domestic cycles.

The book that, dear reader, is in your hands today is a precious jewel of knowl-
edge, reflecting decades of passion for fieldwork and meticulous effort in the labora-
tory by the authors. Eleven chapters navigate the importance of sand flies in the New 
World, with emphasis on Brazil, from biology to control. This is a book of para-
mount importance in that it takes a modern approach to the control of leishmania-
sis—a public health problem affecting the poorest among the poor in our 
societies—and is a solid piece of knowledge allowing Latin American scientists to 
accentuate their knowledge of the fascinating natural history of a unique disease by 
understanding the biology of its vector better.

Jorge Alvar
Head of the Leishmaniasis Program
Drugs for Negleted Diseases Initiative
Geneva, Switzerland
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Preface

Since the publication of Flebotomíneos do Brasil in 2003, we have unfortunately 
lost some eminent scientists who contributed enormously to our present understand-
ing of this fascinating and diverse group of insects in Brazil. We have included ref-
erences to their obituaries at the end of this preface. We had the good fortune to 
know all of them personally and over the years each one of them became a cherished 
friend. Because of this it is emotionally difficult to write about them as memories 
flood in, bringing them back to life.

Our first loss was Adelson de Souza (Adelson Alcimar Almeida de Souza, 1942–
2010). He took over Wellcome Parasitology Unit’s sand fly laboratory in the Instituto 
Evandro Chagas’s from Lee Ryan, who was the last permanent expatriate entomolo-
gist funded by the Wellcome Trust. Amongst Adelson’s specialties were football 
and field work, both of which he took very seriously. With his field team he under-
took extensive work throughout Amazonia and isolated many trypanosomatids. 
These cultures are a treasure to us all and studying them has opened many new 
avenues showing how important sand flies are as vectors of trypanosomatids of dif-
ferent vertebrate phyla. Seven years after his death his field collections have led to 
publications thanks to the efforts of Thiago Vasconcelos dos Santos. He was always 
good humored, which made field trips with him so enjoyable.

Italo Sherlock (Italo Rodrigues de Araujo Sherlock, 1936–2009) began his scien-
tific career at the age of 14 with Maria and Leonidas Deane when they were working 
on visceral leishmaniasis in Sobral, Ceará State. They immediately recognized his 
intelligence and aptitude for entomology. He went with them when they returned to 
São Paulo, and Leonidas managed to get him enrolled in an entomology course even 
though he was underage for it. He moved to Rio de Janeiro and while visiting the 
Instituto Oswaldo Cruz he met Otávio Mangabeira Filho who invited him to go with 
him to Bahia, which became his home for the rest of his life. Even though he quali-
fied as an ear nose and throat specialist he never abandoned entomology. He 
described many sand fly species and his work on the reservoirs and the vector of 
visceral leishmaniasis in Bahia remains a reference for us all. Italo’s generous 
nature was much appreciated by those who knew him.
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Bob Killick-Kendrick (Robert René Killick-Kendrick, 1929–2011) was known 
worldwide for his expertise on sand fly biology. He studied them in many parts of 
the world, especially in the Mediterranean region but also in Brazil. He was very 
influential in promoting the use of insecticide-impregnated collars for the control of 
canine visceral leishmaniasis, which is one of the most effective control measures. 
Bob first visited Brazil in 1976 and accompanied us on a field trip to collect infected 
sand flies in the Serra das Carajás, notorious as being highly endemic for L. (Viannia) 
braziliensis. His objective was to take back some infected flies, but besides this he 
took back his own strain as he became infected during the field work. He realized 
the potential of Lutzomyia longipalpis as a laboratory model and established the 
first colony of this species outside Brazil from eggs of Lapinha Cave flies. Bob had 
a warm and generous personality and always emphasized the crucial importance of 
well-planned field work, which he himself followed throughout his life.

Almério Gomes (Almério de Castro Gomes, 1942–2012) began his research 
career studying sand flies as a student under the guidance of Osvaldo Paulo Forattini. 
Almério’s enthusiasm during his lectures was infectious, as was his passion for 
perfection. His good humor was always appreciated when discussions at meetings 
became heated. He produced many papers on the ecology of São Paulo State’s sand 
fly fauna that evolved into the creation of technical guidelines for the control of 
cutaneous and visceral leishmaniasis. He was dedicated to promoting vector control 
and moved from studying sand flies to Aedes aegypti as Brazil’s dengue epidemic 
expanded. Almério became a respected expert and consultant on the control of den-
gue fever, travelling extensively as an advisor throughout Latin America.

Alexandre Peixoto (Alexandre Afranio Peixoto, 1963–2013) was a brilliant young 
evolutionary geneticist who died tragically in a rafting accident. He was renowned for 
his easy-going nature, his generosity and was admired by his students. His application 
of the genetic analytical methods developed for Drosophila revolutionized our under-
standing of the speciation within the Lutzomyia longipalpis complex. He and his 
group, based in the Instituto Oswaldo Cruz, found that the male’s courtship song 
showed the greatest variation between different geographical populations, suggesting 
that it potentially identified incipient species. Subsequent analysis was extended to 21 
nuclear genes. Over a period of 6 years, his group and that of Richard Ward produced 
eight articles on the genetics of the Lu. longipalpis complex.

Richard Ward (Richard Douglas Ward, 1944–2015) began his entomological 
career working as a volunteer on the control of Culicoides in the Caribbean Cayman 
Islands, where he met his wife Mary. He returned briefly to England and came to 
Brazil in 1970, working at the Instituto Evandro Chagas’s Wellcome Parasitology 
Unit. He left 7 years later to take up a post as reader at Liverpool University but 
returned to Brazil many times during collaborative research projects on Lutzomyia 
longipalpis. His hallmark was finding practical solutions. He successfully colonized 
Lu. longipalpis in the early 1970s using females captured in Ceará and developed a 
simple artificial feeding method that led to the first successful transmission of vis-
ceral leishmaniasis by this sand fly. Richard’s fascination by the one and two spots 
of the male Lu. longipalpis opened the door to its genetic complexity. Later he 
championed the use of pheromones in control strategies. Richard was very gener-
ous, good-humored and well-known for caring about and helping his students.

Preface
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María Cristina Ferro de Carrasquilla (1947–2015) was born in Ipiales, Colombia 
and went to school in Madrid, Spain. She graduated in Microbiology from the Los 
Andes University in Colombia in 1969. As a child she was passionately interested in 
insects, a passion that continued throughout her life. After gaining her MSc at the 
London School of Hygiene and Tropical Medicine she returned in 1976 to join the 
entomology laboratory of the Colombia’s National Health Institute in Bogota. This is 
when she began her lifelong study of sand flies, and she became the laboratory’s 
leader in 1994. Her research on sand flies spans from discovering new species and 
evaluating vectorial capacity to studying the environmental and ecological variations 
affecting their biology, all of which are crucial in understanding the epidemiology of 
leishmaniasis in Colombia and its neighbors. The scope of her work extended to other 
insect groups of medical importance, especially mosquitoes involved in the transmis-
sion of Venezuelan Equine Encephalitis and yellow fever. Maria Cristina loved her 
work and was loved and respected by those who worked with her.

Bruce Alexander (John Bruce Alexander Flynn, 1956–2016) was born and died 
in Edinburgh, Scotland. He gained his MSc under Bob Killick-Kendrick and his 
PhD studying sand flies in Colombia at Florida University with David Young. A 
full-blown sand fly pedigree. Between 1986 and 2000 he worked in Minas Gerais, 
initially at the Federal University and latterly in FIOCRUZ’s René Rachou Research 
Institute in Belo Horizonte. He returned to Liverpool’s School of Tropical Medicine 
in 2005 where he became involved in relating sand fly distribution to plants and 
chickens and their resistance to insecticides. In Australia he was involved in impli-
cating midges as vectors of the kangaroo leishmania. With his wife Cristina, Bruce 
established Xeroshield, which aimed at finding practical solutions for insect control. 
Bruce had a dry sense of humor and was renowned for his passionate and argumen-
tative nature in discussions. He was also an enthusiastic amateur ornithologist and a 
gifted artist. His exceptional enthusiasm is reflected by the fact that, even though he 
was seriously ill, he left Edinburgh to give a talk in Liverpool days before his death.

Dora Feliciangeli (Maria Dora Feliciangeli de Piñero, 1940–2017) was born in 
Borgomanero in Novara, Northern Italy and was one of Venezuela’s most notable 
medical entomologists who carried the flag of medical entomology wherever it was 
needed, which thankfully included leishmaniasis. She was an enthusiastic teacher 
and tireless researcher who coordinated many programs of great public health 
importance. Her participation in the study of canine visceral leishmanias on the 
island of Margarita resulted in reducing the disease’s incidence. Her extensive stud-
ies on sand fly biology helped to understand the complexity and many epidemio-
logical facets of leishmaniasis in Venezuela. Dora’s attention to detail and scientific 
courage are exemplified by her recognition of a new species of the longipalpis com-
plex, which she described and named Lutzomyia pseudolongipalpis, with her stu-
dent and long-term collaborator Jazzmin Arrivillaga.

Ralph Lainson (1927–2015) the editor of this book’s 2003 edition along with 
Elizabeth Rangel. After a short illness he passed away in Belém, Pará State at the 
age 88, but his scientific legacy lives on as one of world’s outstanding parasitolo-
gists. His enthusiasm continued right up until his death—a hallmark of this remark-
able scientist whose academic interests spanned many groups of parasitic protozoa 
and their vectors. He impressed people by his simplicity, good humor and generous 
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nature, but this masked a shrewd, focused intelligence that was the secret of his suc-
cess. Entomology was the special subject of his bachelor’s degree, which he obtained 
from Brighton Technical College in 1951 (now Sussex University). Although the 
major passion of his professional life was parasitic protozoa he was an enthusiastic 
amateur lepidopterist. However, the vectors of many parasitic protozoa are insects, 
so they became as important to him as the parasite For a very simple reason: he 
wanted to untangle the parasite’s life cycle, which is impossible without studying its 
vector(s). Sand flies were no exception. He was never the lead investigator of proj-
ects involving sand fly biology, but he gave them his full support, which is reflected 
by the four entomologists who worked under his leadership in the Wellcome 
Parasitology Unit. This, however, was not the case when the parasite was involved. 
He spearheaded the experiments that led to the first experimental transmission of 
Leishmania infantum by Lu. longipalpis. In addition, he used sand flies to compare 
the development of different Leishmania species, which led to taxonomic revisions 
of the genus Leishmania that culminated in the creation of the genus L. (Viannia). 
His enthusiasm led to discovery of the epidemiological importance of many sand fly 
species in Amazonia.

For reasons beyond our control there has previously never been an English ver-
sion of Flebotomíneos do Brasil. At the time of its publication Ralph was disap-
pointed by this, so we are very happy that thanks to the interest of our publisher, 
Springer, a completely updated English version is now available.
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Sand Flies: Medical Importance

Wagner Alexandre Costa and Nataly A. Souza

Phlebotomine sand flies (Diptera, Psychodidae, Phlebotominae) are small Diptera 
that appeared in the Cretaceous, approximately 120–135 million years ago (Hennig 
1972; Azar et al. 1999); they represent a group of approximately 1000 known spe-
cies around the world, of which 530 were found in the Americas (Shimabukuro 
et  al. 2017). They carry trypanosomatid protozoans, including species from the 
Leishmania genus. These can affect human health, contaminate domestic animals, 
and make wild mammals into reservoirs for infectious diseases (Shaw et al. 2003; 
Brazil and Brazil 2014). It is estimated that 98 species of phlebotomine sand flies 
are possible natural vectors of Leishmania spp. (Killick-Kendrick 1999; Galati 
2003; WHO 2010a). This is due to specific characteristics of their biology such as 
anthropophilia; being naturally infected by the same Leishmania that circulates 
among humans; and their spatial distribution, which coincides with likely places of 
infection.

These Diptera are holometabolous insects. The adult forms are considered to be 
cryptozoans because of their thin integument (exoskeleton) and their being extremely 
sensitive to variations in temperature and humidity. Natural shelters for adults 
include hollow spaces in tree trunks, fallen leaves, grottos or animal holes, and large 
treetops. In environments with human occupation or interference, artificial shelters 
include shaded and humid areas, other than domestic animals shelters such as hen 
houses, pigsties, and barns. The interior of houses can also be cited here (Aguiar 
et  al. 1987; Killick-Kendrick 1999; Brazil and Brazil 2003). Immature phleboto-
mine forms develop in decomposing organic matter, particularly vegetable matter.

Both males and females feed on carbohydrates, especially aphids’ nectar and 
secretions. They normally leave their natural shelters to feed at night and/or at dusk. 
Hematophagic activity, however, may take place throughout the night period, from 

W. A. Costa (*) · N. A. Souza 
Instituto Oswaldo Cruz, Fundação Oswaldo Cruz, Rio de Janeiro, Brazil
e-mail: wagnerac@ioc.fiocruz.br

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-319-75544-1_1&domain=pdf
mailto:wagnerac@ioc.fiocruz.br


2

dusk to dawn. Only females are hematophagous, a required condition for their 
ovaries to mature. Because of their feeding habits, females are infected when they 
bite Leishmania spp. reservoirs and may later transmit infectious forms of the disease 
by biting humans and other mammals (Ministério da Saúde do Brasil 2017; Brazil 
and Brazil 2003).

In Brazil, as in the whole Every American, South, Central and North Continent, 
the species of phlebotomines that are responsible for spreading Leishmania spp. 
belong to the following genera: Bichromomyia, Lutzomyia, Migonemyia, Nyssomyia, 
Pintomyia, Psychodopygus and Trichophoromyia (Galati 2003; Marcondes 2007).

Current policies in Brazil establish that the control of leishmaniasis is the respon-
sibility of the country’s public health system (Sistema Único de Saúde [SUS]). 
According to the Health Surveillance Department’s ‘National Program of 
Leishmaniasis’, Municipal Health Secretariats supported by State Health Secretariats 
are responsible for organizing the basic network of patient care and for implementing 
actions to combat the disease’s vector (Ministério da Saúde do Brasil 2014, 2017).

The success of vector surveillance and control actions for leishmaniasis as 
planned by the Ministry of Health remains a great challenge in Brazil. These are 
illnesses with a complex eco-epidemiology, with different transmission cycles, 
unique links in their epidemiological chain and which can occur in various Brazilian 
biomes.

Considering this context and the diversity of Leishmania spp. vectors, entomo-
logic surveillance will still need to collect more precise data on phlebotomine sand 
flies, including information for their correct identification and on their incidence in 
likely places of infection. Regarding incidence, both home and wild environments 
should be considered in order to obtain a full understanding of the local epidemiol-
ogy. Another relevant factor to take into account is behavioral change in local vec-
tors provoked by environmental changes. Important gaps in knowledge on 
phlebotomine vectors still exist, and they need to be addressed.

 Leishmaniasis

Leishmaniasis is among the diseases with a higher impact on human health. 
Contributing to this scenario are environmental changes, which can be related to 
global climatic changes and impact on specific ecosystems. This context, however, 
becomes more complex as alterations in the environment can also be aggravated by 
the socioeconomic and living conditions of populations in risk areas for leishmani-
asis. These conditions are important determinants in the process of disease trans-
mission (Ministério da Saúde do Brasil 2017; Rangel et al. 2014).

The different forms of leishmaniasis are distributed worldwide, with an esti-
mated 350 million people living in endemic regions. These illnesses are among the 
six most important infectious diseases in the world, which can be explained by their 
high detection coefficient, high number of related deaths and deformities, as well as 
their presence in 98 countries. Approximately 15 million people around the world 
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are infected by leishmaniasis and endemic areas include the Americas, Africa, Asia 
and Southern Europe (Desjeux 2004; Malafaia 2009; WHO 2010a; Alvar et  al. 
2012; Ministério da Saúde do Brasil 2014, 2017).

Approximately 1.6 million new cases of these diseases are estimated to emerge 
each year, of which 500,000 are visceral leishmaniosis and 1.1 million are cutane-
ous or mucocutaneous leishmaniasis. Ninety percent of the cases of visceral leish-
maniosis are concentrated in Bangladesh, Brazil, Ethiopia, India, Nepal and Sudan, 
90% of the cases of cutaneous leishmaniosis can be found in Afghanistan, Saudi 
Arabia, Algeria, Brazil, Iran, Peru, Syria and Sudan, and 90% of the mucocutaneous 
cases are from Bolivia, Brazil and Peru. Only 600,000 of this total estimated num-
ber of 1.6 million cases are reported (Alvar et al. 2012; WHO 2010a). Every year, 
500,000 new cases of leishmaniasis emerge, 60,000 related deaths occur and 200 
million individuals are found to be at risk of developing the disease. Thus, the actual 
global leishmaniasis-related mortality is likely to be even higher than this estimate 
(de Oliveira et al. 2012).

Leishmaniasis presents a range of clinical manifestations, which are associated 
with infection from different types of Leishmania. In the Americas, they are distrib-
uted from the southern United States to the north of Argentina (Ministério da Saúde 
do Brasil 2014, 2017; WHO 2010a).

In Latin America, the disease has been described in at least 12 countries, although 
90% of the cases are concentrated in Brazil. These cases generally occur in rural and 
peri-urban areas, commonly affected by elements of vulnerability, such as lack of 
basic sanitation services and garbage collection. These factors feed upon them-
selves, and generate a poverty–disease cycle (Alvar et al. 2012; WHO 2010a).

In Brazil, the leishmaniases are considered emerging endemic diseases in clear 
territorial expansion. They are included in the Ministry of Health’s “System of 
Diseases with Compulsory Notification” and cases have been reported in all states of 
the country. Brazil is considered to have the biggest prevalence of leishmaniasis in the 
Americas, both for visceral and cutaneous forms (Ministério da Saúde do Brasil 
2014, 2017; WHO 2010a). The importance of the national public health context for 
the spread of these diseases has increased significantly over recent years. This is 
mainly due to urbanization processes and to changes in the natural habitats of the 
species involved in the transmission cycle of leishmaniasis. The scenario for these 
illnesses in Brazil is therefore complex, and difficulties related to their control and the 
elimination of risk factors should always be taken into account (Toledo et al. 2017).

Migration flows should also be considered as an important social component 
influencing on the epidemiology of leishmaniasis. These phenomena have been 
observed in the north-east, center-east, south-east and south regions of the country, 
including cases of in-house transmission and cases in urban environments (Rangel 
1995; Rangel and Lainson 2009; WHO 2010a).

American cutaneous leishmaniasis (ACL) is associated with a range of dermo-
tropic leishmania (of the sub-genera Leishmania and Viannia) and manifests itself 
clinically through localized skin lesions, multiple lesions, cutaneous–mucosal and 
cutaneous–diffuse lesions. The latter tends to be very aggressive and it mainly develops 
in immunosuppressed patients (Ministério da Saúde do Brasil 2017; WHO 2010a). 
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Combined infection by Leishmania and HIV is an emerging problem that requires 
urgent attention (Lainson and Shaw 1972; Silveira et al. 1987; Lainson and Shaw 
1989; Grimaldi et al. 1989; Lainson et al. 1994; WHO 2010a).

Throughout several regions in Brazil, the transmission of ACL occurs in defor-
ested areas (Ministério da Saúde do Brasil 2017). This has mainly been concen-
trated in sites where houses are close to secondary forests (Lima et al. 1988; Sabroza 
1981).

In the case of American visceral leishmaniasis (AVL), the parasite mainly devel-
ops in cells of the mononuclear phagocytic systems of the spleen, liver, bone mar-
row and lymphoid tissues. If the disease is not treated, it may lead to death (WHO 
2010a), with cases concentrated in Venezuela, Bolivia and Brazil (Ministério da 
Saúde do Brasil 2014).

This disease has moved from being endemic in exclusively rural areas to, in 
recent decades, important numbers of AVL being recorded in urban sites, including 
state capitals, and both large- and medium-sized cities (Ministério da Saúde do 
Brasil 2014; Vilela et al. 2014; WHO 2010a). Today, the main challenge to fighting 
AVL lies precisely in the urbanization of its main vector: Lutzomyia longipalpis.

 Leishmaniases as Neglected Diseases

Neglected diseases affect the lives of 1 billion people around the world and threaten 
the health of millions of others. They generate a substantial burden in terms of 
health, economic and social conditions. Neglected diseases represent a group of old 
illnesses that have afflicted humanity for centuries which proliferate in impover-
ished environments within tropical areas of the world. In many cases, these diseases 
remain hidden, concentrated in remote rural environments, but also in urban com-
munities (Araújo-Jorge et al. 2014).

As a part of the group of neglected diseases, not only do leishmaniases prevail in 
contexts affected by poverty, but they also contribute to maintaining inequalities. A 
notable geographic spread of these diseases can be observed, which is related to 
numerous environmental, social, political and historic conditions. With these 
changes, the relationship between the components of the diseases’ transmission 
chain in urban environments has become much more complex (WHO 2010b; 
Ministério da Saúde do Brasil 2014, 2017; Rangel et al. 2014).

Due to global climatic and environmental changes, uncertainties regarding nature 
and its impact on the scale of local ecosystems add to the complexities of the new 
reality of urban Brazil. In that sense, new barriers to fighting leishmaniasis appear 
(Costa 2016).

Considering the epidemiologic scenario for these diseases, vector control 
through an integrated program—one that contemplates the interface between health 
and the environment—should be a priority measure. A program with this approach 
would focus on local communities’ quality of life, aiming to mitigate social 
inequalities.
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This approach to vector control—where epidemiologic surveillance can subsi-
dize more targeted action—requires rational decision-making processes that opti-
mize the use of available resources. These actions should be undertaken under the 
perspective of public health, using integrated interventions that are based on disease 
control tools, aiming to prevent mortality, reduce morbidity and interrupt the 
transmission cycle of the disease (WHO 2010b).

 Bartonellosis

Bartonellosis, which has not yet been reported in Brazil, and is largely unknown by 
Brazilian health professionals, is also transmitted by phlebotomine sand flies. 
However, it has been observed near the Brazilian border and its impact might be 
aggravated by the development model adopted in the Amazon forest. The infection 
is caused by the bacteria Bartonella bacilliformis, the only known vectors of which 
are phlebotomines from the Lutzomyia genus (Alexander 1995). Townsend (1913, 
1914) was the first to suggest that phlebotomines could act as vectors for B. bacil-
liformis, based on evidence derived from the presence of phlebotomine sand flies 
in areas where the disease occurred. Also known as “Carrion disease”, Bartonellosis 
was originally observed in the inter-Andian valleys of Peru, Colombia and Ecuador. 
The following species of phlebotomines are suggested as potential vectors: 
Lutzomyia (Helcocyrtomyia) peruensis, Pintomyia (Pifanomyia) columbiana and 
Pi. (Pif.) verrucarum (Sherlock 1962; Vargas and Perez 1985; Gray et al. 1990; 
Galati 2003; Marcondes 2007).

Studies have presented evidence that Pi. verrucarum is the most likely vector of 
B. bacilliformis in the Rimac Valley in Peru, although there are other species of 
anthropophilic phlebotomine sand flies in the area, such as Lu. noguchii and Lu. 
peruensis, which could also be involved in the local epidemiology.

Pi. verrucarum does not seem to exist in Ecuador and the identification of a pos-
sible vector is still pending (Alexander et al. 1992; Young and Duncan 1994; Maroli 
et al. 2013).

The most likely vector in Colombia is Pi. columbiana, which is intimately related 
to Pi. verrucarum. This species is highly anthropophilic and can be found in all 
areas of Colombia in which Bartonellosis outbreaks have occurred (Gamarra 1964). 
Outbreaks continue to be notified in areas in which B. bacilliformis, and not Lu. 
Verrucarum, is endemic. This leads to the conclusion that other phlebotomines, or 
even other arthropods, might be acting as vectors in this coastal region (Alexander 
1995; Maroli et al. 2013).

The possibility of Bartonellosis entering Brazil through the Amazon forest raises 
many concerns. The spread of the disease could be accelerated by the process of 
increased anthropic action that is occurring in the region. The south-western portion 
of the Brazilian Amazon possesses favorable conditions for the emergence of 
Bartonellosis, with environmental changes and migration flows affecting the region 
(http://www.pragas.com.br/noticias/destaques/infeccao_bacteriana.php). Due to 
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environmental impact, some species of phlebotomine sand flies from Brazil could 
become apt to transmission.

For a better understanding of the epidemiology of Bartonellosis, it is essential to 
improve surveillance of this disease in countries that share a border with Brazil. 
Because Bartonellosis is directly related to deforestation and migration, the surveil-
lance tools used need to be the most precise available, such as modelling for 
complex systems in which phlebotomine sand flies and possible reservoirs are 
included, and the environment being seen as a socio-natural, dynamic and complex 
element. The results of these studies may point to possible phlebotomine vectors, as 
well as assisting in strategic planning for border surveillance.
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• Species

 – Edentomyia piauiensis

• HERTIGIINA

 – Warileya
 – Hertigia

• BRUMPTOMYIINA

 – Brumptomyia
 – Oligodontomyia

• SERGENTOMYIINA

 – Deanemyia
 – Micropygomyia

• (Silvamyia)
• (Sauromyia)

 – Atroclavata Series
 – Oswaldoi Series

• (Coquillettimyia)

 – Chiapanensis Series
 – Vexator Series

• (Micropygomyia)

 – Cayennensis Series
 – Pilosa Series

• Incertae Sedis

 – Micropygomyia xerophila

• LUTZOMYIINA

 – Sciopemyia
 – Lutzomyia

• (Helcocyrtomyia): series

 – Osornoi Series
 – Peruensis Series
 – Sanguinaria Series

• (Castromyia)
• (Lutzomyia)
• (Tricholateralis)
• Incertae Sedis

E. A. B. Galati
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 – Lutzomyia chotensis
 – Lutzomyia ignacioi
 – Lutzomyia manciola
 – Lutzomyia ponsi
 – Lutzomyia tanyopsis

 – Migonemyia

• (Migonemyia)
• (Blancasmyia)

 – Pintomyia

• Isolated Species: Pintomyia (Pifanomyia) nuneztovari
• Isolated Species: Pintomyia (Pifanomyia) diamantinensis
• (Pintomyia)
• (Pifanomyia)

 – Evansi Series
 – Monticola Series
 – Pacae Series
 – Pia Series
 – Serrana Series
 – Townsendi Series

• Verrucarum Series
• Incertae Sedis

 – Pintomyia diamantinensis
 – Pintomyia maracayensis
 – Pintomyia nuneztovari
 – Pintomyia rangeliana
 – Pintomyia sp. de Anchicaya
 – Pintomyia naiffi

 – Dampfomyia

• (Dampfomyia)
• Grupo Delpozoi
• (Coromyia)
• Incertae Sedis

 – Dampfomyia caminoi

 – Expapillata
 – Pressatia
 – Trichopygomyia
 – Evandromyia

• (Aldamyia)
• (Evandromyia)
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 – Infraspinosa Series
 – Rupicola Series
 – Saulensis Series

• (Barrettomyia)

 – Cortelezzii Series
 – Monstruosa Series
 – Tupynambai Series

• Insertae Sedis

 – Evandromyia edwardsi

• PSYCHODOPYGINA

 – Psathyromyia

• (Forattiniella)
• (Xiphopsathyromyia)
• (Psathyromyia)

 – Lanei Series
 – Shannoni Series

• Incertae Sedis

 – Psathyromyia maya
 – Psathyromyia pifanoi

 – Viannamyia
 – Martinsmyia

• Alphabetica Group
• Gasparviannai Group

 – Bichromomyia
 – Psychodopygus: Series: males

• Arthuri Series
• Bispinosus Series
• Chagasi Series
• Davisi Series
• Guyanensis Series
• Panamensis Series
• Series: females

 – Nyssomyia
 – Trichophoromyia

• References
• Acknowledgments
• Systematics Indices of valid taxa of Phlebotominae:
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 – Species of the Americas
 – Tribes
 – Subtribes
 – Genera
 – Subgenera of the Americas
 – Groups of species of the Americas
 – Series of species of the Americas

• Indices of Synonyms junior:

 – Species of the Americas
 – TribeGenera of the Americas
 – Genera of Americas
 – Subgenera of the Americas

 Classification of Phlebotominae

The development of our knowledge of the evolution of organisms has been highly 
dynamic and has led to alterations in the systematics and consequently in the tax-
onomy of living beings. These alterations certainly cause problems for beginners in 
the field or those who are dedicated to other branches of science and need this 
knowledge, especially when the modifications made take place at the genus level, 
because they imply changes in the nomenclature of the species (Lewis et al. 1977; 
Artemiev 1991). However, this is an inevitable aspect of science that serves as a 
stimulus in the search for a system that will truly reflect the affinities among the taxa 
and contribute to the understanding of the relationship between organisms, which is 
especially important in the case of vectors and parasites. Thus, we judged it oppor-
tune to present a historical sketch of the classification of the Phlebotominae in order 
to provide the basic elements for those who have to deal with changes of 
nomenclature.

Barretto (1961) and Duckhouse (1973), in their systematic studies of the 
American subfamilies and genera, presented revisions of Psychodidae. Lewis et al. 
(1977) also greatly developed this theme, including a bibliography of the 18th and 
19th centuries, of difficult access in approaching the question of the priority of the 
name Psychodidae or Phlebotomidae raised by Abonnenc and Leger (1976a). They 
concluded that the former has priority, as it was used by Newman (1834) as 
Psychodites. The principal aspects of these revisions and other more recent ones 
that relate to Phlebotominae, mainly those of the Americas, are presented below.

Bibio papatasi Scopoli, 1786, was the first Psychodidae species based on a 
female from the Lombardy region of northern Italy. Scopoli maintained the sec-
ond name of the species by which the insect was popularly known (Scopoli 1786; 
Grassi 1907).

Psychoda Latreille, 1796, was the first genus of Psychodidae described, without 
designation of the type species, though compared with B. papatasi.
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Rondani (1840) proposed the genus Flebotomus, with the type species F. papatasi 
(Scopoli, 1786), and placed it in the tribe that he called Flebotomidae, in the 
Flebotominae family. Rondani (1843) included the family Flebotominae in the tribe 
Tipulidae and described Hebotomus minutus (probable typographical error for 
Flebotomus). Agassiz (1846) in the “Nomenclatoris Zoologici Index Universalis” 
amended Flebotomus to Phlebotomus.

Bigot (1854) first included Phloebotomus (sic), Psychoda, Nemapalpus 
Macquart, 1838, Trichomyia Haliday, 1839, and the fossil genus Posthon Loew, 
1845, in Psychodidae.

Coquillett (1907) described the first American sandflies, Flebotomus vexator and 
F. cruciatus, and disagreed with the change of name to Phlebotomus.

Newstead (1911) proposed the first division of the Phlebotomus, using the setae 
that covered the abdomen as differential characteristics. In 1914, he suggested a 
division based on the characteristics of the male genitalia as well as the wing vein 
pattern, palpal and antennal formula.

França (1919) studied the morphology of the male genitalia in detail and sug-
gested several ratios for phlebotomine identification; he proposed the first divi-
sion of the European and African species of Phlebotomus into two subgenera, 
Phlebotomus, s. str. and Newsteadia (without type species designation), with the 
inclusion of the species P. sergenti Parrot, 1913; P. ingrami Newstead, 1914; P. 
minutus; P. simillimus Newstead, 1914; P. perniciosus Newstead, 1911; and P. 
mascittii Grassi, 1908.

França and Parrot (1920) maintained the above division. They replaced the name 
Newsteadia – already in use – by Sergentomyia (still without type species designa-
tion) and presented the diagnosis of both the subgenera on the basis of the male 
genitalia and commented on the existence of an intermediate group – which could 
include P. malabaricus Annandale, 1910 – between the two, forming a third subgenus, 
Neophlebotomus.

França (1920) reviewed the three Brazilian species described by Lutz and Neiva 
(1912)  – P. longipalpis, P. intermedius and P. squamiventris  – and described P. 
migonei França, 1920, from Paraguay. He commented that among known American 
species, the palpal formula with the fifth segment shorter than the third had not been 
observed among Old World species. Further, of those with the fifth palpal segment 
longer than the third, P. longipalpis was the most interesting species, because its 
palpal formula was similar to that of P. papatasi; however, its genitalia are com-
pletely different from those of the other species of the genus Phlebotomus, thus 
justifying its designation as the species-type of a new subgenus Lutzia França, 1920. 
Then beyond this subgenus, he adopted the two others he had previously proposed 
in 1919, Phlebotomus s. str. and Newsteadia França, 1919, as members of the genus 
Phlebotomus; however, as the name Newsteadia was already in use, he changed it to 
Sergentomyia França, 1920, and designated P. minutus Rondani, 1843, as its type 
species. The differentiation of the three subgenera was based on the male genitalia. 
He did not mention Neophlebotomus.

França and Parrot (1921), in a new classification based on the wing indices and 
male genitalia, accepted the three former subgenera and created another two, 
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Brumptomyia (without the designation of the type species), which included P. 
brumpti Larrousse, 1920, and P. vexator, New World species, and Prophlebotomus 
(without the designation of the type species) for P. perturbans Meijere, 1908, P. 
minutus, P. antennatus Newstead, 1920, and P. fallax Parrot, 1920. The American 
species described previously – with the exception of P. cruciatus, known only by the 
female – were included in Sergentomyia.

Alexander (1920) created the subfamily Bruchomyiinae for Bruchomyia, gen. n., 
with the type species Bruchomyia argentina Alexander, 1920. Edwards (1921) cre-
ated the subfamily Nemopalpinae for the genus Nemopalpus Macquart, 1838, which 
had previously been considered among the Phlebotominae. Tonnoir (1922) included 
Nemopalpus and Bruchomyia in Phlebotominae; in this Tonnoir was followed by 
Alexander (1928, 1929). This latter author, in 1940, described the genus Eutonnoiria 
(type species: Bruchomyia edwardsi Tonnoir, 1839) for Africa.

França (1924) replaced the name Lutzia, already used for Culicidae, with 
Lutzomyia. Dyar and Nunez-Tovar (1926/1927) suggested replacing Lutzia with 
Fransaia, Cordero et al. (1928), with Lutziomyia; and Strand (1932), with Lutziola.

Sinton (1928) rejected França and Parrot’s (1921) classification. He alleged that 
the basic character used, the wing index (alpha/beta), was so highly variable that 
closely related species could be classed as distinct subgenera. He separated the Old 
World species into three divisions based on Newstead’s observations, on the setae 
that covered the abdominal tergites, and on those of Adler and Theodor (1926), on 
the spermathecae. The first division included the species with erect setae and ringed 
spermathecae; the second, those with recumbent setae and smooth spermathecae; 
and the third, the intermediate species (Costa Lima 1932, Theodor 1948).

Dyar (1929), updating knowledge of the American phlebotomines, made the fol-
lowing commentary on the subdivisions proposed by França and Parrot (1920, 
1921), “While these subdivisions are not of much importance, it may be convenient 
to make use of them”. He adopted Brumptomyia (designating P. brumpti as type 
species), Lutzomyia, Neophlebotomus (he accepted P. malabaricus Annandale, 
1910, as type species, thus designated by Larrousse, 1921, in an unpublished thesis 
presented to the Paris Medical School) and proposed the creation of Shannonomyia 
(type species: P. panamensis Shannon, 1926). The American species considered 
by França and Parrot (1921) were included under Neophlebotomus. He designated 
P. minutus as the type species of Prophlebotomus França and Parrot, 1921, which 
led him necessarily to include it as synonymous with Sergentomyia.

Adler and Theodor (1929) proposed that the phlebotomines should constitute a 
family, as suggested by Walker (1851), because this was the only group whose 
females present jaws; however, Tonnoir (1933) disagreed with those authors when 
he described the genus Horaiella (type species: H. prodiginosa Tonnoir, 1933), 
whose females also have jaws as well as other characteristics that serve as links 
between the phlebotomines and other psychodides. He criticized the creation of 
monogeneric families and included the genus among the Trichomyiinae.

Nitzulescu (1931) considered that França and Parrot’s 1921 classification did not 
obey the natural division of the genus Phlebotomus. He brought together just those 
internal morphological characteristics studied by Adler and Theodor (1926, 1929) 

Phlebotominae (Diptera, Psychodidae): Classification, Morphology and Terminology…



16

and divided the genus into five subgenera: (1) Phlebotomus, s. str. and four new 
ones: (2) Larroussius (type species: P. major Annandale, 1910), (3) Adlerius (type 
species: P. chinensis Newstead, 1916), (4) Sintonius (type species: P. hospittii 
Sinton, 1924) and (5) Brumptius (type species: P. minutus) – the first three without 
cibarial armature and the last two with it, and the first four with ringed spermathecae 
and the fifth with smooth spermathecae.

Theodor (1932) subdivided the Phlebotominae into three tribes (without naming 
them), two for the Old World species and one for America. The tribes were subdi-
vided into species groups.

Costa Lima (1932) was of the same opinion as Dyar (1929) as regards placing 
Prophlebotomus as synonymous with Sergentomyia and in the revalidation of 
Neophlebotomus; in the revision of the American species he created the subgenus 
Pintomyia (type species: Phlebotomus fischeri Pinto, 1926); the others were not 
included in any other subgenus of Phlebotomus.

Mangabeira (1941a, b, c) adopted the subgenera Lutzomyia, Brumptomyia, 
Shannonomyia, Pintomyia and described three new ones, namely, Evandromyia 
(type species: Flebotomus infraspinosus Mangabeira, 1941), Psychodopygus (type 
species: F. unisetosus Mangabeira, 1941) and Viannamyia (type species: F. tubercu-
latus Mangabeira, 1941). In 1942, he further described Pressatia (type species: 
F. triacanthus Mangabeira, 1942) and Castromyia (type species: Phlebotomus cas-
troi Barretto & Coutinho, 1941).

Dampf (1944) accepted Dyar’s (1929) opinion as regards Neophlebotomus and 
included Prophlebotomus and Brumptius as synonymous with Sergentomyia. 
Concerning the American species, “Dampf appears to write as if he accepted vari-
ous previously created subgenera, among them being Brumptomyia, Shannonomyia, 
Castromyia and Pintomyia”, and expressed the opinion that the phlebotomines 
should constitute a family distinct from the psychodides (Barretto 1955).

Addis (1945) created the American subgenus Dampfomyia (type species: 
Phlebotomus anthophorus Addis, 1945).

Theodor (1948) adopted the category of subfamily for the phlebotomines and, 
fundamentally using the cibarial armature, first proposed the division of the 
Phlebotominae into four genera, namely, Phlebotomus and Sergentomyia for the 
Old World species and Brumptomyia and Lutzomyia for those of the New World. He 
considered Prophlebotomus and Neophlebotomus to be synonymous with 
Sergentomyia.

Hertig (1948) described the genus Warileya (type species: W. phlebotomanica 
Hertig, 1948) and Fairchild (1949) Hertigia (type species: H. hertigi, Fairchild, 
1949), both of the neotropical region.

Barretto (1950a), discussing the authorship of the genus Phlebotomus, attributed 
by the majority of authors to Rondani (1840), considered Rondani and Berté as the 
authors of this genus, because the authorship was clearly mentioned on page 12 of 
the original publication. He analyzed the polemical question regarding the change 
of the spelling of Flebotomus to Phlebotomus raised by Coquillett (1907), and con-
cluded that a spelling error had occurred, such that Phlebotomus was the correct 
form.
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The International Commission on Zoological Nomenclature (ICZN) (1950) 
agreed “(1) to amend to Phlebotomus the generic name originally published by 
Rondani, 1840 Flebotomus (Classe Insecta, Order Diptera)” and (2) “to place the 
generic name Phlebotomus Rondani, 1840 (type species: Bibio papatasi Scopoli, 
1786, by monotypy) on the Official List of Generic Names in Zoology and the trivial 
name papatasi Scopoli, 1786 (as originally published in the binomial combination 
Bibio papatasi), on the Official List of Specific Trivial Names in Zoology”. These 
decisions were published as Opinion 256 (ICZN, 1954).

Parrot (1951) did not accept the promotion of Phlebotomus s. lat. to the subfam-
ily Phlebotominae, nor its division into genera. He argued that as the genus 
Phlebotomus, endowed with extreme plasticity, was still undergoing a process of 
evolution and also because phlebotomology was a young science, the adoption of a 
minimum of formal categories was recommendable. He disagreed with placing 
Prophlebotomus and Neophlebotomus as synonymous with Sergentomyia, justify-
ing his position by affirming that the drawing of Sergentomyia’s genitalia presented 
by França and Parrot (1920) completed the definition of the subgenus and that this 
drawing unquestionably represented the genitalia of P. perniciosus Newstead, so 
this species would be the type “indicated” for the subgenus Sergentomyia. He con-
cluded that (1) the designation of P. minutus as type species of Sergentomyia pro-
posed by França 1920 was incorrect; (2) Prophlebotomus, with the type species P. 
minutus, was a valid subgenus, Sergentomyia (type species: P. perniciosus) and 
Larroussius (type species: P. major) being synonymous with it; (3) Neophlebotomus 
was considered a nomen nudum.

Barretto (1955) judged that despite the accumulated knowledge of the phleboto-
mines, it would at that time be difficult to propose a rational and satisfactory clas-
sification. On the other hand, the distribution in groups would be advantageous 
because of the great number of species (166 for the Old World and 199 for the 
Americas, at that point). However, he would prefer a classification with few catego-
ries. He was in accordance with Theodor (1948) as to the elevation of some subgen-
era to the genus level, considering its practical utility; however, he disagreed with 
the classificationTheodor proposed for the Western hemisphere phlebotomines. 
Barretto argued that the phlebotomines of this latter hemisphere included not only 
the genera Brumptomyia and Lutzomyia; there was “at least one highly homogenous 
group of species closely related to an exotic group of Sergentomyia”. The greater 
part of the American species would be included in this latter subgenus. Lutzomyia 
would be restricted, at the most, to a reduced number of species; however, the gen-
eral characteristics of these species were those of the genus Sergentomyia, though 
they differed slightly from those of its type species. Thus he considered the American 
phlebotomines as consisting of the genera Brumptomyia, Warileya and Sergentomyia, 
this last having Lutzomyia as its synonym. He made no reference to Hertigia. He 
disagreed with Parrot’s (1951) designation of P. perniciosus as the type species of 
Sergentomyia and also considered Neophlebotomus a nomen nudum. He argued 
that, in accordance with the rules of the ICZN, the designation of P. malabaricus as 
type species proposed by Larrousse (1921) and accepted by Dyar (1929) was incor-
rect, as França and Parrot (1920), when proposing this subgenus, doubted the 
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 correctness of its inclusion. They agreed with Dyar (1929) and Theodor (1948) in 
considering Prophlebotomus as a synonym of Sergentomyia. Finally they considered 
Brumptius as synonymous with Sergentomyia.

Fairchild (1955) divided Psychodidae into the subfamilies Psychodinae, 
Trichomyiinae and Phlebotominae. This last was divided into two tribes, namely, 
Bruchomyiini, with the genera Nemopalpus, Bruchomyia and Eutonnoiria, and 
Phlebotomini with the genera Phlebotomus, Warileya and Hertigia. On the basis of 
male genitalia he divided Phlebotomus into five subgenera: (1) Phlebotomus and (2) 
Sergentomyia containing Old World species and (3) Psychodopygus, (4) Viannamyia 
and (5) Brumptomyia containing New World species. The American species with 
short palpi were included in Viannamyia and in Psychodopygus (= Shannonomyina 
Pratt, 1947); the latter was divided into two species groups, Intermedius and 
Panamensis. The other species were included in Brumptomyia, being divided into 
nine species groups, some of them in series of species: (1) the Brumpti group, with 
the series (1.1) Brumpti and (1.2) Vexator; (2) the Vespertilionis group; (3) the 
Triacanthus group (= Pressatia), with the series (3.1) Triacanthus and (3.2) Fischeri; 
(4) the Anthophorus group (= Dampfomyia); (5) the Cayennensis group; (6) the 
Shannoni group; (7) the Cruciatus group, with 11 series of species: (7.1) Cruciatus, 
(7.2) Verrucarum, (7.3) Migonei, (7.4) Walkeri, (7.5) Castroi (= Castromyia), 
(7.6) Atroclavatus, (7.7) Baiyti, (7.8) Longipalpis (= Lutzomyia), (7.9) Infraspinosus 
(= Evandromyia), (7.10) Castanheirai and (7.11) Servulolimai; (8) the Longispinus 
group and (9) the Alphabeticus group.

Barretto (1961) included in Psychodidae the subfamilies Bruchomyiinae and 
Phlebotominae, in addition to others.

Barretto (1962) accepted for the American phlebotomines the genera Warileya, 
Brumptomyia and Lutzomyia. This last was divided into 15 subgenera, seven of 
which had previously been proposed: (1) Lutzomyia s. str., with the groups: (1.1) 
Longipalpis and (1.2) Cavernicola; (2) Pintomyia; (3) Evandromyia; (4) 
Psychodopygus, with seven groups: (4.1) Unisetosa, (4.2) Geniculata, (4.3) 
Bispinosa, (4.4) Panamensis, (4.5) Davisi, (4.6) Arthuri and (4.7) Matosi; (5) 
Viannamyia; (6) Pressatia; (7) Dampfomyia and eight new subgenera; (8) 
Micropygomyia (type species: Phlebotomus cayennensis Floch & Abonnenc, 1941); 
(9) Sciopemyia (type species: P. nordestinus Mangabeira, 1942); (10) Helcocyrtomyia 
(type species: P. peruensis Shannon, 1929), which was subdivided into the groups 
(10.1) Peruensis, (10.2) Oswaldoi, (10.3) Vexatrix and (10.4) Sanguinarius; (11) 
Trichophoromyia (type species: P. ubiquitalis Mangabeira, 1942), with three groups: 
(11.1) Ubiquitalis, (11.2) Brachypygus and (11.3) Ininii; (12) Coromyia (type spe-
cies: P. vespertilionis Fairchild & Hertig, 1947), with five groups: (12.1) 
Vespertilionis, (12.2) Vesicifera, (12.3) Christophei, (12.4) Serrana and (12.5) 
Verrucarum; (13) Trichopygomyia (type species: P. longispinus Mangabeira, 1942); 
(14) Nyssomyia (type species: P. intermedius Lutz & Neiva, 1912); and (15) 
Psathyromyia (type species: P. shannoni Dyar, 1929), subdivided into three groups: 
(15.1) Shannoni, (15.2) Volcanensis and (15.3) Aragaoi.

Ortiz and Scorza (1963) created the subgenus Pifanomyia (type species: Flebotomus 
serranus Damasceno & Arouck, 1949) for an American group of species.
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Rohdendorf (1964) raised the phlebotomines to family level, arguing that their 
females are hematophagous and their larvae live in an environment distinct from 
that of other psychodides.

Theodor (1965) clarified the principles that had guided his 1948 classification of 
the Old World species in order to justify his disagreements with Fairchild (1955) 
and proposed a new classification for the New World phlebotomines. He highlighted 
the importance of the use of the cibarium and male and female genitalia in distin-
guishing the groups and adopted the genera Hertigia, Warileya, Brumptomyia and 
Lutzomyia. This last he divided into the eight subgenera previously proposed by 
Barretto (1962) and 16 groups of species. The subgenera were (1) Lutzomyia, s. str., 
subdivided into two series: (1.1) Longipalpis and (1.2) Renei; (2) Psychodopygus, 
with the series (2.1) Unisetosa, (2.2) Panamensis and (2.3) Arthuri; (3) Evandromyia; 
(4) Viannamyia; (5) Castromyia; (6) Pressatia; (7) Pintomyia and (8) Dampfomyia. 
The groups of species were (1) Cruciata; (2) Migonei, with two series: (2.1) Migonei 
and (2.2) Evandroi and six species of doubtful classification; (3) Verrucarum, with 
two series of species: (3.1) Verrucarum and (3.2) Serrana (= Pifanomyia); (4) 
Vexatrix (= Helcocyrtomyia, partim), with two series of species: (4.1) Vexatrix and 
(4.2) Peruensis; (5) Vespertilionis (= Coromyia), with two series of species: (5.1) 
Vespertilionis and (5.2) Deleoni; (6) Intermedia (= Nyssomyia); (7) Lanei; (8) 
Auraensis (= Trichophoromyia, partim); (9) Aragaoi (= Psathyromyia, partim), with 
two series of species: (9.1) Aragaoi and (9.2) Brasiliensis; (10) Cayennensis (= 
Micropygomyia), with two series of species: (10.1) Cayennensis and (10.2) 
Chiapanensis; (11) Oswaldoi (= Helcocyrtomyia, partim); (12) Shannoni (= 
Psathyromyia, partim); (13) Longispina (= Trichopygomyia); (14) Castanheirai (= 
Trichophoromyia, partim); (15) Pilosa; and (16) Baityi. In addition to these he con-
sidered 9 species as isolated and 11 as being of doubtful classification or inade-
quately described.

Martins and Silva (1965) proposed the subgenus Barretomyia (type species: 
Phlebotomus tupynambai Mangabeira, 1942), correcting its name to Barrettomyia 
in 1968.

Forattini (1971, 1973) accepted the subfamilies Phlebotominae and Bruchomyiinae. 
Hertigia, as Barretto (1961) had proposed, was included in Bruchomyiinae. Forattini 
considered the genera Warileya and Brumptomyia and that the species that were 
included in Lutzomyia by Theodor (1948, 1965) and Barretto (1962) were divided into 
five genera: (1) Lutzomyia, (2) Psychodopygus, (3) Pintomyia, (4) Pressatia and (5) 
Viannamyia. The genus Lutzomyia was subdivided into four subgenera: (1) Lutzomyia, 
s. str. (= Evandromyia; Helcocyrtomyia, partim; Trichopygomyia, partim; Coromyia, 
partim and Pifanomyia); (2) Coromyia; (3) Trichopygomyia (= Sciopemyia, partim; 
Helcocyrtomyia, partim and Psathyromyia, partim); (4) Barrettomyia (= Castromyia). 
Several species were considered as incertae sedis. The genus Psychodopygus was 
subdivided into two subgenera: (1) Psychodopygus (= Shannonomyina Pratt) and 
(2) Trichophoromyia (= Nyssomyia, Psathyromyia, partim; Sciopemyia, partim 
and Helcocyrtomyia, partim). This classification was not approved because the 
majority of the species included were grouped on the basis of artificial characteristics 
(Young and Fairchild 1974; Lewis et al. 1977).
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Hennig (1972), in a phylogenetic study of Psychodidae, added Phlebotominae 
and Bruchomyiinae to the “Unterfamiliengruppe” Phlebotomoinea. The genus 
Phlebotomites (type species: Phlebotomites brevifilis Hennig, 1972) was created to 
accommodate two fossil species of the Cretaceous period found in Lebanese amber. 
In his classification this genus is included in an intermediate position between 
Warileya and Phlebotominae, s. str. (Sergentomyia, Phlebotomus, Lutzomyia and 
Brumptomyia).

Duckhouse (1973) considered Phlebotominae and Bruchomyiinae as belonging 
to the Psychodidae.

Young and Fairchild (1974) proposed a classification very similar to that of 
Theodor (1965), although with some modifications in the genus Lutzomyia: (1) five 
groups of species were created: (1.1) Delpozoi, for two species considered isolated; 
(1.2) Gasparviannai, for species that belonged to the groups Cruciata, partim and 
Migonei, partim; (1.3) Rupicola, for L. rupicola Martins, Godoy & Silva, 1962 and 
L. correalimai Martins, Coutinho & Luz 1970, both considered of doubtful posi-
tion; (1.4) Dreisbachi, for species that belonged to the groups Castanheirai, partim 
and Auraensis, partim; (1.5) Atroclavata, for L. atroclavata and L. venezuelensis 
(Floch & Abonnenc, 1948) (= P. zuliaensis Floch & Abonnenc, 1948) both consid-
ered isolated; (2) the Cruciata group was not considered and its species included in 
the series Cruciata of the subgenus Lutzomyia; (3) the Migonei group was amplified 
and the name of one of its series modified, being then composed as follows: (3.1) 
the Migonei series, (3.2) the Walkeri series (= the Evandroi series of Theodor) and 
(3.3) the Costalimai series (= Castromyia, partim of Theodor); (4) the subgenus 
Evandromyia was divided into two series: (4.1) Infraspinosa and (4.2) Monstruosa; 
(5) Trichophoromyia Barretto was adopted (species of the Castanheirai group, par-
tim and of Theodor’s Auraensis group were included); (6) Nyssomyia Barretto, 1962 
(= Theodor’s Intermedia group) was adopted; (7) L. trinidadensis (isolated species 
in Theodor’s classification) was included in the Oswaldoi group and (8) L. castroi 
(type species of Castromyia) was considered as an isolated species.

Abonnenc and Leger (1976a) adopted the category of family for the phleboto-
mines. They divided Phlebotomidae into three subfamilies: Euphlebotominae, 
Neophlebotominae and Disphlebotominae; as these were in disagreement with the 
rules of the ICZN they later changed them to Phlebotominae, Lutzomyiinae and 
Hertigiinae, respectively (Abonnenc and Leger 1976b).

Lewis et al. (1977), for the American species, followed Young and Fairchild’s 
(1974) system, with few modifications: Hertigia was considered as a subgenus of 
Warileya, and they created the group Saulensis, considered an isolated species in 
this latter classification.

Martins et al. (1978) proposed a classification similar to the two preceding ones. 
However, with the exception of Castromyia and Sciopemyia, these authors adopted 
the subgenera previously proposed. The species of the former were included in the 
Amarali group and those of the latter together with those of the Rupicola group 
were considered as isolated; the Vexator group was considered the Vexator series 
of the subgenus Helcocyrtomyia. These authors adopted the Cruciata group. 
The Migonei group became more restricted; the Walkeri series was included as a 
group of species; the taxa of the Aragaoi group of other classifications were included 
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in the Brasiliensis group; the Baityi group was denominated the Gorbitzi group; the 
Pilosa group was denominated the Chassigneti group; the Saulensis group was 
included as the Saulensis series of the subgenus Coromyia, and Hertigia was con-
sidered a genus.

Vargas (1978) proposed the creation of two subgenera for the genus Lutzomyia, 
Forattiniella (type species: Phlebotomus lutzianus Costa Lima, 1932) and Aguayoi 
(type species: Lutzomyia dispar Martins & Silva 1963).

Ready et al. (1980), based on the characteristics of adults, eggs, larvae and eco-
logical niche, considered Psychodopygus, s. str. a distinct genus, just as Forattini 
(1971, 1973) did. Ryan (1986) also adopted Psychodopygus as a genus in a review 
of phlebotomines of Pará state, Brazil.

Young and Arias (1984) created the Microps group in the genus Lutzomyia.
Leng (1987) described a new genus of Phlebotominae for Asia called Chinius 

(type species C. junlianensis Leng 1987) with primitive characteristics.
Artemiev (1991) divided the Phlebotominae into two tribes: Idiophlebotomini 

(type genus: Idiophlebotomus Quate & Fairchild, 1961) and Phlebotomini (type 
genus Phlebotomus Rondani & Berté, 1840). The former was subdivided into sub-
tribes (1) Idiophlebotomina with five genera  – (1.1) Idiophlebotomus; (1.2) 
Spelaeophlebotomus (type species: P. gigas Parrot & Schwetz, 1937); (1.3) 
Phlebotomites Hennig, 1972 type species: Phlebotomites brevifilis Hennig, 1972); 
(1.4) Phlebotomiella Meunier, 1905 (type species: Phlebotomiella tipuliformis 
(Meunier, 1905) and (1.5) Chinius Leng, 1987  – and (2) the Hertigiina for the 
Americas, with the genera Hertigia and Warileya. The tribe Phlebotomini was sub-
divided into five subtribes  – three for the Old World: (1) Phlebotomina, (2) 
Spelaeomyiina (genus type: Spelaeomyia Theodor, 1948) and (3) Sergentomyiina 
(type genus: Sergentomyia França & Parrot, 1920); one for the Australian region: 
Australophlebotomina (type genus: Australophlebotomus Theodor, 1948) and one 
for the Americas: Brumptomyiina (type genus Brumptomyia França & Parrot, 
1921). Phlebotomina was divided into two genera, one of them, Phlebotomus, into 
nine subgenera, Spelaeomyiina, with only one genus and Sergentomyiina with three 
genera, one of them, Sergentomyia, with two subgenera. Brumptomyiina was 
divided into 10 genera: (1) Brumptomyia; (2) Isolutzomyia (type species: Lutzomyia 
cirrita Young & Porter, 1974); (3) Psychodopygus, with three subgenera: (3.1) 
Psychodopygus, s. str., (3.2), Shannonomyia Dyar, 1929 and (3.3) Eupsychodopygus 
(type species: Flebotomus. arthuri Fonseca, 1936); (4) Nyssomyia, with two sub-
genera: (4.1) Nyssomyia, s. str. and (4.2) Bichromomyia (type species: Flebotomus 
flaviscutellatus Mangabeira, 1942); (5) Trichophoromyia; (6) Psathyromyia, with 
three subgenera: (6.1) Psathyromyia, s. str. with three groups: (6.1.1) Shannoni, 
(6.1.2) Volcanensis and (6.1.3) Lanei; (6.2) Oophoromyia, subgen. n. (type species: 
Phlebotomus aragaoi Lima, 1932), with two groups: (6.2.1) Aragaoi and (6.2.2) 
Brasiliensis; (6.3) Xiphomyia (type species: Phlebotomus aclydifera Fairchild & 
Hertig, 1952); (7) Viannamyia; (8) Pintomyia; (9) Lutzomyia with eight subgenera: 
(9.1) Lutzomyia, s. str., with three groups: (9.1.1) Longipalpis, (9.1.2) Cavernicola 
and (9.1.3) Lichyi; (9.2); Helcocyrtomyia, with three groups: (9.2.1) Peruensis, 
(9.2.2) Scorzai and (9.2.3) Cruciata; (9.3) Barrettomyia, with four groups: (9.3.1) 
Tupynambai, (9.3.2) Migonei, (9.3.3) Evandroi and (9.3.4) Baityi; (9.4) Coromyia, 
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with six groups: (9.4.1) Vespertilionis, (9.4.2) Serrana, (9.4.3) Vesicifera, (9.4.4) 
Verrucarum, (9.4.5) Monticola and (9.4.6) Saulensis; (9.5) Evandromyia, with two 
groups: (9.5.1) Infraspinosa, stat. n. and (9.5.2) Monstruosa; (9.6) Pressatia; (9.7) 
Trichopygomyia; (9.8) Dampfomyia; and (10) Micropygomyia, with three subgen-
era: (10.1) Micropygomyia, s. str. with three groups: (10.1.1) Cayennensis, (10.1.2) 
Chiapanensis and (10.1.3) Atroclavata; (10.2) Sciopemyia, with four groups: 
(10.2.1) Microps, (10.2.2) Pilosa, (10.2.3) Gasparviannai and (10.2.4) Delpozoi; 
(10.3) Sauromyia (type species: Flebotomus oswaldoi Mangabeira, 1942), with 
three groups: (10.3.1) Oswaldoi, (10.3.2) Trinidadensis and (10.3.3) Vexator.

Williams (1993) proposed promoting the phlebotomines to the Phlebotomidae 
family, with two subfamilies: Phlebotominae, s. str. and Bruchomyiinae.

Young and Duncan (1994), in a revision of the genus Lutzomyia – excepting the 
species of Canada and United States – followed basically the classification described 
by Lewis et al. (1977). However, they adopted the subgenera Coromyia, Psathyromyia 
and Sciopemyia.

Galati (1995) proposed a classification for Phlebotominae, with emphasis on the 
American species, with a phylogenetic approach in which Phlebotominae was divided 
into the tribes Hertigiini and Phlebotomini. The former consisted of two subtribes, 
Hertigiina for the Americas and Idiophlebotomina, including species of the Old World 
and the Australian region. Phlebotomini was divided into six subtribes, namely, 
Phlebotomina, Australophlebotomina, Brumptomyiina, Sergentomyiina, Lutzomyiina 
and Psychodopygina, with the American species distributed among the last four.

Galati et  al. (2003) described the monospecific genus Edentomyia Galati, 
Andrade Filho, Silva & Falcão, 2003, with the type species E. piauiensis Galati, 
Andrade-Filho, Silva & Falcão, 2003, found in caves in the Brazilian state of Piauí, 
with characteristics that permit its inclusion in Phlebotomini but not in any of its 
subtribes considered in Galati’s classification (1995).

Based on two fossil specimens of Cretaceous Lebanese amber, Azar et al. (1999) 
described two genera: Libanophlebotomus and Mesophlebotomites; Poinar (2004) 
described the genus Palaeomyia from a fossil specimen found in Cretaceous 
Burmese (Myanmar) amber, and Solórzano and Kraemer (2009) described the 
genus Phlebotoiella from Vastan (Indian amber). However, on the basis of the char-
acteristics described for the four genera, it was not possible to include them in either 
of the two tribes considered in Galati’s classification. Malak et al. (2013) recently 
described three species from Cretaceous Burmese (Myanmar) amber and included 
them in the Phlebotomites genus, described by Hennig (1972) on the basis of spe-
cies found in Lebanese amber.

The artificial taxa Phlebotomus breviductus Barretto & Coutinho, 1950, and 
Phlebotomus oliverioi Barretto & Coutinho, 1941, each described on the basis of 
two species, were proposed the exclusion from the provisions of the ICZN (Articles 
17.2 and 23.8) (Andrade et al. 2013, 2014).

The cladograms of Galati’s (1995) classification are partially reproduced here 
(Figs. 1, 2, 3, and 4), as well as a classification by sequencing, with the inclusion of 
the series of species of the genus Psychodopygus and those of the subgenus 
Helcocyrtomyia and the genus Edentomyia. In the classification of the 1,008 taxa of 
the group of species (species and subspecies) described [977current and 31 fossil 
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Fig. 1 Cladogram of Phlebotominae: tribes and subtribes, with the inclusion of genera in Hertigiini 
and Brumptomyiina

Fig. 2 Cladogram of 
Phlebotominae: genera, 
subgeneras and series of 
species of Sergentomyiina
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Fig. 3 Cladogram of Phlebotominae: genera, subgenera, group of species and series of species of 
Lutzomyiina

Fig. 4 Cladogram of 
Phlebotominae: genera, 
subgenera, groups and 
series of Psychodopygina. 
Xiphomyia (a pre-occupied 
name) has been replaced 
by Xiphopsathyromyia by 
Ibañes et al. (2015)
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(+)], those of the Americas are emphasized, totaling 539 species/subspecies, 522 
current and 17 fossil species, which are listed in alphabetical order in the respective 
supra-specific categories (genera, subgenera, groups and series of species) because no 
overall study has been undertaken of the phylogenetic relationship between them.

Artemiev (1991) and Galati (1995) proposed in their classifications several new 
taxa in the category of family and genus groups. However, Artemiev only listed the 
taxa without giving any diagnosis that differentiated them from the closest taxa, 
which conflicts with Article 13.1.1 of the Code of Zoological Nomenclature and cites 
no references from which the information might be recovered (Article 13.1.2). Galati 
(1995), although giving sets of characteristics that permit the differentiation of each 
taxon, presents the characteristics in the form of numbers (0,1, 2, 3, . . .) instead of 
describing them in words as recommended by Article 13.1.1. Thus both classifica-
tions are in disagreement with the rules of the Code of Zoological Nomenclature 
(ICZN 1999), making these names unavailable. However, the ICZN 2017; considers 
that such names may become available if a subsequent author publishes them again 
by fulfilling the availability criteria. But in this case, the authorship is no longer 
attributed to the author who originally proposed the name but rather to the author(s) 
who made the name available. For the American taxa the author and date became 
Galati (2003b) who provides this information in her identification keys.

 Phylogenetic Classification of Phlebotominae (Diptera, Psychodidae)

The American groups are emphasized. Stages are presented as follows: E = egg, 
L = larva, P = pupa and sexes of the adults “m” (male) and “f” (female) described 
and the geographical distribution by country, and Brazilian states (in parentheses). 
The underlined country or Brazilian state represents that of the type locality.  
The full names of the countries and Brazilian states are shown in Table 1.

PHLEBOTOMINAE Rondani, 1840

  HERTIGIINI Abonnenc & Leger, 1976

   HERTIGIINA (Type genus: Hertigia Fairchild, 1949)

      Warileya Hertig, 1948 (Type species: Warileya phlebotomanica Hertig, 
1948)

           euniceae Fernández, Carbajal, Astete & Wooster, 1998 (mf) - PE.
          fourgassiensis Le Pont & Desjeux, 1984 (mf) - GF.
          leponti Galati & Cáceres 1999 (m) - PE.
           lumbrerasi Ogosuku, Perez, Davies & Villaseca, 1996 (mf) - PE.
          nigrosaccula Fairchild & Hertig, 1951 (mf) - PA, CO.
          phlebotomanica Hertig, 1948 (mf) - PE, EC.
           rotundipennis Fairchild & Hertig, 1951 (mf) - CR, PA, CO, PE, BO.
          yungasi Velasco & Trapido, 1974 (m) - BO.
      Hertigia Fairchild, 1949 (Type species: Hertigia hertigi Fairchild, 1949)
          hertigi Fairchild, 1949 (mf) - CR, PA.
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    BRUMPTOMYIINA Galati 2003 (Type genus: Brumptomyia França & 
Parrot, 1921)

      Brumptomyia França & Parrot, 1921 [Type species: Brumptomyia 
brumpti (Larrousse, 1920)]

          angelae Galati, Santos & Silva, 2007 (m) - BR (PR).
           avellari (Costa Lima, 1932) (ELPmf) - PA, CO, VE, PE, BO, 

BR (RR, PA, RO, AC, TO, MA, PI, BA, MG, ES, RJ, SP, PR, 
GO, MT, MS,DF), AR, PY.

           beaupertuyi (Ortiz, 1954) (mf) - CO, VE.
           bragai Mangabeira & Sherlock, 1961 (m) - BR (BA, ES, SP).
            brumpti (Larrousse, 1920) (Pmf) - BO, BR (AM, PA, MA, 

TO, MG, RJ, SP, PR, SC, MT, MS), AR.
           cardosoi (Barretto & Coutinho, 1941) (mf?) - BR (MG, ES, RJ, 

SP, PR).
           carvalheiroi  (Shimabukuro, Marassá & Galati, 2007) (mf) - 

BR (SP).
           cunhai (Mangabeira, 1942) (mf) - HN, BR (AP, PA, RO, BA, 

MG, ES, RJ, SP, PR, RS, MT, MS).
          devenanzii (Ortiz & Scorza, 1963) (mf) - VE.
          figueiredoi Mangabeira & Sherlock, 1961 (m) - BR (BA, ES).
           galindoi (Fairchild & Hertig, 1947) - (mf) - NI, CR, PA, CO, 

EC, PE, BO.
           guimaraesi (Coutinho & Barretto, 1941) (mf) - CO, BR (MG, 

ES, RJ, SP, PR), AR, PY.
           hamata (Fairchild & Hertig, 1947) (mf) - MX, BZ, PA, CO, 

EC, PE.
           leopoldoi (Rodriguez, 1953) (mf) - BZ, PA, CO, EC.
           mangabeirai (Barretto & Coutinho, 1941) (m) - BR (PA, MG, 

SP, PR).
            mesai Sherlock, 1962 (mf) - MX, BZ, HN, CO, BR (PR, MS, 

SP) (Revalidated: Ibáñez-Bernal 1999).
            nitzulescui (Costa Lima, 1932) (mf) - BR (PE, MG, ES, RJ, 

SP, PR, SC, RS, MS).
           orlandoi Fraiha, Shaw & Lainson, 1970 (m) - BR (MT).
           ortizi Martins, Silva & Falcão, 1971 (mf?) - BR (MG, SP, PR).
            pentacantha (Barretto, 1947) (mf) - CO, EC, PE, BO, BR (PA, 

AC, RO, MT).
            pintoi (Costa Lima, 1932) (mf) - VE, SR, GF, BO, BR (RR, 

AM, PA, RO,MA, MG, RJ, SP, MT, MS, DF), AR.
           quimperi Galati & Cáceres, 1999 (m) - PE.
           spinosipes (Floch & Abonnenc, 1943) (f) - PA, GF, BR (RR, PA).
            travassosi (Mangabeira, 1942) (ELPmf) - PA, SR, GF, BR (AP, 

RR, PA, RO, MA, MG).
           troglodytes (Lutz, 1922) (mf) - PE?, BR (MG, ES, RJ, SP, SC).
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          virgensi Mangabeira & Sherlock, 1961 (m) - BR (BA).

      Oligodontomyia Galati, 2003 [Type species: Ol. oligodonta (Young, 
Pérez & Romero, 1985)]

          isopsi (Leger & Ferte, 1996) (mf) - CH.
          oligodonta (Young, Pérez & Romero, 1985) (mf) - PE.
           toroensis (Le Pont, Torrez-Espejo & Dujardin, 1997) (mf) - BO.

    SERGENTOMYIINA Galati 2003 (Type genus: Sergentomyia França & 
Parrot, 1920)

     Deanemyia Galati, 2003 [Type species: Deanemyia samueli (Deane 1955)]
          appendiculata (Martins, Falcão & Silva, 1961) (m) - BR (MG).
          derelicta (Freitas & Barrett, 1999) (mf) - BR (PA).
          maruaga (Alves, Freitas & Barrett, 2008) (f) - BR (AM).
           ramirezi (Martins, Falcão, Silva & Miranda-Filho, 1982) 

(mf) - BR (MG), BO.
          samueli (Deane, 1955) (mf) - BR (PA, MA, PI, CE, RN).

     Micropygomyia Barretto, 1962 [Type species: Micropygomyia oswaldoi 
(Mangabeira, 1942)]

      (Silva myia) Galati, 2003 [Type species: Micropygomyia (Silvamyia) 
acanthopharynx (Martins, Falcão & Silva, 1962)]

           acanthopharynx (Martins, Falcão & Silva, 1962) (mf) - BR 
(RO, TO, MG, GO, MT, MS, DF).

           echinatopharynx Andrade Filho, Galati, Andrade & Facão, 
2004 (mf) - BR (TO).

      (Sauro myia) Galati 2003 [Type species: Micropygomyia (Sauromyia) 
oswaldoi (Mangabeira, 1942)]

           Oswaldoi series Barretto, 1962
                capixaba (Dias, Falcão, Silva & Martins, 1987) 

(mf) - BR (RN, PE, BA, MG, ES, RJ).
                dereuri (Le Pont, Matias, Martinez & Dujardin 

2004 (mf) - BO.
                +dorafeliciangeli Andrade Filho, Galati & Brazil, 

2009 (m) - DO (Fossil, amber, Miocene).
                ferreirana (Barretto, Martins & Pellegrino, 1956) 

(mf) - BR (MG, ES, RJ, SP, PR, MS, RS).
                  syn. Lutzomyia borgmeieri Martins, Falcão 

& Silva, 1972 (Galati et al. 2002).
                huacalquensis (Le Pont, Matias, Martinez & 

Dujardin 2004 (mf) - BO.
                longipennis (Barretto, 1946) (mf) - PE, BR (RR, 

AM, AP, PA, RO, TO, MA, AC, MG, RJ, SP, PR, 
GO, MT, MS, DF).
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                machupicchu (Martins, Llanos & Silva, 1975) 
(m) - PE.

                oswaldoi (Mangabeira, 1942) (OLPmf) - BO, BR 
(AP, PA, RO, TO, MA, PI, CE, RN, PE, BA, MG, 
RJ, GO, MT, MS), AR.

                +paterna (Quate, 1963) (m) - MX (Chiapas, 
Simojovel - Fossil: Oligocene/Miocene)

                peresi (Mangabeira, 1942) (mf) - GF, BO, BR 
(RR, AM, PA, AC, RO, TO, MA, PI, CE, RN, PE, 
MG, RJ, GO, MT, MS), AR.

                petari Galati, Marassá & Gonçalves-Andrade, 
2003 (mf) - BR (SP).

                pratti (Vargas & Diaz-Nájera, 1951) (m) - MX.
                 pusilla (Dias et al. 1986) (mf) - GF, BR (AP, RR, 

AM, PA, RO, MA, MT).
                   syn. Phlebotomus sp. de Saul Floch & 

Abonnenc, 1944 (Dias et al. 1986).
                quechua (Martins, Llanos & Silva, 1975) 

(mf) - PE.
                 quinquefer (Dyar, 1929) (mf) - BO, BR (MA, CE, 

RN, PE, AL, BA, MG, ES, RJ, PR, GO, MT, MS), 
PY, AR.

                  syn. Flebotomus rickardi Costa Lima, 1936 
(Fairchild & Hertig 1957).

                rorotaensis (Floch & Abonnenc, 1944) (mf) - PA, 
CO, VE, SR, GF, PE, BR (AP, RR, AM, PA, RO, 
TO, MA, PI).

                  syn. Phlebotomus sp. de Rorota Floch & 
Abonnenc, 1941 (Floch & Abonnenc 1952)

                saccai (Feliciangeli, Ramírez Pérez & Ramirez, 
1989) (mf) - VE.

                sp. 2 de Araracuara (Morales & Minter, 1981) 
(m) - CO.

                trinidadensis (Newstead, 1922) (mf) - MX, BZ, 
GT, HN, NI, CR, PA, CO, VE, TT, SR, GF, EC, 
PE, BO, BR (RR, AP, AM, PA, AC, RO, TO, MA, 
CE, RN, BA, MG, MT).

                  syn. Phlebotomus baduelensis Floch & 
Abonnenc, 1942 (Fairchild & Hertig 1948).

                  syn. Phlebotomus yucatanensis Galliard, 
1934 (Fairchild & Hertig 1948).

                  syn. P. yucatanensis var. baduelensis Floch & 
Abonnenc, 1941 (Fairchild & Hertig 1948).
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                villelai (Mangabeira, 1942) (mf) - BR (PA, AC, 
RO, TO, MA, PI, CE, RN, SE, BA, MG, GO, MT, 
MS) [Revalidated (Galati 2003)]1.

                  syn. Lutzomyia goiana Martins, Falcão & 
Silva, 1962 (Galati 2003).

                vonatzingeni Galati, 2007 (mf) - BR (PA, TO, 
MS, MG).

                zikani (Barretto, 1950) (mf) - BR (ES, PA).

          Atroclavata Series Fairchild, 1955
                atroclavata (Knab, 1913) (mf) - CR, PA, CO, VE, 

TT, VI, GP, MQ.
                  syn. Phlebotomus guadeloupensis Floch & 

Abonnenc 1945 (Fairchild & Hertig 1948).
                  syn. Phlebotomus tejerae Larrousse, 1921 

(Dyar & Nuñez-Tovar 1926/1927).
                venezuelensis (Floch & Abonnenc, 1948) (mf) - 

CO, VE.
                  syn. Phlebotomus zuliaensis Floch & 

Abonnenc, 1948 (Pifano et al. 1962).

      (Coquillettimyia) Galati, 1995 [Type species: Micropygomyia 
(Coquillettimyia) vexator (Coquillett, 1907)]

          Vexator Series Fairchild, 1955
                apache (Young & Perkins, 1984) (mf) - US.
                oppidana (Dampf, 1944) (mf) - CA, US, MX.
                vexator (Coquillett, 1907) (mf) - CA, US, MX.
                  syn. Phlebotomus vexator occidentis 

Fairchild & Hertig, 1957 (Young & Perkins, 
1984).

               vindicator (Dampf, 1944) (mf) - MX.

          Chiapanensis Series Theodor, 1965
                californica (Fairchild & Hertig, 1957) (mf) - US.
                chiapanensis (Dampf, 1947) (mfELP) - MX, SV, 

HN, NI, CR, PA.
                stewarti (Mangabeira & Galindo, 1944) (mf) - 

US, MX.

     (Micropygomyia) s. str. Barretto, 1962

1 This was proposed on the basis of the comparison of the type male of Mi. goiana and three males 
from Piauí state identified by one of the authors of the species (Falcão A.L.) with seven specimens 
captured in VI.1940 by Mangabeira in the type locality of Ph. villelai. Three other males from 
Aurá, Belém, Pará, captured by Damasceno, VIII. 1940, and also identified as Ph. villelai by 
Mangabeira, 1942, belong to an undescribed species. All these specimens are deposited in the 
Museu de Zoologia of São Paulo University (Galati 2003a, b, p. 33).
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          Cayennensis Series Fairchild, 1955
                absonodonta (Feliciangeli, 1995) (mf) - PE, VE.
               ancashensis Galati & Cáceres,  2007 (m) - PE.
                 cayennensis cayennensis (Floch & Abonnenc, 

1941) (mfLP) - MX, BZ, SV, HN, NI, CR, PA,CO, 
VE, TT, GF, EC, PE, BR (RR, AM, PA, RO).

               cayennensis braci (Lewis, 1967) (mf) - KY.
                cayennensis cruzi (Gonzales & Garcia, 1981) 

(mf) - CU.
                cayennensis hispaniolae (Fairchild & Trapido, 

1950) (mf) - DO, HT.
                cayennensis jamaicensis (Fairchild & Trapido, 

1950) (mf) - JM.
                cayennensis maciasi (Fairchild & Hertig, 1948) 

(mf) - MX, GT, BZ.
                cayennensis puertoricensis (Fairchild & Hertig, 

1948) (mf) - PR.
                cayennensis viequesensis (Fairchild & Hertig, 

1948) (mf) - PR, VI.
                ctenidophora (Fairchild & Hertig, 1948) (f) - MX.
                cubensis (Fairchild & Trapido, 1950) (mf) - US, 

CU.
                duppyorum (Fairchild & Trapido, 1950) 

(mf) - JM.
                durani (Vargas & Diaz-Nájera, 1952) (mf) - MX, 

HN, SV.
                farilli (Vargas & Diaz-Nájera, 1959) (f) - MX.
                hardisoni (Vargas & Diaz-Nájera, 1952) 

(mf) - MX.
                lewisi (Feliciangeli, Ordoñez & Férnandez, 1984) 

(mf) - VE.
                 micropyga (Mangabeira, 1942) (mf) - CR, PA, CO, 

VE, TT, GF, EC, PE, BO, BR (RR, AP, AM, PA, 
TO, MA, AC, RO, MG, GO, MT).

                 schreiberi (Martins, Falcão & Silva, 1975) 
(mf) - BR (CE, PB, PE, BA, MG, ES, RJ, SP).

                wirthi (Vargas & Dias-Nájera, 1951) (f) - MX.
                yencanensis (Ortiz, 1965) (mf) - CO, VE.

          Pilosa Series Theodor, 1965
                 chassigneti (Floch & Abonnenc, 1944) (mf) - SR, 

CO, GF, BR (AP, AM).
                mangabeirana (Martins, Falcão & Silva, 1963) 

(mf) - BR (RR).
                 pilosa (Damasceno & Causey, 1944) (mf) - CR, 

PA, CO, VE, TT, GR, BR (AM, PA, AC, RO, MA).
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      Incertae sedis
             +Micropygomyia brandaoi Andrade Filho, Galati, Falcão & 

Brazil, 2008 (m) - DO. (Fossil, amber, Miocene).
              Micropygomyia xerophila (Young, Brenner & Wargo, 

1983), comb. n. (mf) - US.

    LUTZOMYIINA Abonnenc & Leger, 1976 (Type genus: Lutzomyia 
França, 1924)

     Sciopemyia Barretto, 1962 [Type species: Sciopemyia sordellii (Shannon & 
Del Ponte, 1927)]

                 fluviatilis (Floch & Abonnenc, 1944) (mf) - GF, 
BR (AP, PA, AC, RO, MA, PE).

                 microps (Mangabeira, 1942) (mf) - BR (PA, TO, 
MA, BA, MG, ES, RJ, SP, SC).

                nematoducta (Young & Arias, 1984) (mf) - CO, 
BR (AM).

                pennyi (Arias & Freitas, 1981) (m) - BR (AM).
                preclara (Young & Arias, 1984) (mf) - CO, PE, 

BO, BR (AM, AC).
                  syn. Lutzomyia sp. near L. microps Young 

et al. 1985 (Young & Duncan 1994).
                 servulolimai (Damasceno & Causey, 1945) 

(mf) - PE, BO, BR (AM, PA, AC, RO, MA, CE, 
MT, DF).

                 sordellii (Shannon & Del Ponte,1927) (mf) - CR, 
PA, CO, VE, TT, GF, EC, PE, BO, BR (RR, AP, 
AM,PA, AC, RO, TO, MA, PI, CE, RN, PE, ES, 
RJ, SP, PR, MG, GO, MT, MS, DF), AR.

                  syn. Phlebotomus longicornutus Floch & 
Abonnenc, 1943 (Barretto 1946a).

                  syn. Phlebotomus nordestinus Mangabeira, 
1942 (Young & Morales 1987).

                vattierae (Le Pont & Desjeux, 1992) (mf) - PE, 
BO, CO, BR (AC).

     Lutzomyia França, 1924 [Type species: Lutzomyia longipalpis (Lutz & 
Neiva, 1912)]

      syn. Françaia Dyar & Nuñez-Tovar, 1926/1927 (new name for Lutzia, 
non Theobald, 1903).

     syn. Lutzia França, 1920, non Theobald, 1903.
     syn. Lutziola Strand, 1932 (new name for Lutzia, non Theobald, 1903).
      syn. Lutziomyia Cordero, Vogelsang & Cossio, 1928 (new name for 

Lutzia, non Theobald, 1903).
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          (Helcocyrtomyia) Barretto, 1962 [Type species: Lutzomyia 
(Helcocyrtomyia) peruensis (Shannon, 1929)]

           Sanguinaria Series Barretto, 1962
                 adamsi Fernandez, Galati, Carbajal, Wooster & 

Watts, 1998 (mf) - PE.
                botella (Fairchild & Hertig, 1961) (f) - PA.
                caceresi Le Pont, Matias, Martinez & Dujardin 

2004 (m) - BO.
                cirrita Young & Porter, 1974 (mf) - CO.
                gonzaloi Ogusuku Canales & Pérez, 1997 

(mf) - PE.
                guderiani Torrez-Espejo, Cáceres & Le Pont, 

1995 (mf) - PE, BO.
                hartmanni (Fairchild & Hertig, 1957) (mf) - CR, 

PA, CO, EC, PE.
                kirigetiensis Galati & Cáceres, 1992 (mf) - PE
                monzonensis Ogusuku Canales & Pérez, 1997 

(mf) - PE.
                 sanguinaria (Fairchild & Hertig, 1957) (mf) - HN, 

NI, CR, PA, CO.
                scorzai (Ortiz, 1965) (mf) - VE, CO, PE.
               sp. de Pichinde Young,1979 - (mf) - CO.
                 tolimensis Carrasquilla, Munstermann, Marín, 

Ocampo & Ferro, 2012 (mf) - CO.
                tortura Young & Rogers, 1984 (mf) - CO, EC, 

BO.
                velezi Bejarano, Vivero & Uribe, 2010 (m) - CO.

           Osornoi Series Galati & Cáceres, 1994
                caballeroi Blancas, Cáceres & Galati, 1989 

(ELmf) - PE.
                castanea Galati & Cáceres, 1994 (mf) – PE, EC.
                 ceferinoi (Ortiz & Alvarez, 1963) (mf?) - CO, VE. 

(f? see Galati & Cáceres 1994.
                 erwindonaldoi (Ortiz, 1978) (mf?) - CO, VE. (f? 

see, Galati & Cáceres 1994).
                herreri Galati & Cáceres, 2003 (mf) - PE.
                imperatrix (Alexander, 1944) (f) - PE.
                larensis Arredondo, 1987 (mf) - VE.
                munaypata Ogusuku, Chevarria, Porras & Pérez, 

1999 (mf) - PE.
                osornoi (Ristorcelli & Van Ty, 1941) (mf) - CO, 

EC, PE, BO.
                  syn. Phlebotomus montoyai Sherlock, 1962 

(Young & Porter 1974).
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                 quillabamba Ogusuku, Chevarria, Porras & Pérez, 
1999 (mf) - PE.

                rispaili Torrez-Espejo, Cáceres & Le Pont, 1995 
(m) - BO, PE.

                strictivilla Young, 1979 (mf) - CO, VE, EC.
                wattsi Fernández, Carbajal, Astete & Wooster, 

1998 (m) - PE.

           Peruensis Series Barretto, 1962
                ayacuchensis Cáceres & Galati, 1988 (mf) - EC, 

PE.
                blancasi Galati & Cáceres, 1990 (mf) - PE.
                chavinensis Pérez & Ogusuku, 1999 (mf) - PE.
                 galatiae Le Pont, Martinez, Torrez-Espejo & 

Dujardin, 1998 (mf) - BO.
                noguchii (Shannon, 1929) (ELmf) - PE.
                pallidithorax Galati & Cáceres, 1994 (mf) - PE.
                peruensis (Shannon, 1929) (ELmf) - PE, BO.
                pescei (Hertig, 1943) (mf) - PE.
                tejadai Galati & Cáceres, 1990 (ELmf) - PE.

           Incertae sedis
                Lutzomyia vargasi (Fairchild & Hertig, 1961 

(m) - MX.
                Lutzomyia infusca Porter & Young, 1999 

(mf) - GT.

           (Castromyia) Mangabeira, 1942 [Type species: Lutzomyia 
(Castromyia) castroi (Barretto & Coutinho, 1941)]

                amarali (Barretto & Coutinho, 1940) (mf) - BR 
(MG, ES, RJ, SP, PR).

                 syn. Lutzomyia diacantha Martins & Silva, 1965 
(Martins et al. 1978).

                caligata Martins, Falcão & Silva, 1965 (m) - BR 
(RO).

                castroi (Barretto & Coutinho, 1941) (m) - BR 
(SP).

           (Tricholateralis) Galati, 2003 [Type species: Lutzomyia 
(Tricholateralis) cruciata (Coquillett, 1907)]

                araracuarensis Morales & Minter, 1981 (m) - 
CO, BR (AM).

                 carvalhoi (Damasceno, Causey & Arouck, 1945) 
(mf) - GF, BR (AP, PA, RO).

                 cruciata (Coquillett, 1907) (ELPmf) - US, MX, 
BZ, GT, HN, SV, NI, CR, PA, BR (MT?).
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                 cultellata (Freitas & Albuquerque, 1996) (m) - 
PE, BR (AM). (n. comb.)2.

                diabolica (Hall, 1936) (mf) - US, MX.
                 evangelistai Martins & Fraiha, 1971 (mf) - CO, 

PE, BO, BR (AP, AM, PA, RO, AC, MT).
                falcata Young, Morales & Ferro, 1994 (mf) - CO, 

EC, BR (AM, MT).
                flabellata Martins & Silva, 1964 (m) - BO, BR 

(AM, AC, RO, MT).
                 gomezi (Nitzulescu, 1931) (ELPmf) - MX, HN, SV, 

NI, CR, PA, CO, VE, TT, GF, EC, PE, BO, BR (RR, 
AP, AM, PA, AC, RO, TO, MA, MT, GO, BA).

                 syn. Flebotomus (Brumptomyia) suis Rozeboom, 
1940 (Barretto 1946b).

                 syn. Phlebotomus japignyi Floch & Abonnenc, 
1944 (Fairchild & Hertig 1948).

                legerae Le Pont, Gantier, Hue & Valle, 1995 
(mf) - NI.

                maesi Le Pont, Ibáñez–Bernal & Fuentes, 2011 
(mf) - NI.

                marinkellei Young, 1979 (mf) - CO, BR (AM, 
RO, AC, MT).

                 sherlocki Martins, Silva & Falcão 1971 (mf) - 
CO, EC, PE, BO, BR (RR, AM, PA, AC, RO, TO, 
MT).

                 spathotrichia Martins, Falcão & Silva, 1963 
(mf) - EC, GF, BO, BR (RR, AP, AM, PA, RO, 
MA, MT).

                  syn. Lutzomyia eliensis Le Pont & Desjeux, 
1983 (Lebbe et al. 1987).

          (Lutzomyia) s. str.
                 syn. (Aguayoi) Vargas, 1978 (Espécie-tipo: 

Lutzomyia dispar Martins & Silva, 1963) 
(Galati 1995).

                alencari Martins, Souza & Falcão, 1962 (mf) - 
BR (MG, ES, RJ).

                almerioi Galati & Nunes, 1999 (mf) - BR  
(MS, SP).

2 R. Fernandes (NAMRID) captured a specimem in Peru and had difficulties identifyng it because 
many of its characteristics were different from those of Psathyromyia, in which the species was 
included by its authors (in Barrett et  al. 1996) and adopted by Galati (2003a, b). However, it 
was observed in the specimen captured by R. Fernandes the presence of setae on the abdominal 
pleurae, an autapomorphy of the subgenus Tricholateralis, beyond other typical characteristics of 
this group of insects.
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                battistinii (Hertig, 1943) (mf) - PE.
                bicornuta (Blancas & Herrer, 1959/1960) 

(mf) - PE.
                bifoliata Osorno-Mesa, Morales, Osorno & 

Hoyos, 1970 (mf) - CO.
                cavernicola (Costa Lima, 1932) (mf) - BR (TO, 

MG, GO).
                cruzi (Mangabeira, 1938) (mf) - BO, BR (GO, 

MT, MS).
                dispar Martins & Silva, 1963 (mf) - BR (MA, PI, 

SP, GO, MT, MS).
                elizabethrangelae Vilela, Azevedo & Godoy, 2015 

(mf) – BR (TO).
                falquetoi Pinto & Santos, 2007 (m) - BR (ES).
                fonsecai (Costa Lima, 1932) (fm) - BO. (nov. comb; 

Galati  et al. 2011).
                forattinii Galati, Rego, Nunes & Teruya, 1985 

(mf) - BO, BR (MS).
                gaminarai (Cordero et al. 1928) (mf) - BR (PR, 

RS), PY, UY.
                ischnacantha Martins, Souza & Falcão, 1962 

(mf) - BR (MG, DF).
                ischyracantha Martins, Falcão & Silva, 1962 

(mf) - BR (MG, RJ).
                 lichyi (Floch & Abonnenc, 1950) (ELmf) - CR, 

PA, CO, VE, TT, GF, EC, PE, BR (RR, MT).
                  syn. Phlebotomus foliatus Mirsa & Ortiz, 

1952 (Fairchild & Hertig 1952).
                  syn. Phlebotomus vexillarius Fairchild & 

Hertig, 1952 (Floch & Kramer 1965).
                longipalpis (Lutz & Neiva, 1912) (ELPmf) - MX, 

GT, HN, SV, NI, CR, PA, CO, VE, BO, BR (RR, 
AP, PA, AC, RO, TO, MA, PI, CE, RN, PB, PE, 
AL, SE, BA, MG, ES, RJ, SP, GO, MT, MS, DF, 
PR, RS), AR, PY, UY.

                  syn. Phlebotomus almazani Galliard, 1934 
(Fairchild & Hertig 1958).

                  syn. Phlebotomus otamae Nuñez-Tovar, 1924 
(Dyar & Nuñez-Tovar 1926/1927).

               matiasi Le Pont & Mollinedo, 2009 (m) - BO.
               pseudolongipalpis Arrivillaga & Feliciangeli 2001 

(L mf) - VE.
                renei (Martins, Falcão & Silva, 1957) (ELPmf) - 

BR (MG, GO, MS).
                souzalopesi Martins, Silva & Falcão, 1970 

(mf) - BR (ES).
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          Incertae sedis
                Lutzomyia chotensis Galati, Caceres & Zorrila, 

2003 (m) - PE.
               Lutzomyia ignacioi Young, 19723 (mf) - VE, CO.
                Lutzomyia manciola Ibáñez-Bernal, 20014 

(f) - BZ.
               Lutzomyia ponsi Perruollo, 19845 (f) - VE.
                Lutzomyia tanyopsis Young & Perkins, 19846 

(f) - US.

      Migonemyia Galati, 2003 [Type species Migonemyia migonei (França, 
1920)]

          (Migonemyia) s. str.
                migonei (França, 1920) (ELPmf) - CO, VE, TT, 

PE, BO, BR (AP, AM, PA, AC, RO,TO, MA, CE, 
RN, PB, PE, AL, BA, MG, ES, RJ, SP, PR, SC, 
RS, MT, MS, GO), AR, PY.

                  syn. Phlebotomus araozi Paterson & 
Shannon, 1926 (Dyar, 1929).

                  syn. Phlebotomus rangeli Nuñez-Tovar, 1924 
(Dyar & Nuñez-Tovar 1926/1927).

               rabelloi (Galati & Gomes, 1992) (mf) - BR (SP).
                vaniae Galati, Fonseca & Marassá, 2007 (mf) - 

BR (SP).

3 In the classification of Galati (2003a, b) this species was inserted in Psathryromyia (Incertae 
sedis). However, two male and two female paratypes (deposited at the Entomological Collection - 
Smithsonian Institution/Walter Reeed Biosystematic Unit, Suitland, MD, USA) were examined by 
Sábio P.B. (Personal information) who observed in these specimens the presence of the ventro-
cervical sensilla which excludes it from Psathryromyia. The presence of the papilla in fIII was also 
observed, therefore, its insertion in Sergentomyiina should be excluded. On the other hand, three 
characters observed: absence of setae on the anterior region of the katepisternum, ascoids with 
reduced posterior spur and ringed spermathecae are synapomorphies shared with some of the 
subgenera of Lutzomyia, Castromyia, Tricholateralis and Lutzomyia. However, it does not have 
characters which permits its insertion into any of these subgenera.
4 The insertion in Lutzomyia is provisional. No characters of the female were described which 
make it possible to include it more precisely in a given genus, and the male is not known either. 
The inclusion of Lu. manciola in Sciopemyia was suggested by Ibáñez-Bernal (2001). However, 
this genus presents a short head and labrum-epifaringe, so that the sum of both is smaller than that 
of fI + fII, which are long; also, there is no information on the ventro-cervical sensillae, which are 
absent in Sciopemyia (Galati 2003, 36).
5 The insufficient description of the characters of this species and the similarity of their epermathe-
cae with those of Lu. ignacioi led us to include it together with this species. See the previous note.
6 Although Lu. tanyopsis presents ascoids with posterior spur just as Psathyromyia, this character-
istic represents a plesiomorphic state that alone does not allow its inclusion in this genus; more-
over, its very long clypeus also distinguishes it from the species of this group. On the other hand, 
the species of Lutzomyiina and Sergentomyiina do not present ascoids with posterior spur and 
those of this latter subtribe present another palpal formula (Galati 2003a, b, p.36).
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            (Blancasmyia) Galati, 2003 [Type species: Migonemyia 
(Blancasmyia) gorbitzi (Blancas,1955)]

                bursiformis (Floch & Abonnenc, 1944) (mf) - CO, 
VE, GF EC, BR (RR, AM, PA, MA, PI, SP, GO, 
MT, MS).

                  syn. Flebotomus baityi Damasceno, Causey 
& Arouck, 1945, (Galati 2003)7.

                cerqueirai (Causey & Damasceno, 1945) (mf) - 
CO, PE, BR (AM, PA, RO, BA).

                gorbitzi (Blancas, 1959/1960) (mf) - CR, PA, CO, 
EC, PE.

                  syn. Phlebotomus sp. M, Hanson, 1961 
(Martins et al. 1978).

                  syn. Phlebotomus hansoni Fairchild & 
Hertig, 1961 (Christensen & Rutledge 1973).

                moucheti (Pajot & Le Pont, 1978) (mf) - PE, GF, 
BR (AM).

      Pintomyia Costa Lima, 1932 [Type species: Pintomyia fischeri (Pinto 
1926)]

           (Pintomyia) s. str.
                bianchigalatiae (Andrade Filho, Aguiar, Dias & 

Falcão, 1999) (mf) - BR (ES, RJ, SP, MG, PR), AR.
                christenseni (Young & Duncan, 1994) (mf) - PA, 

CO, VE, TT, BR (AP, RR, AM, PA, AC, RO, TO, 
MA, GO, MG, SP, PR, MT, MS, DF).

                damascenoi (Mangabeira, 1941) (mf) - CO, SR, 
GF, BR (RR, AP, AM, PA, AC, RO, MA, BA, 
MG, GO, MT, MS).

                  syn. Phlebotomus spinosus Floch & 
Abonnenc, 1942 (Young & Duncan 1994).

                fischeri (Pinto 1926) (ELPmf) - VE, PE, BO, BR 
(CE, PE, BA, ES, RJ, SP, PR, SC, RS, MG, GO, 
MT, MS, DF), AR, PY.

               gibsoni (Pifano & Ortiz, 1972) (f) - VE.
                kuscheli (Le Pont et al. 1998) (mf) - BO, BR (MS).
                mamedei (Oliveira, Afonso, Dias & Brazil, 1994) 

(f) - BR (RJ, MG, ES, MS).
                pessoai (Coutinho & Barretto, 1940) (ELPmf) - 

BR (BA, MG, ES, RJ, SP, PR, SC, RS, GO, MS), 
AR, PY.

7 The proposal was based on the capture of two males of Mg. baityi (Damasceno, Causey & Arouck, 
1945) along with 3 females identical to Mg. bursiformis (Floch & Abonnenc 1944) in experimental 
chicken in Brejão Farm, municipality of Guaira, State of São Paulo, IV.1976 and in the absence of 
other species that were not known by both sexes (Gomes et al. 1978) (Galati 2003a, b, pg. 37).
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            (Pifanomyia) Ortiz & Scorza, 1963 [Type species: Pintomyia 
(Pifanomyia) serrana (Damasceno and Arouck 1949)]

           Pacae Series Galati, 2003
               gruta (Ryan, 1986) (mf) - BR (PA, RO).
                 pacae (Floch & Abonnenc, 1943) (mf) - SR, GF, 

BR (RR, AP, AM, PA, RO, MA).
           Monticola Series Galati, 2003
                misionensis (Castro, 1959) (mf) - BR (TO, BA, 

ES, RJ, SP, PR, RS, MG, GO, MS), AR, PY.
                  syn. Lutzomyia coelhoi Coelho, Falcão & 

Falcão, 1967 (nomen nudum, Martins et al. 
1978).

                  syn. Phlebotomus sp. Bejarano & Duret, 
1950 (Castro 1959).

                 monticola (Costa Lima, 1932) (ELPmf) - PE, 
BR (PA, BA, MG, ES, RJ, SP, PR, SC, RS, MS), 
AR, PY.

                  syn. Lutzomyia paulwilliamsi Martins, Falcão 
& Silva, 1977 (Young & Duncan 1994).

           Pia Series Galati, 2003
                emberai (Bejarano, Duque & Vélez, 2004) 

(f) - CO.
                limafalcaoae Wolff & Galati, 2002 (mf) - CO.
                pia (Fairchild & Hertig, 1961) (mf) - CR, PA, 

CO, VE, PE, BO.
               reclusa (Fernández & Rogers, 1991) (mf) - PE.
                suapiensis (Le Pont, Torrez-Espejo & Dujardin, 

1997 (f) - PE, BO.
                 tihuiliensis (Le Pont, Torrez-Espejo & Dujardin, 

1997) (f) - PE, BO, CO.
                tocaniensis (Le Pont, Torrez-Espejo & Dujardin, 

1997 ) (f) - PE, BO.
                torrealbai (Martins, Fernandez & Falcão, 1979) 

(m) - VE.
               valderramai (Cazorla, 1988) (m) - VE.

           Verrucarum Series Fairchild, 1955
                andina (Osorno, Osorno-Mesa & Morales, 1972) 

(mf) - CO.
                antioquiensis Wolff & Galati, 2002 (m) - CO.
                aulari (Feliciangeli, Ordoñez & Manzanilla, 

1984) (mf) - VE.
                cajamarcensis (Galati , Cáceres & Le Pont, 1995) 

(mf) - PE.
                columbiana (Ristorcelli & Van Ty, 1941) (mf) - CO.
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                   syn. Phlebotomus monticolus var. incarum 
Ristorcelli & Van Ty, 1941 (Rozeboom 1947).

                deorsa (Pérez, Ogusuku, Monje & Young, 1991) 
(m) - PE.

                disiuncta (Morales, Osorno & Osorno-Mesa, 
1974) (mf) - CO.

                itza Ibáñez-Bernal, May-UC & Rebollar-Tellez, 
2010 (m) - MX.

                moralesi (Young, 1979) (mf) - CO.
                verrucarum (Townsend, 1913) (ELmf) - PE.

           Evansi Series Galati, 2003
               evansi (Nuñez-Tovar, 1924) (mf) - MX, GT, HN, 

SV, NI, CR, CO, VE, PE.
               maranonensis (Galati, Cáceres & Le Pont, 1995) 

(mf) - EC, PE.
                 nevesi (Damasceno & Arouck, 1956) (mf) - EC, 

CO, PE, BO, BR (PA, AC, RO, MT, MA).
                 ovallesi (Ortiz, 1952) (mfLP) - MX, BZ, GT, HN, 

NI, CR, PA, CO, VE, TT.

           Serrana Series Barretto, 1962
              boliviana (Velasco & Trapido, 1974) (mf) - BO.
                christophei (Fairchild & Trapido, 1950) (mf) - 

DO, HT.
                diazi (Gonzales & Garcia, 1981) (mf) - CU.
                guilvardae (Le Pont et al. 1998) (m) - BO.
                novoae (Gonzales & Garcia, 1981) (mf) - CU.
                 odax (Fairchild & Hertig, 1961) (mf) - GT, HN, 

NI, CR, PA, VE, GF, BR (RO, MA).

                   syn. Lutzomyia dubia Martins, Falcão & 
Silva, 1965 (Forattini 1973).

                oresbia (Fairchild & Hertig, 1961) (mf) - CR, PA.
                orestes (Fairchild & Trapido, 1950) (mf) - CU, 

KY, BR (MA?).
                ottolinai (Ortiz & Scorza, 1963) (mf) - VE.
                piedraferroi (León, 1971) (m) - GT.
                robusta (Galati, Cáceres & Le Pont, 1995) 

(mf) - EC, PE.
                salomoni Fuenzalida & Quintana, 2017 

(mf) - AR.
                 serrana (Damasceno & Arouck, 1949) (mf) - MX, 

BZ, HN, NI, GT, CR, PA, CO, VE, GF, EC, PE, 
BO, BR (AP, RR, AM, PA, AC, RO, MT,MA, BA, 
ES, MG, RJ).
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                  syn. Phlebotomus guayasi Rodriguez, 1956 
(Fairchild & Hertig 1961a).

              torresi (Le Pont & Desjeux, 1991) (mf) - BO, AR.

            Townsendi Series Galati, 2003
                amilcari (Arredondo, 1984) (mf) - VE.
                 longiflocosa (Osorno-Mesa, Morales, Osorno & 

Hoyos, 1970) (mf) - CO.
                nadiae (Feliciangeli, Arredondo & Ward, 1992) 

(mf) - VE.
                  +paleotownsendi Andrade Filho, Falcão, Galati 

& Brazil, 2006 (m) - DO (Fossil, amber, 
Miocene).

                  +paleotrichia Andrade Filho, Brazil, Falcão & 
Galati, 2007 (m) -DO (Fossil, amber, Miocene).

                 quasitownsendi (Osorno, Osorno-Mesa & 
Morales, 1972) (mf) - CO.

                sauroida (Osorno-Mesa, Morales & Osorno, 
1972) (mf) - CO, VE.

                 spinicrassa (Morales, Osorno-Mesa, Osorno & 
Hoyos, 1969) (mf) - CO, VE.

                torvida (Young , Morales & Ferro, 1994) 
(mf) - CO.

                  syn. Lutzomyia sp. de Reventones, Ferro & 
Morales, 1988 (Young & Duncan 1994).

                townsendi (Ortiz, 1959) (mf) - CO, VE.
                 youngi (Feliciangeli & Murillo, 1985) in Murillo 

& Zeledón, 1985 (mf) - CR, CO, VE.

            Incertae sedis

                 +Pintomyia (Pifanomyia) adiketis Poinar, 2008 
(f)) - DO (Fossil, amber, Mioceno).

                 +Pintomyia (Pifanomyia) bolontikui Ibáñez-
Bernal, Kraemer, Stebner & Wagner, 2013 (m) - 
MX (Fossil, amber Simojovel, Chiapas, 
Miocene).

                 +Pintomyia (Pifanomyia) brazilorum Andrade 
Filho, Galati & Falcão 2006 (m) - DO (Fossil, 
amber, Miocene).

                 Pintomyia (Pifanomyia) diamantinensis (Barata, 
Serra e Meira & Carvalho,2012) comb. nov. 
(mf) - BR (MG).

                 +Pintomyia (Pifanomyia) dissimilis Andrade 
Filho, Serra e Meira, Sanguinette & Brazil, 2009 
(m) - DO (Fossil, amber, Miocene).
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                 +Pintomyia (Pifanomyia) dominicana Andrade 
Filho, Galati & Brazil, 2009 (m) - DO (Fossil, 
amber, Miocene).

                 +Pintomyia (Pifanomyia) falcaorum Brazil & 
Andrade Filho, 2002 (m) -DO (Fossil, amber, 
Miocene).

                 +Pintomyia (Pifanomyia) filipalpis (Peñalver & 
Grimaldi, 2005) (m) -DO (Fossil, amber, 
Miocene).

                 +Pintomyia (Pifanomyia) killickorum Andrade 
Filho & Brazil 2004 (m) -DO (Fossil, amber, 
Miocene).

                 Pintomyia (Pifanomyia) maracayensis (Nuñez-
Tovar, 1924)8 (m) - VE.

                 +Pintomyia (Pifanomyia) miocena (Peñalver & 
Grimaldi, 2005) (m) - DO (Fossil, amber, 
Miocene).

                 Pintomyia (Pifanomyia) naiffi (Freitas & Oliveira, 
2013), n. comb. (m) -BR (AC).

                 Pintomyia (Pifanomyia) nuneztovari (Ortiz, 1954) 
(mf) - GT, HN, PA, CO, VE, PE, BO.

                   syn. Lutzomyia nuneztovari anglesi Le Pont 
& Desjeux, 1984 (Young & Duncan 1994).

                 +Pintomyia (Pifanomyia) paleopestis (Peñalver 
& Grimaldi, 2005) (m) -DO (Fossil, amber, 
Miocene).

                 Pintomyia (Pifanomyia) rangeliana (Ortiz, 1953) 
(mf) - PA, CO, VE, TT.

                Pintomyia sp. de Anchicaya (Young, 1979) (m) 
-CO, EC.

                 +Pintomyia (Pifanomyia) succini (Peñalver & 
Grimaldi, 2005) (m) -DO (Fossil, amber, 
Miocene).

       Dampfomyia Addis, 1945 [Type species: Dampfomyia anthophora 
(Addis, 1945)]

                syn. (Anthophorus) León, 1971 (the subgenus 
was characterized and the type species was not 
designated) (Galati 2003).

            (Coromyia) Barretto, 1962 [Type species D. (Coromyia) 
vespertilionis (Fairchild & Hertig, 1947)]

8 Male insufficiently described; however, the characteristicss of the genitalia designed suggest that 
the species belonged to the series Townsendi (see identification keys for series of species).
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                aquilonia (Fairchild & Harwood, 1961) (mf) - 
CA, US.

                beltrani (Vargas & Díaz-Nájera, 1951) (mfELP) - 
MX, HN.

                deleoni (Fairchild & Hertig, 1947) (mf) - MX, 
BZ, GT, HN, SV, CR.

               disneyi (Williams, 1987) (mf) - BZ, GT.
                  syn. Lutzomyia beltrani “Belize Form” 

Williams, 1976 (Williams 1987).
                isovespertilionis (Fairchild & Hertig, 1958) 

(mf) - CR, PA, CO.
                steatopyga (Fairchild & Hertig, 1958) (mf) - MX.
                vesicifera (Fairchild & Hertig, 1947) (mf) - NI, 

CR, PA.
                vespertilionis (Fairchild & Hertig, 1947) (mf) - 

NI, CR, PA, CO, EC.
                viriosa (Fairchild & Hertig, 1958) (mf) - CR, PA.
                zeledoni (Young & Murillo, 1984) (mf) - HN, 

NI, CR.

           Delpozoi Group Young & Fairchild, 1974
                delpozoi (Vargas & Díaz-Nájera, 1953) (mf) - 

MX, BZ, GT.
                inusitata (Fairchild & Hertig, 1961) (mf) - MX.
                sp. de Suchitepequez (Young & Duncan, 1994) 

(mf) - GT.
                  syn. Lutzomyia piedraferroi Young & Duncan, 

1994 non León, 1971 (Galati 2003).

           (Dampfomyia) s. str.
                anthophora (Addis, 1945) (ELPmf) - US, MX, NI.
                atulapai (León, 1971) (mf) - MX, GT, SV.
                 dodgei (Vargas & Diaz-Nájera, 1953) (mf) - MX, 

SV. Revalidated by Young & Duncan (1994).
                insolita (Fairchild & Hertig, 1956) (mf) - CR, PA.
                 syn. Phlebotomus rubidulus Fairchild & 

Hertig, 1956 (Christensen & Rutledge 1973).

                 leohidalgoi (Ibáñez-Bernal, Hernández-Xoliot & 
Mendoza, 2006) (mf) -MX.

                permira (Fairchild & Hertig, 1956) (mf) - MX, 
BZ, GT.

                 syn. Phlebotomus tikalaensis León, 1971 
(Young & Duncan 1994).

               rosabali (Fairchild & Hertig, 1956) (mf) - CR, 
PA, CO.
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           Incertae sedis

                Dampfomyia caminoi (Young & Duncan, 1994) 
(mf) - MX.

     Expapillata Galati, 2003 [Type species: Expapillata firmatoi (Barretto, 
Martins & Pellegrino, 1956)]

            cerradincola (Galati, Nunes, Oshiro & Dorval, 1995) (mf) 
-BO, BR (TO, MG, MT, MS).

            firmatoi (Barretto, Martins & Pellegrino, 1956) (mf) - BR 
(MG, ES, RJ, SP, PR, SC, RS), AR.

     Pressatia Mangabeira, 1942, [Type species: Pressatia triacantha 
(Mangabeira, 1942)]

            calcarata (Martins & Silva, 1964) (mf) - VE, PE, BO, BR 
(AC, RO).

           camposi (Rodríguez, 1950) (mf) - NI, CR, PA, CO, EC.
               syn. Phlebotomus acanthobasis Fairchild & 

Hertig, 1952 (Fairchild & Hertig 1958).
                 syn. sp. O Floch & Abonnenc, 1953  

(Martins et al. 1978).
            choti (Floch & Abonnenc, 1941) (Pmf) - CO, EC, PE, BO, 

SR, GF, BR (AP, RR, AM, PA, AC, RO, TO, MA, PE, AL, 
SE, BA, MG, ES, SP, MT).

            duncanae (Le Pont, Martinez, Torrez-Espejo & Durjardin, 
1998) (mf) - BO, CO, PE.

               syn. Lutzomyia (Pressatia) sp. 1 Young & Morales 
1987 (Le Pont et al. 1998).

            dysponeta (Fairchild & Hertig, 1952) (mf) - CR, PA, CO, 
VE, EC, BR (MT).

           equatorialis (Mangabeira, 1942) (m) - GF, BR (PA, MG, ES).
            triacantha (Mangabeira, 1942) (ELPmf) - CO, EC, VE, GF, 

PE, BR (RR, AM, PA, AC, RO, MA, MT).
            trispinosa (Mangabeira, 1942) (m) - PE, GF, BR (RR, AP, 

AM, PA, RO, MA, SP?).

     Trichopygomyia Barretto, 1962 [Type species: Trichopygomyia longispina 
(Mangabeira, 1942)]

            conviti (Ramirez-Pérez, Martins & Ramirez, 1976) 
(mf) - CO, VE, BR (AM).

            dasypodogeton (Castro, 1939) (mf) - BO, BR (RR, AM, PA, 
AC, RO, TO, MT).

           depaquiti (Gantier, Gaborit & Rabarison, 2006) (m) -GF.
           elegans (Martins, Llanos & Silva, 1976) (mf) -PE, BR (AC).
           ferroae (Young & Morales, 1987) (mf) - CO.
           gantieri (Le Pont & Desjeux, 1987) (mf) - BO.
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            longispina (Mangabeira, 1942) (ELmf) - CO, VE, GF, BR 
(RR, AM, PA, RO, PE, BA, MG, ES, RJ, MT).

           martinezi (Young & Morales, 1987) (mf) - CO.
            pinna Feliciangeli, Ramirez-Pérez & Ramirez, 1989) 

(mf) - VE, BR (RR, AM).
           ratcliffei (Arias, Ready & Freitas, 1983) (m) - BR (AM)
            rondoniensis (Martins, Falcão & Silva, 1965) (m) -BO, 

BR (AM, RO, MT).
            trichopyga (Floch & Abonnenc, 1945) (mf) - SR, GF, BR 

(RR, AP, AM, PA, RO, BA).
            triramula (Fairchild & Hertig, 1952) (LPmf) -MX, BZ, GT, 

CR, PA, CO, EC.
            turelli (Fernández, Galati, Carbajal & Watts, 1998) (mf) - PE.
            wagleyi (Causey & Damasceno, 1945) (mf) - CO, VE, BO, 

BR (AM).
           witoto (Young & Morales, 1987) (m) - CO, EC.

     Evandromyia Mangabeira, 1941 [Type species: Evandromyia infraspinosa 
(Mangabeira, 1941)]

           (Aldamyia) Galati, 2003 [Type species: Evandromyia 
(Aldamyia) walkeri (Newstead, 1914)]

                aldafalcaoae (Santos, Andrade Filho & Honer, 
2001) (mf) - BR (MS), AR.

                andersoni (Le Pont & Desjeux, 1988) (mf) - BO, 
BR (AC, MT).

                apurinan Shimabukuro, Figueira & Silva, 2013 
(mf) -BR (AM).

                 bacula (Martins, Falcão & Silva, 1965) (mf) BO, 
BR (AM, PA, AC, RO, TO, MA, MG, PR, GO, 
MT, DF).

                 carmelinoi (Ryan et al. 1986) (mf) - BR (RR, PA, 
TO, MA, PI, SP, PR, MG, GO, MS, MT).

                  syn. Lutzomyia sp. 222.12 Ryan, 1986 
(Young & Duncan 1994).

                dubitans (Sherlock, 1962) (mf) - CR, PA, CO, 
VE, TT, BR (RR, AM, MT).

                  syn. Phlebotomus marajoensis Fairchild & 
Hertig, 1961, non Damasceno & Causey, 
1944 (Feliciangeli 1985).

                 evandroi (Costa Lima & Antunes, 1936) (mf) - 
BR (RR, AM, AP, PA, AC, RO, TO, MA, PI, CE, 
RN, PB, PE, AL, BA, ES, PR, MG, GO, MT, MS, 
DF), AR.

                hashiguchii Leon, Teran, Neira & Le Pont, 2009 
(m) - EC.
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                 lenti (Mangabeira, 1938) (ELPmf) - SR, BO, BR 
(PA, TO, MA, PI, CE, RN, PB, PE, AL, BA, MG, 
ES, RJ, SP, PR, GO, MT, MS, DF).

                  syn. Lutzomyia lentioides Forattini, 1971; new 
name for P. pinottii Lucena, non P. pinottii 
Damasceno & Arouck (Martins et al. 1978).

                  syn. Phlebotomus pinottii Lucena, 1960, non 
Damasceno & Arouck, 1956 (Forattini 1973).

                 orcyi Oliveira, Sanguinette, Almeida & Andrade 
Filho, 2015 (mf) -BR (MS).

                 sericea (Floch & Abonnenc, 1944) (mf) - EC, 
CO, VE, SR, GF, BR (RR, AP, AM, PA, AC, RO, 
CE, BA, ES, MT).

                  syn. Flebotomus deanei Damasceno, Causey 
& Arouck, 1945 (Floch & Abonnenc 1952).

                sp. de Baduel (Floch & Abonnenc, 1945) (fm) - 
GF, CO, SR, BR (AP, PA?, RO?, MA?).

                termitophila (Martins, Falcão & Silva, 1964) (mf) 
-BO, BR (PA, AC, RO, TO, MA, PI, AL, BA, 
MG, ES, RJ, SP, GO, MS, MT), AR.

                walkeri (Newstead, 1914) (mf) - PA, CO, VE, 
TT, GF, EC, PE, BO, BR (AP, RR, AM, PA, AC, 
RO, TO, MA, PI, CE, RN, PB, AL, PE, MG, RJ, 
GO, MT) PY.

                  syn. Phlebotomus marajoensis Damasceno 
& Causey, 1944 (Forattini 1973).

                  syn. Phlebotomus gasti Sherlock, 1962 
(Young 1979).

                 williamsi (Damasceno, Causey & Arouck, 1945) 
(mf) - VE, PE, BR (RR, AP, AM, PA, AC, RO).

           (Evandromyia) s. str.
            Infraspinosa Series
                 begonae (Ortiz & Torrez, 1975) (mf) - CO, VE, 

BR (RR, AM, PA, RO, TO, MT).
                 bourrouli (Barretto & Coutinho, 1941) (mf) - BO, 

BR (AM,AP,AC,PA, RO, MA, SP, GO, MT, MS).
                 brachyphalla (Mangabeira, 1941) (mf) - GF, BR 

(AP, PA, MA, RO, TO).
                georgii (Freitas & Barrett, 2002) (mf) - BR (RR, 

AM, PA, AC, RO).
                 infraspinosa (Mangabeira, 1941) (mf) - CO, VE, 

PE?, SR, GF, BO, BR (RR, AP, AM, PA, AC, RO, 
MA, MT).

                inpai (Young & Arias, 1977) (mf) - VE, BR (RR, 
AP, AM, RO, PA).

Phlebotominae (Diptera, Psychodidae): Classification, Morphology and Terminology…



46

                ledezmaae Leon, Teran, Neira & Le Pont, 2009 
(m) - EC.

                 pinottii (Damasceno & Arouck, 1956) (mf) - VE, 
GF, BR (PA, RO, TO, MA).

                 Lutzomyia aroucki Barretto, 1962; new name 
for F. pinottii

                 Damasceno & Arouck [(unnecessary new 
name (Young & Arias 1977)].

                 sipani (Fernández, Carbajal, Alexander & Need, 
1994) (m) -CO, PE, BR (AM).

                 tarapacaensis (Le Pont, Torrez-Espejo & Galati, 
1997) (m f) -BO, BR (PA, AC).

            Saulensis Series Lewis et al. 1977
               saulensis (Floch & Abonnenc, 1944) (mfL) - CR, 

PA, CO, VE, GF, EC, PE, BO, BR (AP, RR, AM, 
PA, AC, RO, TO, MA, PI, CE, GO, MT, MS, DF).

                  syn. Phlebotomus pinealis Floch & 
Abonnenc, 1944 (Fairchild & Hertig, 1958)

                 wilsoni (Damasceno & Causey, 1945) (mf) - BR 
(AM, AC, RO, MA, MT).

            Rupicola Series Young & Fairchild, 1974
                correalimai (Martins, Coutinho & Luz, 1970) 

(mf) - BR (SP, PR, RS).
                gaucha Andrade Filho, Souza & Falcão, 2007 

(f) - BR (RS).
                 grimaldii Andrade Filho, Pinto, Santos & 

Carvalho, 2009 (mf) - BR (ES).
                rupicola (Martins, Godoy & Silva, 1962) (mf) - 

BR (RJ, SP, MG).
                tylophala Andrade & Galati, 2012 (mf) -BR (MG).

            (Barrettomyia) Martins & Silva, 1968 [Type species: 
Evandromyia (Barrettomyia) tupynambai (Mangabeira, 
1942)]

            Monstruosa Series Lewis et al. 1977
                 monstruosa (Floch & Abonnenc, 1944) (mf) - 

CO, VE, SR, GF, BR (RR, AP, AM, PA, AC, RO, 
MA, GO, MT).

                  syn. Phlebotomus falciformis Floch & 
Abonnenc, 1944 (Fraiha et al. 1970).

                 teratodes (Martins, Falcão & Silva, 1964) 
(mf) - BR (TO, MA, MG, GO, MT, MS, DF), PY.

            Tupynambai Series
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                bahiensis (Mangabeira & Sherlock, 1961) 
(mfP) - BR (BA).

                callipyga (Martins & Silva, 1965) (mf) - BR 
(MG, ES).

                costalimai (Mangabeira, 1942) (mf) - BR (BA, 
MG, ES, RJ).

                petropolitana (Martins & Silva, 1968) (mf) - BR 
(MG, ES, RJ, SP).

                 tupynambai (Mangabeira, 1942) (mfLP) - BR 
(PB, AL, PE, BA, ES, RJ, MG).

            Cortelezzii Series Galati, 2003
                 cortelezzii (Brèthes, 1923) (mf) - PE, BO, BR 

(AC, TO, MA, CE, BA, MG, ES, RJ, SP, PR, RS, 
MT, MS,GO), AR, PY, UY.

                 corumbaensis (Galati, Nunes, Oshiro & Rego, 
1989) (mf) -BO, BR (TO, MA, AL, MT, MG, 
GO, MS, DF), AR.

                 sallesi (Galvão & Coutinho, 1939) (mf) - EC, PE, 
BO, BR (AC, TO, MA, CE, RN, PE, AL, SE, BA, 
MG, ES, RJ, SP, PR, MT, MS, GO, DF), AR, PY.

                 spelunca Carvalho, Brazil, Sanguinette & 
Andrade Filho, 2011 (mf) - BR (MG).

            Incertae sedis

                 Evandromyia (Barrettomyia) edwardsi 
(Mangabeira, 1941) (mf) - BR (MA, BA, MG, 
ES, RJ, SP, PR, SC).

    PSYCHODOPYGINA Galati, 2003 (Type genus: Psychodopygus 
Mangabeira, 1941)

                Psathyromyia Barretto, 1962 [Type species: 
Psathyromyia shannoni (Dyar,1929)]

            (Forattiniella) Vargas, 1978 [Type species: Psathyromyia 
(Forattiniella) lutziana (Costa Lima, 1932)]

                 syn. (Oophoromyia) Artemiev, 1991 
[Type-species: Pa. (Oophoromyia) aragaoi 
(Costa Lima, 1932)] (Galati 1995)

                abunaensis (Martins, Falcão & Silva, 1965) 
(mf) - EC, CO, PE, BO, BR (AM, AC, RO).

                antezanai (Le Pont, Dujardin, Mouchet & 
Desjeux, 1990) (mf) - BO.

                aragaoi (Costa Lima, 1932) (mf) - CR, PA, CO, 
VE, TT, GF, EC, PE, BO, BR (RR, AP, AM, PA, 
AC, RO, TO, MA, PE, BA, MG, RJ, SP, PR, GO, 
MT, MS, DF), PY.
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                 syn. Phlebotomus heckenrothi Floch & 
Abonnenc, 1942 (Forattini 1973).

                barrettoi barrettoi (Mangabeira, 1942) (mf) - CO, 
TT, SR, GF, EC, PE, BO, BR (RR, AP, AM, PA, 
RO, PE, BA, MG, RJ, GO, MT).

                  syn. Phlebotomus sp. de Maripa Floch & 
Abonnenc, 1946 (Young 1979).

                barrettoi majuscula (Young, 1979) (mf) - HN, SV, 
NI, CR, PA, CO, EC.

                brasiliensis (Costa Lima, 1932) (LPmf) - GF, PE, 
BR (RR, AM, PA, AC, RO, TO, MA, CE, AL, PE, 
BA, MG, RJ, SP, GO, MT, DF).

                campograndensis (Oliveira, Andrade Filho, Falcão 
& Brazil, 2001) (mf) - GF, BR (RR, AP, AM, MS), 
AR.

                  syn. Phlebotomus sp. n° 768 Floch & 
Chassignet, 1948 (Galati 2003).

                carpenteri (Fairchild & Hertig, 1953) (mfL) - MX, 
BZ, CR, PA, CO.

                castilloi Leon, Mollinedo & Le Pont, 2009 
(m) - EC, BO, GF.

                coutinhoi (Mangabeira, 1942) (m) - PE,BO, BR 
(AM, PA, RO, MT).

                elizabethdorvalae Brilhante, Sábio & Galati, 2016 
(mf) - BR (AC).

                 inflata (Floch & Abonnenc, 1944) (mf) - GF, BO, 
BR (AP, AM, PA, RO, MT).

                 lutziana (Costa Lima, 1932) (mf) - CO, VE, SR, 
GF, PE, BO, BR (RR, AP, AM, PA, AC, RO, TO, 
MA, BA, MG, ES, RJ, SP, GO, MT, MS, DF), PY.

                  syn. Phlebotomus sp. de Cayenne, Floch & 
Abonnenc, 1945 (Forattini 1973).

                 naftalekatzi (Falcão, Andrade Filho, Almeida & 
Brandão-Filho, 2000) (mf) - BR (PE).

                 pascalei (Coutinho & Barretto, 1940) (mfP) - BR 
(TO, BA, MG, ES, RJ, SP, PR, RS), AR.

                 pradobarrientosi (Le Pont, Matias, Martinez & 
Dujardin, 2004 (M) - BO, BR (AC, MS).

                 runoides (Fairchild & Hertig, 1953) (mfL) - CR, 
PA, CO, EC, PE, BR (RR, AM, AC, RO, TO, 
MG, MT).

                 +schleei (Peñalver & Grimaldi, 2005) (m) - DO 
(Fossil, amber - Miocene).

                texana (Dampf, 1938) (mf) - US, MX.
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          (Xiphopsathyromyia) Ibánez-Bernal & Marina, 2015 [Type 
species: Psathryromyia (Xiphopsathyromyia) aclydifera 
(Fairchild & Hertig, 1952)]

                  new name for (Xiphomyia) Galati 2003 non  
Townsend, 1917.

                 aclydifera (Fairchild & Hertig, 1952) (LPmf) - 
MX, BZ, HN, GT, NI, CR, PA, CO, EC, BO.

                 dreisbachi (Causey & Damasceno, 1945) (mf) - 
CO, EC, VE, SR, GF, PE, BO, BR (AP, AM, RR, 
AM, PA, AC, RO, MT).

                  syn. Phlebotomus sp. de Crique Anguille 
Floch & Abonnenc, 1945 (Floch & 
Abonnenc 1952).

                 hermanlenti (Martins, Silva & Falcão, 1970) 
(mf) - BR (TO, MA, MG, GO, MT, MS, SP).

                ruparupa (Martins, Llanos & Silva, 1976) 
(mf) - PE, BO.

          (Psathyromyia) s.str.
          Lanei Series Theodor,1965
                digitata (Damasceno & Arouck, 1950) (m) - BR 

(BA).
                 lanei (Barretto & Coutinho, 1941) (ELPmf) - BR 

(BA, MG, ES, RJ, SP, PR, SC, RS, MS), AR, PY.
                 pelloni (Sherlock & Alencar, 1959) (mf) - BR 

(BA, MG, ES, RJ, SP, PR, SC).

          Shannoni Series Fairchild, 1955
                abonnenci (Floch & Chassignet, 1947) (mf) - PA, 

CO, VE, SR, GF, EC, PE, BO, BR (AP, RR, AM, 
PA, AC, RO, TO, MA, CE, GO, MT).

                baratai Sábio, Andrade & Galati, 2015 (mf) - BR 
(SP, MG, PR), AR.

                barretti Alves & Freitas, 2015 (mf) - BR (AM).
                 bigeniculata (Floch & Abonnenc, 1941) (mf)9 - 

GF, BR (AP, AM, PA, RO?, AC,TO? MA?, PI?, 
CE?, RN?, PB? PE? BA, MG, ES, RJ?, SP, MT, 
MS, GO?, DF, PR?, SC?, RS), AR, PY? 
Revalitaded from the synonymy of Pa. Shannoni 
by Sábio et al. (2014).

                  syn. Phlebotomus microcephalus Barretto & 
Duret, 1953 (Sábio et al. 2016).

9 Their occurrence in the Brazilian states is with question mark as well as Paraguay yet need con-
firmation, because the species were reported as Pa. shannoni.
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                 campbelli (Damasceno, Causey & Arouck, 1945) 
(mf) - CO, VE, GF, PE, BO, BR (RR, AM, PA, 
AC,RO, TO, MT, MS, GO).

                cratifer (Fairchild & Hertig, 1961) (mf) - MX, 
BZ, HN, CR, PA.

                 dasymera (Fairchild & Hertig, 1961) (Lmf) - MX, 
BZ, NI, CR, PA, CO, VE, EC, BR (AM, RO, TO, 
MT).

                 dendrophyla (Mangabeira, 1942) (mf) - CO, VE, 
SR, GF, EC, PE, BO, BR (RR, AP, AM, PA, AC, 
RO,TO, MA, MT, MG).

                guatemalensis (Porter & Young, 1986) (mf) - GT.
                 lerayi (Le Pont, Martinez, Torrez-Espejo & 

Dujardin, 1998) (m) - BO, CO.
                 limai (Fonseca 1935) (ELPmf) - BR (MG, ES, 

SP). Revalidated by Sábio et al. (2014).
                  syn. Phlebotomus pestanai (Barretto & 

Coutinho, 1941) (Sábio et al. 2014).
                 punctigeniculata (Floch & Abonnenc, 1944) 

(mf) - PA, CO, VE, SR, GF, EC, PE, BO, BR 
(RR, AM, PA, AC, RO, TO, MA, MT, MS GO, 
SP), AR.

                  syn. Phlebotomus christophersoni 
Damasceno & Causey, 1944 (Fairchild & 
Hertig 1950).

                ribeirensis Sábio, Andrade & Galati, 2014 
(mf) - BR (SP).

                 scaffi (Damasceno & Arouck, 1956) (mf) - CO, 
SR, GF, PE, BO, BR (RR, AP, AM, PA, AC, RO, 
MA, MT).

                 shannoni (Dyar, 1929) (mfELP)10 - US, MX, BZ, 
GT, HN, NI, CR, PA, CO, VE.

                soccula (Fairchild & Hertig, 1961) (m) - CR, PA.
                souzacastroi (Damasceno & Causey, 1944) 

(m) - BR (AM).
                 undulata (Fairchild & Hertig, 1950) (mf) - MX, 

GT, BZ, HN, SV, CR, PA, CO, EC, BO.
                  syn. Phlebotomus humboldti Vargas & 

Díaz-Nájera, 1959 (Rosabal & Trejos 1964).

10 There is a wide geographical distribution indicated for this species, possibly, its actual occur-
rence is limited to the trans-Andean and Andean regions. In countries with trans-Andean, Andean 
and cis-Andean areas, studies are needed to identify the limit of its distribution. In cis-Andean 
areas where Pa. shannoni has been identified, it is possible that most of the specimens belong to 
Pa. bigeniculata.
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                volcanensis (Fairchild & Hertig, 1950) (mf) - CR, 
PA, BO.

    Incertae sedis

           Psathyromyia maya Ibáñez-Bernal, May-UC & Rebollar-
Tellez, 2010 (f) - MX.

           Psathyromyia pifanoi Ortiz, 1972 (Martins et al. 1978)  
(mf) - CO, VE, PE, BR (AM, PA, AC).

                syn. Lutzomyia cuzquena (Martins, Llanos & 
Silva, 1975) (Sábio et al. 2016).

     Viannamyia Mangabeira, 1941 [Type species: Viannamyia tuberculata 
(Mangabeira, 1941)]

            caprina (Osorno-Mesa, Morales & Osorno, 1972) (mf) - 
HN, NI, CR, PA, CO, PE.

           fariasi (Damasceno, Causey & Arouck, 1945) (m) - GF, BR 
(AM, PA).

            furcata (Mangabeira, 1941) (L? P? mf) - CR, CO, VE, GF, 
EC, PE, BO, BR (RR, AP, AM, PA, AC,RO, TO, MA, PE, 
BA, MT, MS).

               syn. Phlebotomus arborealis Floch & Abonnenc, 
1944 (Barretto 1962).

            tuberculata (Mangabeira, 1941) (mf) - PA, CO, VE, SR, GF, 
PE, BO, BR (RR, AP, AM, PA, AC, RO, TO, MA, PE, BA, 
MT).

               syn. Phlebotomus sp. X, Floch & Abonnenc, 1944 
(Barretto 1946a).

               syn. Lutzomyia munangai Wijers & Huisenga, 
1967 (Lewis 1975).

     Martinsmyia Galati, 2003 [Type species: Martinsmyia alphabetica 
(Fonseca, 1936)]

          Alphabetica Group Fairchild, 1955
                alphabetica (Fonseca, 1936) (ELPmf) - BR (SP, 

PR, SC, RS), AR, PY.
                brisolai (Le Pont & Desjeux, 1987) (mf) - BO, 

BR (MT).
                minasensis (Mangabeira, 1942) (mf) - BR (TO, 

MG, RJ).
                mollinedoi (Le Pont & Desjeux, 1991) (mf) - BO.
                 oliveirai (Martins, Silva & Falcão, 1970) (mf) - 

BR (PA, TO, MA, PI, MG, GO, MT, MS).
                pisuquia (Ogusuku, Guevara, Revilla, Inga & 

Pérez, 2001) (mf) - PE.
                quadrispinosa (Floch & Chassignet, 1947) 

(m) - GF.
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                   syn. Phlebotomus sp. 1 de Baduel Floch & 
Abonnenc, 1947 (Floch & Abonnenc 1952).

                 reginae Carvalho, Brazil, Sanguinette & Andrade 
Filho, 2010 (MF) - BR (TO).

                waltoni (Arias, Freitas & Barrett, 1984) (mf) - 
BR (RO).

          Gasparviannai Group Young & Fairchild, 1974
                cipoensis (Martins, Falcão & Silva, 1964) 

(mf) - BR (MG).
                 gasparviannai (Martins, Godoy & Silva, 1962) 

(mf) - BR (BA, MG, ES, RJ).
     Bichromomyia Galati, 2003 [Type species: Bichromomyia flaviscutellata 

(Mangabeira, 1942)]
                 flaviscutellata (Mangabeira, 1942) (E L Pmf) - 

CO, VE, TT, SR, GF, EC, PE, BO, BR (RR, AP, 
AM, PA, AC, RO, TO, MA, CE, BA, ES, RJ, SP, 
MG, MS, MT, GO, DF).

                  syn. Phlebotomus apicalis Floch & 
Abonnenc, 1943 (Barretto 1946a).

                inornata (Martins, Falcão & Silva, 1965) (m) - BO, 
BR (AM, RO, MA).

                 olmeca olmeca (Vargas & Díaz-Nájera, 1959) 
(mf) - MX, BZ, GT, HN, NI, CR.

                olmeca bicolor (Fairchild & Theodor, 1971) 
(mfELP) - CR, PA, CO, VE, EC, PE, BR (RR, 
AM, PA, AC, MT).

                olmeca nociva (Young & Arias, 1982) (mf) - PE, 
BR (AM, PA, MA, MT).

                reducta (Feliciangeli, Ramirez Pérez & Ramirez, 
1988) (mf) - CO, VE, PE, BR (AM, AC, RO).

     Psychodopygus Mangabeira, 1941 [Type species: Psychodopygus chagasi 
(Costa Lima, 1941)]

          Arthuri Series Barretto, 1962
                  syn. (Eupsychodopygus) Artemiev, 1991 

[Espécie-tipo: Psychodopygus 
(Eupsychodopygus) arthuri (Fonseca, 1936)].

                arthuri (Fonseca, 1936) (LPmf) - BR (MA, RJ, SP).
                lloydi (Antunes, 1937) (mf) - BR (MA, MG, RJ, 

SP, PR).
                  syn. Flebotomus rachoui Damasceno & 

Arouck, 1956 (Galati 1981)
                matosi (Barretto & Zago, 1956) (mf) - BR (BA, 

MG, ES, RJ).
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          Davisi Series Barretto, 1962
                amazonensis (Root, 1934) (mf) - CO, VE, SR, 

GF, TT, EC, PE, BO, BR (RR, AP, AM, PA, AC, 
RO, MA, MT).

                  syn. Lutzomyia robini Abonnenc, Arias, 
Léger & Young, 1980) (Lebbe et al. 1987).

                claustrei (Abonnenc, Léger & Fauran, 1979) 
(mf) - CO, VE, SR, GF, PE, BO, BR (RR, AP, 
AM, PA, RO, TO, MA, PE, MT, MS).

                davisi (Root 1934) (Lmf) - CO, VE, SR, GF, EC, 
PE, BO, BR (RR, AP, AM, PA, AC, RO, MA, BA, 
MG, ES, RJ, GO, MS, MT).

                syn. Phlebotomus rooti Mangabeira, 1942 
(Martins et al. 1978).

               parimaensis (Ortiz & Álvarez, 1972) (f) - VE.

          Panamensis Series
                  syn. (Shannonomyia) Dyar, 1929 (Type 

species: Phebotomus (Shannonomyia) 
panamensis Shannon, 1926, non Alexander, 
1920).

                  syn. (Shannonomyiina) Pratt, 1947, new 
name for Shannonomyia, non Alexander, 
1920 (Pratt 1947).

                ayrozai (Barretto & Coutinho, 1940) (mf) - PA, 
CO, VE, TT, GF, EC, PE, BO, BR (RR, AP, AM, 
PA, AC, RO, MA, BA, MG, ES, RJ, SP, PR,SC, 
MT).

                  syn. Lutzomyia tintinabula Christensen & 
Fairchild, 1971 (Young 1979).

                  syn. Lutzomyia sp. de Turure Lewis, 1975 
(Lebbe et al. 1987).

                carrerai carrerai (Barretto, 1946) (mf) - CO, VE, 
EC, PE, BO, BR (RR, AM, PA, AC, RO, MA, 
MT, BA, MG, RJ).

                  syn. Sergentomyia pessoana Barretto, 1955 
(Martins et al. 1978).

                carrerai thula (Young, 1979) (mf) - HN, CR, PA, 
CO, EC.

               fairchildi (Barretto, 1966) (mf) - BR (MG, ES, RJ).
                hirsutus hirsutus (Mangabeira, 1942) (mf) - CO, 

SR, GF, EC, PE, BO, BR (RR, AP, AM, PA, AC, 
RO, MA, BA, MG, ES, RJ, SP, MT).

                syn. Phlebotomus colasbelcouri Floch & 
Chassignet, 1947 (Barretto 1953).
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                  syn. Phlebotomus sp. II de Baduel, Floch, 
1947 (Martins et al. 1978).

                  syn. Phlebotomus sp. C. Velasco, 1973 
(Young 1979).

                hirsutus nicaraguensis (Fairchild & Hertig, 
1961) (mf) - NI, PA, BR (MT?).

                joliveti Le Pont, Leon, Galati & Dujardin, 2009 
(m) - GF.

                llanosmartinsi Fraiha & Ward, 1980 (mf) - PE, 
BO, BR (AM, AC, RO, MT).

                nocticolus (Young, 1973) (mf) - MX, PA, CO, 
GF, EC, PE, BO.

                panamensis (Shannon, 1926) (ELPmf) - MX, BZ, 
GT, HN, NI, CR, PA, CO, VE, SR?, GF, EC, PE, 
BR (RR).

                paraensis (Costa Lima, 1941) (ELmf) - CO, VE, 
SR, GF, EC, PE, BO, BR (RR, AP, AM, PA, AC 
RO, MA, RJ?, MT).

               recurvus (Young, 1973) (mf) - PA, CO.
                yasuniensis Leon, Neira & Le Pont, 2009 

(m) - EC.
                yucumensis (Le Pont, Caillard, Tibayrenc & 

Desjeux, 1986) (mf) - PE, BO, BR (AC, RO).

          Guyanensis Series Barretto, 1962
                corossoniensis (Le Pont & Pajot, 1978) (mf) - 

CR, PA, SR, GF, BR (AM, PA, AC, RO, MA).
               dorlinsis (Le Pont & Desjeux, 1982) (m) - GF.
                francoisleponti Zapata, Depaquit & León 2012 

(mf) - EC. BR (AC).
                geniculatus (Mangabeira,1941) (mfLP) - BZ, GT, 

NI, CR, PA, CO, VE, GF, EC, PE, BO, BR (AP, 
AM, PA, AC, RO, MA, MT, ES, RJ, SP, PR).

                guyanensis (Floch & Abonnenc, 1941) (f) - SR?, 
GF, BR (MT).

                lainsoni Fraiha & Ward, 1974 (mf) - PE, BO, 
BR (PA, AC, RO, MT, GO).

                luisleoni Leon, Mollinedo & Le Pont, 2009 
(m) - EC.

               sp. de Trés Esquinas (Young, 1979) (f) - CO.

          Chagasi Series Barretto, 1962
                bernalei (Osorno-Mesa, Morales & Osorno, 

1967) (mf) - CO, VE, BO, BR (AM).
                chagasi (Costa Lima, 1941) (mf) - CO, VE, PE, 

BR (AP, RR, AM, PA, AC, RO, MT).
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                  syn. Flebotomus (Psychodopygus) unisetosus 
Mangabeira, 1941 (Martins et al. 1968).

                complexus (Mangabeira, 1941) (Emf) - BO, BR 
(AM, PA, RO, MA, MT).

                douradoi (Fé, Freitas & Barrett, 1998) (mf) - BR 
(AM).

               fairtigi (Martins, 1970) (mf) - CO.
                  syn. Phlebotomus (Shannonomyina) 

squamiventris Fairchild & Hertig, 1951 non 
Lutz & Neiva, 1912 (Martins 1970).

                killicki (Feliciangeli, Ramirez-Pérez & Ramirez, 
1988) (mf) - VE.

                leonidasdeanei Fraiha, Ryan, Ward, Lainson & 
Shaw, 1986 (mf) - BR (PA).

                  syn. Psychodopygus sp. no. 401.63, Fraiha 
et al., 1978 (Fraiha et al. 1986).

                squamiventris squamiventris (Lutz & Neiva, 1912) 
(mf) - VE, GY, PE, BR (RR, AM, PA, MA, MT).

                squamiventris maripaensis (Floch & Abonnenc, 
1946) (mf) - SR, GF, BR (AP, RR, AM, PA).

                wellcomei Fraiha, Shaw & Lainson, 1971 
(mfELP) - VE, BR (AM, PA, MA, RN, CE, PE).

          Bispinosus Series Barretto, 1962
                bispinosus (Fairchild & Hertig, 1951) (mf) BZ, 

HN, GT, NI, CR, PA, SR, CO, GF, EC, BR (AP, 
AM, PA, AC, RO, BA, MT).

     Nyssomyia Barretto, 1962 [Type species: Nyssomyia intermedia (Lutz & 
Neiva, 1912)

            anduzei (Rozeboom, 1942) (mfL) - CR, PA, VE, GF, PE, 
BR (RR, AM, AP, PA, AC, RO, MA, MT, BA).

            antunesi (Coutinho, 1939) (Emf) - CO, VE, TT, SR, GF, 
PE, BO, BR (RR, AP, AM, PA, AC, RO, TO,MA, MT, MS).

                syn. Phlebotomus balouroensis Floch & 
Abonnenc, 1944 (Barretto 1946a).

                syn. Phlebotomus intermedius var. acutus Floch 
& Abonnenc, 1942, partim (Barretto 1946a).

                syn. Phlebotomus machicouensis Floch & 
Abonnenc, 1942 (Theodor 1965).

           bibinae (Léger & Abonnenc, 1988) (f) - GF.
           delsionatali Galati & Galvis, 2012 (mf) - BR (MT).
           edentula (León, 1971) (mf) - GT, HN, CR, PA.
           elongata (Floch & Abonnenc, 1945) (m) - GF.
                syn. Phlebotomus intermedius longiductus Floch 

& Abonnenc, 1941 (Floch & Abonnenc 1952).
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                syn. Phlebotomus longiductus Floch & 
Abonnenc, 1944 (Barretto 1950b).

            fraihai (Martins, Falcão & Silva, 1979) (mf) - PE, BO, BR 
(RR, AM, PA, AC, RO, MT, BA, ES). Revalidated by 
Godoy & Galati (2016).

           hernandezi (Ortiz, 1965) (mf) - CO, VE.
            intermedia (Lutz & Neiva, 1912) (ELPmf) - BR (TO, MA, 

PI, RN, PB, PE, AL, SE, BA, MG, ES, RJ, SP, PR, GO, 
MS, MT, DF).

                syn. Phlebotomus lutzi Manson-Bahr, 1925 
(Barretto & Pessôa 1946).

                syn. Phlebotomus mazzai Paterson, 1926  
(Dyar 1929).

            neivai (Pinto, 1926) (mf) - BO, BR (PA, SP, PR, SC, RS, 
MG, MS, GO, DF), AR, PY. Revalidated by Marcondes 
(1996).

            richardwardi (Ready & Fraiha, 1981) (Emf) - CO, EC, PE, 
BO, BR (RR, AP, AM, PA, AC, RO, TO, MA, MT).

                syn. Lutzomyia sp. 260.44, Ward & Ready 1975; 
Lainson et al. 1976 (Ready & Fraiha 1981).

            shawi (Fraiha, Ward & Ready, 1981) (mf) - CO, PE, BO, 
BR (PA, AC, RO, MT).

                syn. Lutzomyia sp. 260.43 Ward et al. 1973,  
Ward & Ready 1975, Fraiha et al. 1978  
(Fraiha et al. 1981).

           singularis (Costa Lima, 1932) (f) - BR (SP).
            sylvicola (Floch & Abonnenc, 1945) (m) - GF, BR (PA, AC).
            syn. Phlebotomus sylvestris Floch & Abonnenc, 1944 non 

Sinton, 1924 (Floch & Abonnenc 1945).
            trapidoi (Fairchild & Hertig, 1952) (Lmf) - GT, HN, NI, 

CR, PA, CO, EC.
            umbratilis (Ward & Fraiha, 1977) (Lmf) - CO, VE, SR, GF, 

PE, BO, BR (RR, AP, AM, PA, AC, RO, MA, CE, PE, MT).
                syn. Lutzomyia sp. 260.31 Ward, 1973  

(Young 1979).
           urbinattii Galati & Galvis, 2012 (mf) - BR (PA, MT).
            whitmani (Antunes & Coutinho, 1939) (ELPmf) - SR, GF, 

PE, BO, BR (AP, AP, AM, PA, AC, PA, AC,RO, TO, MA, PI, 
CE, RN, PB, PE, AL, SE, BA, MG, ES, RJ, SP, PR, RS, GO, 
DF, MT, MS), AR, PY.

                syn. Phlebotomus acutus Floch & Abonnenc, 
1942 (Floch & Abonnenc 1952).

                syn. Phlebotomus intermedius acutus Floch & 
Abonnenc, 1941 partim (Floch & Abonnenc 1952).

            ylephiletor (Fairchild & Hertig, 1952) (LPmf) - MX, BZ, 
GT, HN, NI, CR, PA, CO, EC.

E. A. B. Galati



57

           yuilli yuilli (Young & Porter, 1972) (Emf) - CO, VE, EC, PE.
            yuilli pajoti (Abonnenc, Léger& Fauran 1979) (mf) - CO, 

SR, GF, PE, BR (AP, PA, RO).
                syn. Phlebotomus sp. de Souvenir Floch & 

Abonnenc, 1944 (Abonnenc et al. 1979).

     Trichophoromyia Barretto, 1962 [Type species: Trichophoromyia 
ubiquitalis (Mangabeira, 1942)]

           acostai (Llanos, 1966) (m) - PE.
                syn. Phlebotomus townsendi Llanos, 1964 non 

Ortiz, 1960 (Llanos 1966).
            adelsonsouzai Santos, Silva, Barata, Andrade & Galati, 

2013 (mf) - BR (PA).
           arevaloi Galati & Cáceres, 1999 (m) - PE.
            auraensis (Mangabeira, 1942) (mf) - CO, VE, SR, PE, BO, 

BR (AM, PA, AC, RO, MT).
           beniensis (Le Pont & Desjeux, 1987) (mf) - BO.
            bettinii (Feliciangeli, Ramirez Pérez & Ramirez, 1988) 

(mf) - CO, VE.
            brachipyga (Mangabeira, 1942) (mf) - GF, BR (AP, RR, 

AM, PA, AC, RO).
            castanheirai (Damasceno, Causey & Arouck, 1945) 

(mf) - BR (AM, PA, RO).
           cellulana (Young, 1979) (mf?) - CO, EC.
           clitella (Young & Pérez, 1994) (m) - PE, BR (MT).
                syn. Lutzomyia (Trichophoromyia) sp. 2, Young 

Pérez & Romero, 1985 (Young & Pérez 1994 in 
Young & Duncan 1994).

           dunhami (Causey & Damasceno, 1945) (m) - BR (AM).
            eurypyga (Martins, Falcão & Silva, 1963) (mf) - VE, BR 

(RR, AM, PA, RO).
            flochi (Abonnenc & Chassignet, 1948) (m) - GF, BR (AM, 

AC, RO).
           gibba (Young & Arias, 1994) (m) - BR (AM).
           howardi (Young, 1979) (mf) - CO, PE?, BR (MT).
           incasica (Llanos, 1966) (m) - PE.
                new name for Phlebotomus adleri Llanos, 1964 

non Theodor, 1963 (Llanos 1966).
            ininii (Floch & Abonnenc, 1943) (mf) - SR, GF. BR (AP, AC).
                syn. Phlebotomus sp. Floch & Abonnenc, 1942 

(Martins et al. 1978).
                syn. Phlebotomus sp. B du Gallion, Floch, 1943 

(Barretto 1947).
           lopesi (Damasceno, Causey & Arouck, 1945) (m) - BR (AM).
           loretonensis (Llanos, 1964) (m) - PE, BR (RO).
           meirai (Causey & Damasceno, 1945) (m) - BR (AM).
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            melloi (Causey & Damasceno, 1945 (m) - SR, BR (AM, 
PA, AC) (Revalidated by Young &Duncan (1994).

           napoensis (Young & Rogers, 1984) (mf) - EC.
            nautaensis (Fernandez, Lopez, Cardenas & Requena, 2015) 

(m) - PE
           nemorosa (Young & Pérez, 1994) (m) - PE.
                syn. Lutzomyia (Trichophoromyia) sp. 1 Young, 

Pérez & Romero, 1985 (Young & Perez 1994 in 
Young & Duncan 1994).

            octavioi (Vargas, 1949) (m) - PE, BO, BR (RR, AM, PA, 
RO, MT).

                new name for Phlebotomus affinis Mangabeira, 
1942 non Theodor, 1933 (Vargas 1949)

           omagua (Martins, Llanos & Silva, 1976) (mf) - PE.
           pabloi (Barreto, Burbano & Young, 2002) (mf) - CO. EC.
            pastazaensis (Fernandez, Carbajal, Alexander & Need, 

1993 (mf) - PE.
           readyi (Ryan, 1986) (mf) - BR (AM, PA, RO).
            reburra (Fairchild & Hertig, 1961a, b) (mf) - CR, PA, CO, 

EC.
           reinerti (Young & Duncan, 1994) (m) - BR (PA).
           rostrans (Summers, 1912) (mf) - BR (AM).
            ruifreitasi Oliveira, Teles, Medeiros, Camargo & Pessoa, 

2015 (m) - BR (AC).
            ruii (Arias & Young, 1982) (mf) - CO, BR (RR, AM, PA, 

RO, MT).
           saltuosa (Young, 1979) (m) - CO.
           sinuosa (Young & Duncan, 1994) (m) - PE.
           sp. 1. de Araracuara (Morales & Minter, 1981) (mf) - CO.
            ubiquitalis (Mangabeira, 1942) (mf) - CO, VE, SR, GF, EC, 

PE, BO, BR (RR, AP, AM, PA, AC, RO, MA, MT)
                syn. Phlebotomus basispinosus Barretto & 

Coutinho, 1943 (Theodor 1965).
                syn. Phlebotomus cauchensis Floch & Abonnenc, 

1943 (Barretto 1950a, b).
    velascoi (Le Pont & Desjeux, 1992) (mf) - BO.
            viannamartinsi (Sherlock & Guitton, 1970) (mf) - BR 

(MA, BA).
           wilkersoni (Young & Rogers, 1984) (mf) - EC.

  SUBTRIBE UNDETERMINED

    Edentomyia Galati, Andrade Filho, Silva & Falcão, 2003 (Type species: 
Edentomyia piauiensis Galati, Andrade Filho, Silva & Falcão, 2003)

     piauiensis Galati, Andrade Filho, Silva & Falcão, 2003 (mf) - BR (PI, PA).
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Table 1 Abbreviations of American countries and Brazilian states

American Countries Brazilian States

AR Argentina (AC) Acre
BO Bolivia (AL) Alagoas
BR Brazil (AM) Amazonas
BZ Belize (AP) Amapá
CA Canada (BA) Bahia
CH Chile (CE) Ceará
CO Colombia (DF) Distrito Federal
CR Costa Rica (ES) Espírito Santo
CU Cuba (MA) Maranhão
DO Dominican Republic (MG) Minas Gerais
EC Ecuador (MS) Mato Grosso do Sul
GF French Guyana (MT) Mato Grosso
GP Guadalupe (PA) Pará
GT Guatemala (PB) Paraíba
GY Guyana (PE) Pernambuco
HT Haiti (PI) Piauí
HN Honduras (PR) Paraná
JM Jamaica (RJ) Rio de Janeiro
KY Cayman Islands (RN) Rio Grande do Norte
MQ Martinique (RO) Rondônia
MX Mexico (RR) Roraima
NI Nicaragua (RS) Rio Grande do Sul
PA Panama (SC) Santa Catarina
PE Peru (SE) Sergipe
PR Puerto Rico (SP) São Paulo
PY Paraguay (TO) Tocantins
SR Suriname
SV El Salvador
TT Trinidad and Tobago
US United States of America
UY Uruguay
VE Venezuela
VI Virgin Islands
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 Morphology and Terminology of Adults and Identification 
of the American Taxa

 Morphology and Terminology of Adults

External and internal structures which resist the process of clarification have been 
described for male and female phlebotomines. It is suggested that the reader consult 
Jobbling (1987) who produced an excellent study of male and female Phlebotomus 
papatasi for other characteristics of their internal anatomy.

Beyond the characteristics traditionally used for descriptions as well as in studies 
of the revision of these Diptera and in the proposal for standardized descriptions 
made by the CIPA group (1991), others, resulting from intense morphological study 
with an evolutionary focus, have been introduced to develop a phylogenetic 
approach to the group.

The insects were mounted in lateral and/or dorsal-lateral positions for the obser-
vation of the structures. Emphasis is given, as regards the head, to the characteristics 
of the appendages. The characteristics of the cervix are described here for the first 
time and this allows subdivision of the species into groups. Concerning the thorax, 
beyond the characteristics traditionally used regarding wings, legs and some seta 
tufts, the importance of other elements of chetotaxy, furca and sutures are brought 
out. As for the abdomen, information regarding seta covering and the presence of 
papillae on the tergites of the males has been expanded. As regards some of the 
common characteristics presented in descriptions of females, but also mainly of 
male genitalia, a new terminology has been adopted for them, approximating more 
closely to that used for Diptera in general.

As for the female genitalia, some new structures on the VIII and IX tergites, use-
ful in distinguishing species and groups, will be presented here.

The points of reference for orientation as to what is basal or distal (apical) vary. 
Thus as regards the head, the characteristics to be found on the dorsal side take the 
frontoclypeal suture as their basal point of reference; in the ventral view, the basal 
point is the occipital foramen, and for the internal structures, it is the limit with the 
bucal appendages. As for the thorax, the basal and ventral parts relate to the ster-
num, and as regards the abdomen, the basal parts relate to the thorax. For the female, 
the spermathecal ducts, spermathecae and terminal knob take the genital chamber as 
the basal point of reference. As for what is internal and external, for the head, the 
internal is that which approximates to the bucal appendages and for the genitalia, to 
the parameral sheath.

 Head

Externally, the cephalic capsule (Figs. 5, 6 and 7) is formed by the compound eyes 
which may occupy the larger part of the head, with the gena situated laterally and 
before the eyes. The front, composed of the part which extends from the vertex to 

E. A. B. Galati



61

Fig. 5 Dorsal view of the head and its appendices of a Phlebotomine female. A – characteristics: atp – 
anterior tentorial pit; cl – clypeus; f – front; fcls – frontoclypeal suture; fI – 1st flagellomere; fII – 2nd 
flagellomere; ge – gena; hy – hypopharynx; ias – interantennal suture; ios – interocular suture; la – 
lacinia of maxilla; lb – labium; le – labrum-epipharynx; md – mandible; oc – occiput; os – ocular 
suture; osc – ocular sclerite; pe – pedicel; pf – protuberance of the front; p1 – 1st palpal segment; 
p2 – 2nd palpal segment; p3 – 3rd palpal segment; p4 – 4th palpal segment; p5 – 5th palpal segment; 
sc – scape; stp – stipe of maxilla; v – vertex; B – measurements most frequently used: eL – eye length; 
eW – eye width; clL – clypeus length; fIL – 1st flagellomere length; fXI – 11th flagellomere; fXII – 12th 
flagellomere; fXIII – 13th flagellomere; fXIV – 14th flagellomere; heL – head length; heW – head 
width; ioD – interocular distance; pL – palpus length. Nyssomyia intermedia
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Fig. 6 Dorsal view of the head of a Phlebotomine female: ata – anterior tentorial arm; atp – ante-
rior tentorial pit; cl – clypeus; dta – dorsal tentorial arm; fI – 1st flagellomere; f – front; fcls – fron-
toclypeal suture; ge – gena; ias – interantennal suture; ios – interocular suture; la – lacinia of the 
maxilla; le – labrum-epipharynx; md – mandible; oc – occiput; os – ocular suture; osc – ocular 
sclerite; pe  – pedicel; pf  – protuberance of the front; poc  – postocciput; pocs  – postoccipital 
suture; pta – posterior tentorial arm; p1 – 1st palpal segment; sc – scape; stp – stipe; v – vertex. 
Warileya lumbrerasi
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Fig. 7 Ventral view of the head of a Phlebotomine female: atp – anterior tentorial pit; ata – ante-
rior tentorial arm; car – cardo; ci – cibarium; e – eye; et – external teeth of lacinia; ge – gena; 
lf – labial furca; hybr – hypostomal bridge; it – internal teeth of lacinia; la – maxillary lacinia; 
lb1 – labellum 1; lb2 – labellum 2; oc – occiput; of – occipital foramen; pha- pharynx; poc – post-
occiput; pocs – postoccipital suture; posge – postgena; posm – postmentum; prem – prementum; 
pta – posterior tentorial arm; ptp – posterior tentorial pit; p1 – 1st palpal segment; p2 – 2nd palpal 
segment; p3 – 3rd palpal segment; p4 – 4th palpal segment; p5 – 5th palpal segment; stp – stipe. 
Nyssomyia intermedia
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the frontoclypeal suture, between the two anterior tentorial pits – morphologically, 
the area dorsal to the insertion of the antennae, the post-front, is frequently called the 
front and the area above the clypeus and below the antennae, the pre-front, is referred 
to as the face (McAlpine 1981). The vertex is not always clearly defined, as it is 
limited anteriorly by the front, laterally by the eyes and posteriorly by the occiput, 
and the upper half of the post-cranium represents the whole posterior surface of the 
head capsule. The occiput merges ventrally into the postgenae. This latter sclerite is 
the part of the postcranium situated laterally and below the occipital foramen. 
Ventrally the head capsule is closed by a sclerite (hypostomal bridge) resulting 
from the median approximation and fusion of the postgenae, in agreement with 
Crampton (1942), apud McAlpine (1981). The narrow sclerite is situated dorsally to 
the occipital foramen, and the postocciput is separated from the postcranium by the 
postoccipital suture. The appendages are represented by the antennae and the 
mouthparts. The endoskeleton consists of the tentorium, which presents three pairs 
of arms, namely, the anterior, the dorsal and the posterior. The anterior arms spring 
from the anterior tentorial pits, the posterior ones from the posterior tentorial pits, 
and the dorsal ones, which are believed to be a prolongation of the anterior arms, are 
situated at the junction of this arm and the posterior one.

The eyes (Figs. 5, 6 and 7) consist of a variable number of eye facets which are 
also of variable diameter. The length of the eye may be greater than, equivalent to or 
less than half that of the capsule, and the width also varies, thus affecting the inter-
nal ocular distance. The eye is separated from the sclerite which is adjacent to it by 
the ocular suture; the narrow area situated between this suture and the ommatidia is 
the ocular sclerite. In a dorsal view, roughly in the middle of its ocular suture, the 
post-frontal suture begins and is commonly called the interocular suture in the 
phlebotomines. This latter may be longer or shorter and be united or not to the inte-
rantennal suture.

The vertex can be seen in Figs. 5 and 6. In the majority of phlebotomine species 
the limits of this sclerite are not evident. However, in some species of Warileya it is 
clearly outlined by the post-frontal sutures (interocular suture) and the vertex occip-
ital suture, and presents some hairs (Fig. 6). In some species of other groups it is 
possible to see it by virtue of a lack of pigmentation in the area corresponding to the 
vertex occipital suture.

The front (Figs. 5 and 6) is the area situated dorsal to the insertion of the antennae, 
delimited by the interocular sutures and which presents protuberances that may be 
more or less developed.

The face is a greatly reduced sclerite in the phlebotomines. It is delimited 
dorsally by the area of insertion of the antennae, ventrally by the frontoclypeal 
suture and laterally by the eyes.

The clypeus (Figs. 5 and 6) is situated between the face and the labrum. Dorsally, 
it is limited by the frontoclypeal suture and anteriorly by the clypeolabral articulation. 
Its length is variable as regards the head, and hairs may cover its surface totally or 
partially and it is rarely bare.

The regions lateral to the clypeus and between the inferior edge of the eye and 
the subcranial cavity are the gena (Figs. 5, 6 and 7) that are united to the postgena 
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(Fig. 7) situated laterally in the ventral region of the head. The clypeogenal suture 
separates the gena from the clypeus. This suture in some groups of phlebotomines 
is well marked all along the lateral edge of the clypeus and in others only on the 
anterolateral edge of the clypeus. The mandibles are inserted in the anterior region 
of the gena.

The occiput (Figs. 5, 6 and 7), in its dorsal area, presents a hairy covering that 
may occupy its whole surface (Fig. 6) or be disposed as an x or in arrow shape 
(Fig. 5).

The mouth parts form a tube, the proboscis, with three unpaired and two paired 
pieces. The former are the labrum-epipharynx, in a dorsal position, the labium in 
a ventral position and the hypopharynx between them. The paired pieces, also situ-
ated between the labro-epipharynx and the labium, in an anterolateral position, are 
the mandibles and posterolaterally, the lacinia of the maxillae.

The labrum arises from a single preoral lobe (Snodgrass 1944, apud McAlpine 
1981). Its ventral surface is denominated the epipharynx, despite being an integral 
part of the labrum. A small sclerite, called the torma, occurs laterally at the base of 
the epipharynx and is connected with the clypeus at the lateral terminations of the 
labroclipeal suture. Externally, the labrum is joined to the clypeus by the clypeo-
labral suture and internally, the epipharynx forms the top of the food canal (McAlpine 
1981). The labrum-epipharynx, blade-shaped, has two or more pairs of spiniform 
sensilla (apical sensilla) at its apex, spiniform teeth implanted apicolaterally in the 
dorsal surface and teeth with a slightly more laminated aspect in the ventral one 
(Fig. 8). Four spiniform sensilla are present in the preapical region of the food canal 
and others, also spiniform, in variable number may occur throughout the food canal.

The hypopharynx, also blade-shaped, contains the salivary canal. It presents 
many teeth, like a slender and deep fringe in males on the apicolateral edge, but in 

Fig. 8 Apical region of the labrum-epipharynx of phlebotomine females. A – Warileya phleboto-
manica; B – Micropygomyia vexator; C – Sciopemyia microps; D – Lutzomyia longipalpis; E – 
Lutzomyia peruensis
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the females the teeth vary in size, from slender and deep to wide and flattened, like 
those of a saw (Fig. 9-F, G), though sometimes they are altogether absent. Species 
of Sergentomyiina, with their atrophied hypopharynx, whether with flattened or no 
teeth, have been associated with feeding on cold-blooded animals (Hennig 1972; 
Lewis 1975).

The labium (Figs. 7 and 10) arises from the second pair of the united maxillae 
and consists of the proximal post-mentum and the distal pre-mentum (teca). The 
post-mentum is reduced and the main sclerite is the pre-mentum. At its distal 
extremity this latter bears the first and second labella derived from a pair of bi- 
segmented labial palpi (McAlpine 1981). On the median longitudinal region of the 
pre-mentum occur sutures that may be united close to the labella, forming the labial 
fork (Figs. 7 and 10-A, C), though in some species (Lutzomyia dispar and Lutzomyia 
fonsecai) or species of Deanemyia and practically all species of Sergentomyia, this 
does not happen (Fig. 10-B).

The mandibles are functional only in the females. They are absent in the majority 
of the males, but at least in one species of Warileya, though well less developed than 
in the females, they are present (Galati and Cáceres 1999). Their articulations occur 
at the mandibular joint situated in the antero-lateral part of the clypeus/gena (Figs. 5 
and 6). They are flattened blade-like pieces and their apex may be more or less 
pointed (Fig. 11). Highly saw-like teeth are present on their internal apical edge.

The maxillae are shown in Figs. 7, 12 and 13. Each maxilla is formed of a basal 
region, the cardo that is united to the stem-like stipes. This supports the lacinia 
and the maxillary palpus, formed of five segments (Cumming and Wood 2009). 
The lacinia may present a set of teeth on the apical external edge (external teeth), 
disposed longitudinally (Figs. 12-B, D) or transversally (Fig. 12-E) to the edge; they 
may also be in a single row (Fig. 12-B) or in two longitudinal rows (Figs. 12-C, D). 
Teeth are also present on the internal edge (internal teeth), more or less close to the 

Fig. 9 Apical region of the hypopharynx of phlebotomine females. A – Warileya phlebotomanica; 
B  – Nyssomyia intermedia; C  – Lutzomyia longipalpis; D  – Trichopygomyia longispina;  
E – Micropygomyia vexator; F – Sciopemyia sordellii; G – Micropygomyia cayennensis
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apex. The five palpal segments vary in length, all of them present sensorial  elements, 
represented by deciduous hairs that are shed during the maceration process and 
leave scars; some segments bear tiny hyaline club-shaped sensilla, which for sandflies 
were first illustrated and denominated modified spines by Newstead (1911), thus 
since called Newstead’s spines, though due to their non-spiniform shape they are 
more appropriately denominated Newstead’s sensilla. The arrangement of these 
sensilla in clusters in the basal half of palpus 3 represents the plesiomorphic state, 
their dispersion through almost the entire segment, the apomorphic state. Newstead’s 
sensilla are always present on palpus 3, though frequently they may also be present 
on palpus 2 (Fig. 13-B), occasionally on palpus 4 (Fig. 13-F) and, though rarely, on 
palpus 5. On palpus 3, these sensilla may be inserted as a well delimited set (cluster) 
on the basal third, or on the middle of the segment (Figs. 13-C, E), or dispersed 

Fig. 10 Labium of phlebotomine females in ventral view: lb1 – labellum I; lb2 – labellum II; 
prem – prementum; lbs – labial suture. A – Warileya phlebotomanica; B – Lutzomyia dispar; C – 
Psathyromyia shannoni
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along the segment (Fig. 13-D). This arrangement may help to distinguish different 
phlebotomine groups. The presence or absence of these sensilla on palpus 2 might 
also distinguish groups and on the other segments, species. The number of spini-
form setae (Figs. 13-C, E) on palpus 4 also permits the distinction of groups within 
the subgenus Helcocyrtomyia. The palpal formula has been used to designate the 
relationship between the lengths of successive segments of the palpus. Thus, when 
the first palpal segment is smaller than the second, the second smaller than the third, 
the third smaller than the fourth and the fourth smaller than the fifth, the palpal formula 
1.2.3.4.5 or 1,2,3,4,5 is adopted. When the segments are of equal length, they are 
put between parentheses, e.g. 1.(2.3).4.5. Among the phlebotomines it seems that 
the primitive formula is that represented by 1.2.3.4.5, because this is also present in 
the Bruchomyiinae, the sister group of the Phlebotominae. One first modification 
seems to have been the shortening of palpus 4 and concomitantly the lengthening of 
palpus 3, so that the formula then became 1.(2.4).3.5. or 1.2.4.3.5; palpus 4 then 
continued to become shorter and palpus 2 grew longer, thus giving rise to the formula 
1.4.2.3.5 or 1.4.(2.3).5. The palpus 5 that was initially much longer than the sum of 
3 and 4 together, underwent shortening, with the consequent inversion of the rela-
tionship. The process of the shortening of palpus 5 continued, thus it became shorter 
than palpus 3 and then shorter than palpus 2, the formula: 1.4.5.2.3 thus arising.

Fig. 11 Apical region of the mandibles of phlebotomine females. A – Warileya phlebotomanica; 
B – Lutzomyia longipalpis; C – Sciopemyia microps; D – Micropygomyia vexator
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Each antenna, in accordance with the basic plan of nemathocerous, is formed of 
three distinct parts or antennomeres (A). The first (AI), called scape, is a cylindri-
cal segment inserted in the face; the second (AII) or pedicel, a globe-like segment, 
in which Johnson’s organ, a mass of receptor cells for the detection of movements 
of the flagellum (McAlpine 1981), is present, and the third the flagellum, consisting 
of 14 articles, called the flagellomeres. The most basal of these latter (fI) presents 
about twice the length of fII; the length of the others diminishing gradually to fXIII 
and sometimes to fXIV.

The length of flagellomere I, whether as an isolated measurement, or expressed 
as a ratio of the lengths f1∕head, or f1∕labrum-epipharynx (le), as well as the 
fXIV∕fXIII ratio, permits the distinction between species and groups of species.

The flagellomeres are covered by deciduous hairs, which are shed during the 
maceration process, and nondeciduous setae. These latter may be simple setae 
(Figs. 15, 16 and 17), more numerous on the apical segments, or with a hyaline 
blade aspect and called ascoids or geniculate spines (the insertion of the latter in the 

Fig. 12 Lacinia of the maxilla of phlebotomine females: et – external teeth; it – internal teeth. 
A  – Warileya phlebotomanica; B  – Lutzomyia cruciata; C  – Nyssomyia intermedia; D  – 
Micropygomyia quinquefer; E – Micropygomyia longipennis
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segment is elbow-like) (Figs. 14, 15, 16 and 17). These are of highly variable length 
and may (Fig. 15) or may not (Fig. 16) present a posterior spur extending to the base 
of the article. The ascoids may be inserted in the article on a well-defined peduncle 
(Figs. 15 and 16-B) or on an atrophied peduncle or are sessile (Fig. 16-A,C). The 
level of insertion of the ascoids in fI is an important character. So the external ascoid 
(as regards the mouthparts) may be inserted relatively nearer to the base than the 
internal one (Fig. 14-A) or the opposite (Fig. 14-C), or both may be on the same 
level (Fig. 14-B). The number of ascoids on the articles, especially on the apical ones, 
may also vary. The loss of the ascoids in the Phlebotominae occurred from the apical 
to the basal articles. The antennal formula, indicating the number of ascoids on each 

Fig. 13 1st–4th palpal segments of phlebotomine. Ns – Newstead’s sensilla; ss – simple setae; 
dhs  – deciduous hair scars. A  – Micropygomyia cayennensis; B  – Psathyromyia aragaoi; C  – 
Warileya phlebotomanica; D – Pintomyia fischeri; E – Mi. cayennensis; F – Pa. aragaoi
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Fig. 14 First flagellomere (fI) of phlebotomine: dhs – deciduous hair scar; exas – external ascoid; 
inas – internal ascoid; papp – preapical papilla; pasp – preascoidal papilla; ss – simple seta. A – 
Warileya phlebotomanica; B  – Psychodopygus squamiventris; C  – Pintomyia (Pifanomyia) 
verrucarum
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article, is used to designate this variation. So for both sexes of the species, when the 
pair of ascoids occurs on all the articles, the formula is fI-fXIV 2; when it is absent 
only from the fXIV it is fI-fXIII 2, fXIV 0; when it is absent from fXIV and only one 
ascoid occurs on fXIII, the formula is fI-fXII 2, fXIII 1, fXIV 0, and so on.

Some flagellomeres present papillae, sensorial structures of a rosette shape that 
may be used for the distinction of groups of species. In 1912, Newstead described 
these structures for the three last segments and called them “hirsute glands”. Parrot 
(1953) described them as “papilles”, also present on fI and fII. On fI, commonly in 
the preapical area of the internal side of the flagellomere, distally to the insertion of 

Fig. 15 2nd and 3rd flagellomeres of phlebotomine: as – ascoid; dhs – deciduous hair scars; p – 
papilla; ss – simple setae. Psathyromyia shannoni

E. A. B. Galati



73

the internal ascoid, there occurs one papilla, the pre-apical papilla (Fig. 14-C). 
In Warileya and Hertigia one papilla, called the pre-ascoidal papilla, situated nearer 
the base than the insertion of the internal ascoid, is found (Fig. 14-A). In some spe-
cies of Brumptomyia and Psychodopygus, the two papillae may be present (Fig. 14- B), 
sometimes in this latter more than two papillae may occur – as is also observed in 

Fig. 16 2nd and 3rd flagellomeres of phlebotomine: as – ascoid; p – papilla; ss – simple seta. A – 
Pintomyia (Pifanomyia) ovallesi; B – Psathyromyia lanei; C – Warileya rotundipennis
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some Old World species (Parrot 1953). In fII, one papilla is always present, generally 
in the internal pre-apical area, but in Warileya and Hertigia, it is situated basally on 
the article. In fIII many groups have lost the papilla (Fig. 16-A) that, when present, 
is generally situated in the internal pre-apical area (Fig.  16-B) and, basally in 
Hertigiina (Fig. 16-C). On the apical segments there are papillae disposed in apical, 
intermediate and basal areas (Fig. 17-A). In the evolutionary process, the loss of the 

Fig. 17 Apical flagellomeres: fXI – fXIV. ap – apical papilla; as – ascoid; bp – basal papilla; 
mp – median papilla; ss – simple seta; sp – spiniform papilla. A – Evandromyia tupynambai; 
B – Trichophoromyia ubiquitalis
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papillae occurred from fIII towards the apical segments. Some of them are always 
present on the three last segments of the antenna (fXII-fXIV) (Fig. 17). Some groups 
also present one or more papillae either on the articles fIX- fXI or fX-fXI, or fXI. A few 
groups present papilla(e) on fVII-fVIII. There is a spiniform papilla, which when 
magnified up to 400 times, may be confounded with the apical papilla on the apical 
segments fXIV, fXIII, fXI and fIX (Fig. 17).

The cibarium (Figs. 18, 19 and 20) is a cavity formed by plates of dorsoventral 
sclerites united laterally where they are more sclerotized, thus constituting the lat-
eral sclerites (suspender sclerites; Jobling 1987). Dorsally, at the posterior extremity, 
the lateral sclerites extend transversally and may be united, thus forming the posterior 
bridge. The roof of the cavity may present a posterior protuberance (Theodor 1965) 
that appears as a curved line, close to the area of junction with the posterior bridge, i.e. 
when the cibarium is observed dorsally (it seems that this configuration occurs by vir-
tue of a fold formed in the roof, where this and the inferior edge of the posterior bridge 
join). An area with stronger sclerotization, a sclerotized area, in which the posterior 
clypeal muscles are inserted, may be present in the roof. Various sets of teeth occupying 
different areas and positions in relation to the lumen and constituting the bucal arma-
ture may be present on the posterior edge of the ventral surface or mouth floor. When 
the teeth are implanted close to the lateral sclerites with orientation in a supramedian 
direction, they are called lateral teeth. The teeth implanted in the central area, oriented 
in the same direction as the lumen, are denominated horizontal teeth. In the majority 
of the phlebotomines, the posterior row of the teeth in the central area has remained in 
a horizontal position and the anterior teeth have assumed a vertical position in relation 
to the lumen, commonly called vertical teeth. Further, on the ventral surface, in an 
anterior position or above the anterior teeth, the lateral sclerites might present projec-
tions that form the sclerotized arch (loral arm, Jobling 1987), in which the muscles of 
the salivary pump are inserted. The link between the cibarium and the pharynx occurs 
at the posterior bridge; ventrally the pharynx projects as far as the posterior sclerotized 
edge of the floor, which is generally situated far from the apex of the cibarium, forming 
the cibaral chamber, less sclerotized, where the posterior and lateral teeth are situated 
and surrounded by the base of the pharynx. The vertical teeth are implanted in the 
sclerotized base, which seems to reinforce their role as grinders of particles when in 
contact with the sclerotized area, while the horizontal teeth act as particle selectors, like 
a rake (Lewis 1975).

Important modifications have occurred in the cibarium and are useful in the distinc-
tion of the groups. The existence of the cibarium in various groups of Phlebotominae 
suggests that the evolution of the armature obeyed the following sequence; originally, 
it would have been formed of an ample chamber without teeth or with only small lateral 
ones, as may be deduced from Hertigiina and Phlebotomina (Fig. 19-A, B). The lateral 
teeth have become more developed and come to occupy a horizontal position in rela-
tion to the lumen, as has occurred with Brumptomyiina (Fig. 19-C) and a few species 
of Lutzomyiina (Fig. 19-D). At a second point in time, the horizontal and lateral teeth 
would be maintained, though several of these came to adopt a vertical position in rela-
tion to the lumen (Fig. 20-A, B, E, F). At a third time point, the horizontal and vertical 
teeth remained, the lateral ones disappearing (Fig. 20-C, H, I).
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Fig. 18 Cibarium and pharynx of phlebotomine females: antt – anterior teeth; cc – cibarial cham-
ber; f – fold; latt – lateral teeth; pha – pharynx; posbr – posterior bridge; postt – posterior teeth; 
pp – posterior protuberance; latsc – lateral sclerite; scare – sclerotized area; scarc – sclerotized 
arch; s – spine. A – Bichromomyia flaviscutellata; B – Micropygomyia atroclavata
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Fig. 19 Cibarium of phlebotomine females. A – Warileya sp.; B – Edentomyia piauiensis; C – 
Brumptomyia sp.; D – Lutzomyia amarali
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Fig. 20 Cibarium of phlebotomine females. A – Sciopemyia sordellii; B – Micropygomyia pilosa; 
C  – Micropygomyia cayennensis cayennensis; D  – Evandromyia walkeri; E  – Dampfomyia 
anthophora; F – Pressatia triacantha; G – Lutzomyia cruciata; H – Psychodopygus panamensis; 
I – Trichophoromyia ubiquitalis
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The horizontal teeth, initially, would have been set in four columns (Fig. 19-C); 
the most posterior would have remained in this position and the anterior teeth 
would have tended to adopt a vertical position. The posterior teeth (horizontal) in 
some groups, would also have increased in number (Fig. 20-C, I) and the base of 
some of them, originally individual, would have grown together. When this fusion 
occurred, with the increase in the number of teeth, the set assumed the aspect of a 
palisade (Fig. 20-C). In another situation the fusion of the apices of some teeth 
must have occurred (Fig. 20-E). The absence of the lateral teeth would have been 
accompanied by the shortening of the cibarial chamber (Fig. 20-C, H, I).

The cibarium without the posterior protuberance, sclerotized area and armature 
or with only small lateral teeth and complete sclerotized arch seems to have been the 
primitive condition. In accordance with Hennig (1972), who based his argument on 
the loss of the mandible among males and the concomitant atrophy of the cibarial 
armature, the cibarium of the females of Phlebotominae, as observed in Warileya, 
Hertigia and Phlebotomus, has evolved in such a way as to eliminate the cibarial 
armature.

From what has been observed in the males, it may be deduced that the atrophy 
actually occurred in the cibarial armature, despite its still maintaining its similarity 
with the female cibarium, as is shown by the traces in the latter of the horizontal, 
vertical and even lateral teeth. On the other hand, the presence of only lateral teeth 
in Chinius (an Asiatic genus of Phlebotominae) and in Sycoracinae (another subfam-
ily of Psychodidae) seems to corroborate the sequence suggested.

The pharynx, also called the esophageal pump, consists of three plates, one 
dorsal and two lateral (Forattini 1973), forming a sac-shaped structure, having 
transversal sclerotized wrinkles and spines on its posterior part. In the majority of 
the American groups of Phlebotominae the transversal wrinkles are not well sclero-
tized and the spines are atrophied (Fig. 18-A), but in many species, mainly those of 
Sergentomyiina, the spines may be well developed and in a few species the transver-
sal wrinkles appear as strongly sclerotized transversal bands (Fig. 18-B). The evolu-
tion of the pharynx probably occurred through the atrophying of the spines that is 
generally accompanied by the further development of the cibarial armature.

 Cervix

The cervix is the region that forms the link between the head and the thorax. It is 
predominantly a membranous structure having on its lateral parts a rectangular 
sclerite, the cervical sclerite (Figs. 21 and 25), into which two or three spiniform 
sensilla are inserted. The upper anterior part of this sclerite is linked to the head at 
the junction of the posterior arm of the tentorium and post-occiput, and its basal 
posterior part is connected to the proepisternum close to its connection with the 
pronotum. In the ventral area, the cervix may or may not present a pair of spiniform 
sensilla, the ventro-cervical sensilla, very much like those of the cervical 
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Fig. 21 Cervix and thorax of Phlebotominae. Cervix: csc – cervical sclerite with a pair of sensilla; 
vcsc  – ventrocervical sclerite. Thorax: anp  – anepimeron; apn  – antepronotum; as  – anterior 
spiracle; at – anatergite; hal – halter; kep – katepimeron; kes – katepisternum; kt – katatergitum; 
las – lower anepisternum; mnt – metanotum; mscx – mesocoxa; msf – mesofurca; mtcx – meta-
coxa; mtf – metafurca; mtp – metepimeron; mts – metepisternum; pem – proepimeron; pnt – 
postnotum; ppn  – postpronotum; pps  – protuberance of the prosternum; prcx  – procoxa ; 
prf – profurca; ps – posterior spiracle; psct – prescutum; pes – proepisternum; pt – paratergite; 
sclt – scultellum; sct – scutum; uas – upper anepisternum; win – wing. Lutzomyia peruensis
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sclerites, but inserted in a membranous base located anterior to a small single 
triangular sclerite, the ventro-cervical sclerite (Figs. 21 and 25), situated immedi-
ately anterior to the prosternum. The ventro-cervical sclerite, according to Matsuda 
(1970), was denominated presternum for other groups of Diptera by Crampton 
(1942), Bonhag (1949) and Sarà and Smerdel (1953), but is probably a secondary 
cervical sclerite, because the presternum is absent in Mecoptera and in inferior “nema-
tocerous”. In Psychodidae, the ventro-cervical sclerite is very close to the basister-
num of the prosternum.

 Thorax

The thorax consists of three segments and, as in the other Diptera, presents a consid-
erably more developed median segment, because of the insertion of the muscles of 
the single pair of wings. Dorsally, it is formed by the sclerites known as the notum, 
laterally, the pleuron (pl. pleura) and ventrally the sternum. As regards each sclerite, 
the prefixes pro, meso and meta, which define part of the each sclerite, will be used 
as distinct from pre and post (McAlpine 1981). The segments of the notum may pres-
ent divisions; those of the pleura are divided by a longitudinal suture, the pleural 
suture in the episternum and the epimeron and the mesothorax, the most highly 
developed, is divided transversally, thus forming two more sclerites that are situated 
in the upper position with the prefix an and the lower position kat; so they are the 
anepisternum, the katepisternum and the anepimeron and katepimeron. The 
sternum also presents divisions.

The thoracic appendages are a pair of wings, belonging to the mesothorax, a pair 
of halters situated in the metathorax, both implanted between the notum and the 
pleura and a pair of legs inserted in each segment between the pleura and the 
sternum.

 Prothorax

The pronotum, dorsally, is represented by a narrow band that is united to the 
mesonotum in its frontal part and laterally is firmly united to the angle of the parater-
gite. The transnotal anterior suture arises at this point and extends to the proepi-
sternum, separating the antepronotum from the postpronotum; this suture is not 
always very distinct throughout its length, only being more evident in its upper part. 
The postpronotum is separated from the paratergite and from the mesopleura by the 
tenuous posterior transnotal suture that occurs as a continuation of the pleural 
suture.

The propleuron is formed by two sclerites, one in an upper anterior position, 
called the proepisternum and the proepimeron situated inferoposteriorly, sepa-
rated by the propleural suture that arises at the articulation of the anterior coxa and 
extends as far as the posterior transnotal suture. The proepimeron is not always 
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clearly separated from the anepisternum and in view of this it has been called the 
lower anepisternum by phlebotomine specialists. The proepimeron may or may not 
present hairs, the proepimeral setae.

The prosternum (Fig. 25) is divided into two parts; the anterior denominated the 
basisternum and the posterior the furcasternum. The basisternum, situated 
between the anterior coxae, is endowed with a more sclerotized median inflexion 
that forms the ridge of the basisternum. From the basolateral region of the basis-
ternum sprout hairy protuberances, protuberances of the prosternum (Abonnenc 
et al. 1971). Further, on this sclerite is found, basally, a more sclerotized transversal 
band, the transversal apodema (Speight 1969) that is linked, laterally to the 
profurca, to an endosternite in the shape of a cricket bat. Posterior to this apodema 
occurs the furcasternum, fused with the basisternum of the mesothorax; both 
these latter are linked by the basal laterals to the pit of the furca. This sclerite is 
delimited laterally by the pleural aresta and apically by the furcasternum of the 
mesothorax. In the evolutionary process the protuberance of the prosternum 
become more slender.

 Mesothorax

The mesonotum practically covers the whole dorsum of the thorax. It is composed 
of three basic parts, the prescutum, scutum and scutellum and a fourth element, 
the postnotum. This latter is probably derived from an intersegmental acrotergite 
(McAlpine 1981). The prescutum is reduced and its separation from the scutum, on 
the dorsum, is not clear, because the prescutal suture continues the parapsidal 
suture with no clear distinction and the prescutal pits are not evident; the postero-
lateral edge of the prescutal area is crossed by a longitudinal suture [the probable 
base of the lateral parapsidal suture  =  prescutal suture (Matsuda 1970)] that 
delimits the lateral sclerite called paratergite by McAlpine (1981) or the prescutum 
by Matsuda (1970). The scutum occupies the greater part of the dorsum of the 
mesothorax and is incompletely divided by the transversal suture [=lateral parap-
sidal suture (Matsuda 1970)], into the prescutum, the pre-sutural and the posterior, 
postsutural area. In the laterodorsal region, the parapsidal sutures that extend into 
the area of the prescutellum are distinguishable. The scutoscutellar suture sepa-
rates the scutum from the scutellum transversally. The slightly swollen area situated 
between the posterior base of the wing and the base of the scutellum is called the 
postalar callus and the edge of the postsutural area, immediately above the wing, 
the supralar area.

The setae of the mesonotum (Fig. 22) situated in clearly distinguishable sets in 
the prescutal area, are known as prescutal setae; those in the presutural area, the 
presutural setae; in the supralar area, the supralar setae; in the dorsocentral area, 
delimited by the parapsidal sutures, the dorsocentral setae; those situated on the 
parapsidal suture, the parapsidal setae and those localized posterior to the supralar 
setae and anterior to the scutum-scutellar suture (if present) the postalar setae 
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Fig. 22 Setae on the thorax of phlebotomine: anps – anepimeral setae; dcs – dorsocentral setae; 
lass – lower anepisternal setae; mnts – metanotal setae; mtps – metepimeral setae; mtss – metep-
siternal setae; pems – proepimeral setae; pscts – prescutal setae; psus – postsutural setae; sas – 
supralar setae; sctls – scutellar setae; uass – upper anepisternal setae; vcs – ventrocervical sensilla. 
Brumptomyia pintoi
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(Figs. 23 and 24). The tendency among the phlebotomines has been to lose these 
latter setae; in a few groups one or two are still present.

The scutellum, with a rounded edge, presents scutellar setae in two lateral sets.
The Mesopleuron (Fig. 21) is divided by the mesopleural suture into an anterior 

part, the mesepisternum and a posterior, the mesepimeron. The former is transver-

Fig. 23 Thorax in lateral view of Phlebotominae with indication of characteristics in plesiomor-
phic state: arrow  – indicating the long suture separating the katepimeron and metepisternum; 
paps – parapsidal setae; pas – postalar seta. Oligodontomyia toroensis
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Fig. 24 Cervix and thorax in lateral view of Phlebotominae: arrow indicating the setae on the 
anterior region of the katepisternum; css  – cervical sclerite sensilla; pas  – postalar seta; pts  – 
paratergital setae; vcsc  – ventrocervical sclerite; vcs  – ventrocervical sensilla. Deanemyia 
samueli
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sally divided by the anapleural suture into an upper part - the anepisternum and a 
lower part – the katepisternum. Similarly, the mesepimeron is divided by the tran-
sepimeral suture into anepimeron and katepimeron. The anepisternum is not uni-
formly sclerotized; in its posterior upper part it is membranous and anteriorly is 
sclerotized and subdivided into the upper anepisternum and lower anepisternum 
by a membranous area, inflecting between both, of greater or lesser extent. In the 
posterior membranous area close to the base of the wing a small sclerite, the basalar, 
occurs, dorsally united by its anterior part, the basalar anterior, to the scutum by a 
transversal suture denominated the prealar bridge, and the posterior is linked by its 
posteroventral part to the anapleural suture. On the upper part of the anepimeron, 
alar sclerites, with which the wings are articulated, are present. The separation of 
the katepimeron from the metepisternum is evident in the apical region of these 
sclerites close to the posterior spiracle, that belongs to the metepisternum; however, 
the suture that separates the two sclerites has vanished in the majority of the phle-
botomines, its traces remaining under the spiracle in some groups and in the basal 
region next to the tergosternal suture in others (Figs. 21, 22 and 23). In view of this 
incomplete suture, the katepimeron has been variously denominated by specialists. 
So Davis (1967), in his drawing, labeled it katepimero and in the text, meropleuro 
(hipopleuro); Forattini (1973) also called it the hipopleura; Abonnenc et al. (1971) 
and Abonnenc and Leger (1976a, b) denominated it métépisterne. These latter 
authors call the pleurotracantim the mésocatépimère. Pleurotrocantim is a much 
reduced sclerite inserted between the katepisternum and the katepimeron, at the 
junction of the mesopleural and transepimeral sutures. The mesopleuron may pres-
ent a set of setae on the sclerotized part of the anepisternum in its upper region and 
rarely in its lower area, the upper anepisternal setae and lower anepisternal 
setae, respectively. A few groups may present setae on the katepisternum, the kat-
episternal setae and in the anepimeron, the anepimeral setae. In some rare species 
of Phlebotominae setae may occur above the anterior spiracle, in the paratergite, the 
paratergital setae (Fig. 24). The mesopleuron is covered by short microtrichias, 
but on the anterior part of the katerpisternum of some groups a set of more devel-
oped setae may occur (Figs. 24 and 25).

The Mesosternum (Fig. 26) presents the anterior part, the basisternum fused 
with the furcasternum of the prothorax, described above, and the much reduced 
furcasternum linked to the mesofurca, as a single highly developed structure. The 
mesofurca is firmly united to the pleural arm that begins at the internal mesopleu-
ral suture.

The Postnotum (Fig. 27) includes all the posterior parts under the scutellum and 
is constituted by a mediotergitum and two laterotergites. Each laterotergite 
extends down to the posterior spiracle and is divided into a dorsal anatergite and a 
ventral katatergite (McAlpine 1981). The mediotergite and the laterotergites are 
connected internally by the postnatal bridge.
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Fig. 25 Cervix and Prothorax of Phlebotominae in frontal view: apn – anterior pronotum; bsm – 
basisternum of the mesosternum; bsp – basisternum of the prosternum; bspk – basisternum of the 
prosternum keel; csc – cervical sclerite; fsm – furcasternum of the mesosternum; fsp – furcaster-
num of the prosternum; pem – proepimeron; pes – proepisternum; plk – pleural keel; ppn – post-
pronotum; pps – protuberance of the prosternum; prcx – procoxa; prf – profurca; pt – paratergite; 
vcs – ventrocervical sensilla; vcsc – ventrocervical sclerite; tba – transversal basisternum apodeme
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 Metathorax

The Metanotum is formed by a narrow band on the dorsum, widening on each side, 
where numerous setae, the metanotal setae, are present.

The metapleuron (Figs. 21, 22 and 23) is divided by the metapleural suture 
into an anterior sclerite, the metepisternum and a posterior, the metepimeron. The 
former, as already mentioned, may be fused to the katepimeron, thus forming a 
mixed sclerite. The latter at its dorsolateral extremities is united with the first 
abdominal tergite and at the ventral ones, to the first abdominal sternite. Setae may 
be present on the metepisternum, the metepisternal setae, and on the metepimeron, 
the metepimeral setae (Fig. 22).

The metesternum (Fig. 27) is very narrow and well invaginated. The metafurca 
is well developed and may or may not be interlinked by a sclerite along the vertical 
arms. Laterally and basally to these arise extensions with a rhomboid or tapering 
apex, denominated the horizontal arms, which may be long (Fig. 27-B) or very 
short (Fig. 27-C).

Fig. 26 Mesosternum of Phlebotominae in frontal view: fsm – furcasternum of the mesosternum; 
msf – mesofurca; mscx – mesocoxa;
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Fig. 27 A – Metathorax of Nyssomyia intermedia in posterior view: at – anatergite; ha – horizon-
tal arm of the metafurca; hal – halter; kt – katatergite; mnt – metanotum; mtcx – metacoxa; mtf – 
metafurca; mtp – metepimeron; mts – metepisternum; pnt – postnotum; va – vertical arm of the 
metafurca. B – metafurca of Brumptomyia brumpti; C – metafurca of Warileya phlebotomanica
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The legs are long and consist of the following segments: coxa, trochanter, femur, 
tibia and tarsus; the last of which is divided into five articles, the tarsomeres, and a 
small apical segment, the posttarsus or acropod (McAlpine 1981). The segments are 
covered with longitudinal bands of scales and may present sets of spines arranged 
longitudinally or as verticils set in the middle or at the apex of the segments.

Dorsally, all the coxae articulate with a coxifer or pleural process, situated at 
the ventral end of the pleural suture of each thoracic segment. Ventrally, the fore 
coxa articulates with the profurcasternum; the mid and the hind coxae articulate at 
a common point in the mesofurcasternum + metasternum.

The coxa is shorter than the height of the thorax and thicker than the corresponding 
femur; the fore coxa is inserted at a level clearly superior to the mid and the hind 
coxae. The trochanter is much reduced and is firmly united to the respective coxa. 
The femur is thicker than the tibia and may be longer, equal to or shorter than in 
each respective leg and may present strong, short spurs on its basal internal surface. 
The hind femur on its internal surface is endowed with a longitudinal row of spines 
and in some groups the insertion of these spines presents sclerotization with the 
appearance of a spur (Fig. 35). The tibia is generally the longest segment of the 
legs. The tarsomeres gradually diminish in length, the first of them generally being 
shorter than the sum of the others, though in some groups it may be longer than this 
sum. In the separation of the groups, the number of levels of insertion of the spines 
in tarsomere III may be useful; they are generally arranged as one or more verticils 
on the intermediate part of the segment with one in its apical region, and sometimes 
there is only one spine of the intermediate verticils remaining (Figs. 28, 29, 30, 31, 32 
and 33). The acropod situated distally to tarsomere V presents the unguitractor 
plate localized on its ventral face, as the principal sclerite (McAlpine 1981); basally 
it is linked to the tarsomere and into its apex two claws are inserted. At the apex 
of the acropod, a more or less membranous sac-like structure, the arolium, occurs. 
At each side of the acropode close to the lateral edge of the unguitractor plate, a 
small sclerite called the basipulvillus (pl. basipulvilli) is present (Figs. 34 and 35).

The ratios between the lengths of some segments of the legs, for example, femur/
tibia or tarsomere I/tarsomere II + III + IV + V have been useful in distinguishing 
species or groups.

Wings (Fig. 36) present a flattened oval shape with a more or less clearly defined 
point at the extremity and are densely covered by lanceolate scales, with the alula 
poorly developed. When the phlebotomines are at rest, the wings remain erect and 
divergent (Forattini 1973) like a delta-wing. The venation is constituted by ten lon-
gitudinal veins reaching the alar edge, the majority of the ramifications of which 
occur basally, with the more distal transverse vein, the r-m, situated between the 
basal third and the middle of the wing.

The denomination of the alar veins follows basically the interpretation of 
Redtenbacher (1886) (apud McAlpine 1981). The system proposed by that author 
recognizes six primary veins: costa (C), subcosta (Sc), radius (R), media (M), 
cubitus (Cu) and anal (A). The veins C and Sc are single. R, in its anterior branch, 
is single and called R1, the posterior branch, denominated radial sector (RS), gives 
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Figs. 28–35 Leg aspects of Phlebotominae. 28–35 tarsomeres. 28–33 implantation level of the 
tarsal spines on the tarsomeres III-IV. 28 – Lutzomyia (Helcocyrtomyia) peruensis; 29 – Pintomyia 
(Pifanomyia) monticola; 30 – Lutzomyia (Lut.) longipalpis; 31 – Psathyromyia (Psa.) shannoni; 
32 – Martinsmyia alphabetica; 33 – Sciopemyia sordellii. 34 – apical view of the tarsomere V: 
tV – tarsomere V; ac – acropod; up – unguitractor plate; ar – arolium; bp – basipuvillus; c – claw. 
35 – posterior femur with a row of spines: Pintomyia (Pintomyia) fischeri
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Fig. 36 Wing of Phlebotominae with the mainly alar indices and the square representing the posi-
tion of the base of the M3, M4 and CuA2 veins which are amplified on A – Phlebotominae and 
B – Bruchomyiinae

rise to four veins R2, R3, R4 and R5. As regards M, the anterior branch has disap-
peared; the posterior branch gives rise to M1, M2, M3 and M4. For the Cu, the desig-
nation anterior and posterior is frequently adopted. From the forked anterior branch 
of Cu stem CuA1 and CuA2, and from the posterior branch of Cu, CuP. From A stem 
the anterior branch A1 and the posterior A2.

In the Phlebotominae C follows the wing’s edge and is thicker at the anterior 
edge. Sc is single and its apex inflects to R1, proximally in the basal third of the 
wing. The radial sector (RS), for the majority of species, divides into R5 and 
R2 + 3 + 4; this latter divides into R4 and R2 + 3 which then gives rise to R2 and R3. In 
Hertigia and some species of Warileya, R5 arises from R4. The media posterior vein 
(MP) gives rise to M1 + 2 and M3; from the former stem M1 and M2. M4, following 
the basic plan of Diptera, never occurs as a free separate vein (McAlpine 1981). 
In Bruchomyiinae, the sister group of the Phlebotominae, the forking of M3 and M4 
is clear and the crossvein m-cu (medial-cubital) is situated between M3  +  4 and 
CuA2 (Fig. 36-B); posteriorly to m-cu, M4 becomes more evident and thicker than 
the other longitudinal veins. This evidence suggest the coalescence of M4 and CuA1, 
as suggested by Comstock (1918). In Phlebotominae, as in Bruchomyiinae, M4 is 
also more evident than the other veins, suggesting that they are homologous despite 
the disappearance of the fork M3M4 and m-cu’s not being clearly evident (Fig. 36-A). 
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The vein CuA2 ends just after the m-cu; the CuP is greatly reduced and restricted 
to the stalk of the wing. A1 and A2 are rudimentary. The crossvein r-m (radial- 
medial) is situated between the basal third and the middle of the wing. The areas 
delimited by veins, cells, are named according to the vein that is anterior to them. 
Thus, the radial basal (rb) is anteriorly delimited by the RS, and apically by the 
r-m, and the medial basal (mb) by the stem of M and by the m-cu.

Since the beginning of systematic studies of Phlebotominae, various alar 
measurements, including those of the alar veins, have been suggested, and the most 
frequently used are:

Width of the wing; measured at its widest point
Length of the wing
Length of R5

alpha (α) – length of R2

beta (β) – length of the branch R2 + 3

gamma (γ) – length of the branch R2 + 3 + 4

delta (δ) – distance between fork R2R3 and the extremity of R1, positive, when 
the latter point passes the former; negative, in the reverse situation
pi (π) – distance between the forks R2 + 3 R4 and M1 M2, positive, when the former 
is situated before the latter; negative, in the reverse situation

França (1919) proposed the use of some alar ratios:

alpha/beta – (α/β) (denominated alar index)
alpha/gamma – (α/γ)
beta/gamma – (β/γ)
delta/alpha – (δ/α)

All these measurements relate to the line perpendicular to R5.

The wings have undergone successive modifications during the evolutionary 
process of the phlebotomines, the most evident being the superior portion of the 
wing has become narrower, so the radial veins have become shorter in relation to the 
length of the wing; the fork R2 R3 has moved into a more apical position; the poste-
rior portion of the wing has become wider and the medial veins have lengthened, 
the radial-basal cell (rb) has become shorter, with the apical limit (r-m) primi-
tively situated in the middle of the wing, having moved to the basal third of the 
wing. Finally, the whole wing has become narrower.

The halters (Fig.  21) that represent the original posterior wings and have the 
function of maintaining balance during flight, appear like rackets (Forattini 1973), 
with the stem being more or less longer than the apical part (knob). In the evolution-
ary process of the phlebotomines, the stem has become shorter.

Abdomen

The abdomen of the Phlebotominae consists of 11 segments. Each segment is basically 
formed, dorsally, by the tergite, ventrally, by the sternite (considerably narrower 
than the former) with the pleura making the connection between the two. The most 
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distal of the segments is denominated proctiger, formed by a pair of cerci and the 
anus (McAlpine 1981). There are five pairs of spiracles inserted in the pleura close 
to the basolateral edge of the 3rd–7th tergites.

In both sexes, the tergites of the 1st–7th segments are covered by microtrichias 
and setae of variable number and aspect. When the setae fall they leave scars that 
may be distributed as transversal bands (Fig. 92-A.) (primitive state) or randomly 
(Fig. 92-B).

The males may present, on some tergites, dark points surrounded by clear areas 
(Fig.  93), sometimes difficult to observe under the optical microscope, or clear 
points each of which is surrounded by a darker area. These structures may be lim-
ited to the central area of the tergites (Fig. 93-A), without the presence of scars of 
deciduous setae among them, or they may be dispersed over the entire surface of 
the tergite, mixed with the scars of the deciduous setae (Fig. 93-B). These dark 
points, visible under the electronic microscope, are pores and the surrounding 
clear area consists of papillae, the respective diameters of which on Lutzomyia 
longipalpis are of 0.25 μm and 3.0–3.5 μm (Lane and Ward 1984). The function of 
these structures is still the subject of speculation. However, these latter authors 
believe that they are to be associated with the excretion of pheromones. In some 
species of Brumptomyia and of Nemopalpus (Bruchomyiinae) each papilla pres-
ents an external extension projecting from the pore in the shape of a small candle 
flame, called papilla with hair (Fig. 93-D), while in the other groups of phleboto-
mines in which the papillae are present, they are invisible under the optical micro-
scope and are called papillae without hair (Fig. 93-C, E). In Sergentomyia, the 
papillae are connected internally with structures like well-sclerotized micro-setae 
(probable glandular ducts). The presence of papillae with hair on the 2nd–7th ter-
gites seems to represent the primitive condition among the phlebotomines. Many 
groups have lost the papillae on all these tergites, but in others the loss has been but 
partial. In males, the 8th tergite is very narrow and has generally been deprived of 
both setae and papillae.

In both sexes, the 1st sternite is much reduced, well sclerotized and presents a 
pair of small spiniform setae. The 2nd sternite is of a length smaller than, equivalent 
to or greater than its width and the pigmentation of the central area is sometimes 
discontinuous and thus presents a bilobed aspect, its base constituted by a well 
sclerotized narrow concave band linking it to the extremity of the 1st sternite. There 
are a few deciduous setae in the basal area (primitive state) and these always occur 
in the apical area. The sternites of the 3rd–6th segments are bell-shaped, with the 
setae arranged in the shape of a “w”. The 7th sternite is triangular, the scars of the 
deciduous setae also forming a w-shape, and it presents spiniform setae basolater-
ally and sometimes, in the central position. The 8th sternite, in the male, is like a 
tergite though greatly reduced and without setae.

The pleura are membranous and covered with microtrichias. They link the scler-
ites of the tergite and those of the sternite, as well as laterally the tergite and the 
sternite. Generally there are no setae on the lateral pleura, but in at least one group 
(subgenus Tricholateralis) they occur in great numbers on the females from the 3rd 
to the 6th segments (Fig. 38) and in lesser numbers on the males.
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The genital opening in both sexes is situated antero-ventrally to the anus. In 
females, it appears between the 8th and 9th sternites; in the males, the aedeagus 
(“penis”) that contains the opening, arises posteriorly to the 9th sternite. The 
female terminalia is constituted by the last four segments and in the males, by the 
last three.

 Female Terminalia

The female terminalia are formed by segments 8–11. The internal structures, of ecto-
dermal origin, include a pair of spermathecae and the accessory glands (McAlpine 
1981), the latter of which are destroyed during the clarification process.

The spermathecae (Figs. 37, 42, 43, 44, 45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 
55, 56, 57, 58, 59, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69, 70, 71, 72, 73, 74, 75, 76, 
77, 78, 79, 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90 and 91), sac-like or tubular 
capsules, are connected by ducts to the genital chamber. The opening into the geni-
tal chamber may be individually by individual spermathecal ducts (Figs. 42, 43, 
47, 49 and 50) or these may be joined forming the common spermathecal duct of 
variable length (Figs. 44, 45, 48, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 61, 62, 63, 
64, 65, 66, 67, 68, 69, 70, 71, 72, 73, 74, 75, 76, 77, 78, 79, 80, 81, 82, 83, 84, 85, 
86, 87, 88, 89, 90 and 91). Distally to the spermatheca occur glands and from their 
cellules arise sclerotized micro-channels that open into a certain apical area 
(Theodor 1965) called the terminal knob. This structure may be formed of a small 
salience (Figs. 50, 57 and 78) or may stand out from the spermatheca (Figs. 42, 43, 
52, 53, 54, 55 and 56). After the clarification process with KOH, the glands disap-
pear and only the micro channels (intracellular ducts) are left on the surface of the 
terminal knob, giving it a hairy aspect.

The spermatheca is surrounded by a layer of longitudinal muscles. These mus-
cles, when contracted, may provoke segmentation or temporary folds in the walls of 
the spermatheca when they are membranous or may be flattened when sclerotized. 
The tube-like spermathecae (Fig. 44), in several groups, suffer permanent segmenta-
tion, forming rings (Fig. 37-D), sometimes imbricated (Figs. 60, 61, 62, 63, 64 and 
65). A similar process occurs in some groups to the individual or common sperm 
ducts (Figs. 60, 63 and 65). The sac-like spermatheca may suffer modifications such 
as segmentation of the apical part, forming simple rings (Figs. 70, 71 and 74) or be 
of bubble-like shape (Fig.  80). The individual sperm ducts, which are generally 
tubular and slightly sclerotized (Figs. 44, 45 and 46) may suffer strong dilation, be 
of sac-like aspect (Fig. 81) or be heavily sclerotized (Figs. 83 and 84).

The 8th segment (Fig. 37-C) is formed by the tergite with a ring aspect; ventrally 
it is connected by the pleural membrane to the bilobed sternite, which is covered 
by deciduous and permanent setae. Under each lobe of the sternite there occurs a 
triangular sclerite that is hyaline in its central part and laterally more sclerotized in 
a narrow band, forming the ventral branch and the dorsal branch. In this latter the 
sclerotization is more intense and at its apex a spiniform hair is inserted. A similar 
structure was described for the Phlebotominae by Christophers and Barraud (1926) 
and called insula. Smith (1969), in his study of the evolution of the internal mor-
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Fig. 37 Abdomen and genitalia of Phlebotomine female. A – abdomen in lateral view; ste – ster-
nite; ter – tergite. B – genitalia in lateral view. C – 8th segment in ventral view: gon – gonopod; 
D – 9th segment, 10th segment and cerci in ventral view. Nyssomyia neivai
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Figs. 38–41 Aspects of the abdomen and the genitalia of phlebotomine females. 38  – 3rd  – 6th 
abdominal segments. Arrow indicates the pleural bristles: Lutzomyia (Tricholateralis) sherlocki; 
39 – genital fork presenting a notch on the upper part of the genital chamber: Pintomyia (Pifanomyia) 
monticola; 40 – 9th segment in dorsal view showing non deciduous setae in the median region of the 
tergite. Pintomyia (Pifanomyia) sp. (Pia series); 41 – 9th segment showing a sclerotized protuber-
ance on the tergite: A – lateral view and B – dorsal view: Migonemyia (Migonemyia) migonei
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Figs. 42–50 Aspects of spermathecae and their ducts of several groups of Phlebotominae. 42 – 
Warileya phlebotomanica; 43 – Phlebotomus papatasi; 44 – Migonemyia (Migonemyia) migonei; 
45  – Lutzomyia (Tricholateralis) cruciata; 46  – Brumptomyia brumpti; 47  – Migonemyia 
(Blancasmyia) gorbitzi; 48  – Micropygomyia pilosa; 49  – Viannamyia tuberculata; 50  – 
Psathyromyia (Forattiniella) aragaoi
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Figs. 51–59 Aspects of spermathecae and their ducts of Psychodopygina: 51  – Psathyromyia 
(Psa.) shannoni; 52  – Pa. (Psa.) lanei; 53  – Pa. (Xiphopsathyromyia) dreisbachi; 54  – Pa. 
(Forattiniella) lutziana; 55  – Martinsmyia alphabetica; 56  – Trichophoromyia auraensis; 57  – 
Trichophoromyia ubiquitalis; 58  – Martinsmyia gasparviannai; 59  – Bichromomyia 
flaviscutellata
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Figs. 60–68 Aspects of spermathecae and their ducts of Psychodopygina: 60 – Psychodopygus 
chagasi; 61 – Ps. davisi; 62 – Ps. panamensis; 63 – Ps. ayrozai; 64 – Ps. arthuri; 65 – Ps. par-
aensis; 66 – Nyssomyia anduzei; 67 – Ny. yuilli pajoti; 68 – Ny. fraihai

E. A. B. Galati



101

Figs. 69–77 Aspects of the spermathecae and their ducts of Lutzomyiina. 69 – Pintomyia (Pin.) 
fischeri; 70 – Pi. (Pifanomyia) sp. (Pia series); 71 – Pi. (Pif.) verrucarum; 72 – Pi. (Pif.) robusta; 
73 – Dampfomyia (Dam.) anthophora; 74 – Pi. (Pif.) pacae; 75 – Da. (Coromyia) vespertilionis; 
76– Trichopygomyia longispina; 77 – Pressatia triacantha
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phology of the insects, called this structure the 8th gonapophyse, also known as 
anterior gonapophyse, first or ventral gonapophyse, hypogynial valve, lancet, saw, 
stiletto, valve 1 and other denominations. McAlpine (1981) adopted hypogynial 
valve and Jobling (1987), spatulate stems. Smith’s denomination (8th gonapophyse) 
has been adopted here. Internally to this and immediately above the genital chamber 
there is a membranous projection covered by hairs. No references to the origin of 
this structure have been found, thus the denomination insula has been adopted for it, 

Figs. 78–86 Aspects of the spermathecae and their ducts of Lutzomyiina. 78 – Expapillata firma-
toi; 79  – Evandromyia (Eva.) correalimai; 80 – Ev. (Eva.) saulensis; 81 – Ev. (Barrettomyia) 
tupynambai; 82  – Ev. (Eva.) infraspinosa; 83  – Ev. (Aldamyia) walkeri; 84  – Ev. (Bar.) mon-
struosa; 85 – Ev. (Bar.) cortelezzii; 86– Sciopemyia sordellii
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in accordance with Jobling (1987), as it seems to have the function of closing the 
entrance to the ovarian channel.

The 9th tergite, with a semi-anular shape, presents deciduous hairs, more con-
centrated latero-posteriorly, and in some groups, in its central part, permanent hairs 
may occur (Fig. 40). In some species occurs a small protuberance situated in the 
latero-basal (Fig. 41) or latero-apical part.

The 9th sternite transformed into the branch of the genital fork (Fig. 37).
The 10th tergite (Fig. 37) occurs in a narrow heavily sclerotized band, obliquely 

situated between the cercus and the 9th tergite.
The 10th sternite (Fig. 37) closely associated with the cerci.
The 11th segment (Fig. 37). The tergite and sternite consolidated to form the 

proctiger, forming in its turn, the cerci and the anus. The cercus may present a 
pointed or rounded apex.

The genital chamber or vagina (Figs. 37 and 39) is the area between the branches 
of the genital fork, where the opening of the spermathecae and the accessory glands 
(collateral or of mucus) are situated. The opening of these latter is situated posterior 
to the spermathecae (Forattini 1973). The accessory glands are not sclerotized and 
so they are not observable after clarification with KOH. Their function is to produce 
adhesive substances for the fixing of the eggs on the substrate. A membrane occurs 
in the central part of the genital chamber that is united with the branches of the fork. 
For nuliparous females of Migonemyia migonei this membrane has been observed 
to form folds close to the branches of the furca (Tang and Añez 1995).

Figs. 87–91 Aspects of the spermathecae and their ducts of Sergentomyiina. 87  – Deanemyia 
samueli; 88 – Micropygomyia (Coquillettimyia) vexator; 89 – Mi. (Sauromyia) atroclavata; 90 – 
Mi. (Sau.) oswaldoi; 91 – Mi. (Mic.) cayennensis
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 Male Terminalia

The male Terminalia follow the basic plan of Diptera, and according to McAlpine 
(1981) eight elements integrate the terminalia of this group of insects:

 – 9th tergite, the epandrium (genital arch) frequently presenting a pair of lobes 
(epandrial lobes)

 – 9th sternite or hypandrium
 – A pair of gonopods situated posterolaterally to sternite 9 and consisting of a 

basal gonocoxite (‘basistylus’, ‘basimere’) and an apical gonostyle (gonostylus, 
‘dististylus’, ‘distimere’, ‘clasper’)

 – A pair of parameres, unsegmented paraphallic processes, situated between the 
posterolateral base of the parameral sheath and dorsomedial base of the 
 gonocoxites. In a lateral view, the parameres lie between the gonocoxites and the 
set formed by tergite 9 and tergite 10; with the parameral sheath between them.

 – A central phallic organ, the aedeagus (‘penis’), lies immediately behind the 9th 
sternite.

 – 10th tergite, closely associated with the 9th tergite, in those groups in which it 
is fused (Hertigiini), or with the lateral lobes, as in the majority of phlebotomines 
in which the 9th tergite is completely separated

 – A simple 10th sternite (‘ventral epandrial plate’)
 – The vestigial tergite and sternite of the 11th segment consolidated to form the 

proctiger, where the cerci and the anus arise

In Phlebotominae the 9th tergite was, primitively, a single basal band with the 
epandrial lobes appearing apically (Fig. 95). Posteriorly, the single band disappears 
completely, only the epandrial lobes remaining (Fig. 94). These latter present a 
rounded apex covered with deciduous hairs; some groups have permanent setae in 
this apical region that even resist clarification (Fig. 165). The length of the 9th tergite 
or epandrial lobes in relation to the proctiger is highly variable. Primitively, both 
were of equal length in Lutzomyiina, but in the ancestor of Pressatia+, the epandrial 
lobe became longer and underwent an oblique constriction in the pre-apical region 
(Figs. 157 and 158), and the posterior break and loss of the apical region gave rise 
to the pointed apex (Evandromyia, Figs. 159, 160, 161, 162, 163, 164 and 165). 
The 9th sternite is also greatly reduced and bare. The gonostyles (Figs. 114, 115, 
116, 117, 118, 119, 120, 121, 122, 123, 124, 125, 126, 127, 128, 129, 130, 131, 132, 
133, 134, 135, 136 and 137), except in Hertigiini, are frequently smaller than the 
gonocoxites; their external surface is generally covered by deciduous hairs though 
in some groups it may present permanent hairs (Figs. 114 and 115), having spines 
of varying stages of development and number. The arrangement of these spines 
tends to occur in the following ways (Fig. 95): one or two apical spines (apical 
spine(s)), when the two are present one of them is situated externally and slightly 
pre-apically; in several groups this has atrophied and is called the spiniform pre-
apical seta (Figs. 120, 121, 122, 123, 125, 126, 127, 128 and 129); two are situated 
on the external surface (upper external spine and lower external spine) and one 
on the internal face (internal spine). The primitive development and site of these 
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Fig. 92 2nd – 5th male tergites with the arrangement of the deciduous bristles. A – in two transver-
sal bands: Warileya phlebotomanica. B – randomly: Nyssomyia intermedia
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Fig. 93 Distribution and aspects of the tergal papillae on 4th tergite. A – restricted to the central area: 
Lutzomyia longipalpis; B – dispersed over the entire surface of the tergite, among the deciduous 
bristle scars: Pintomyia fischeri. C – E – aspects of the papillae on the 6th tergite: C – papillae without 
hair and without clear demarcation of their borders. D – Papillae with hair: Brumptomyia cardosoi; 
E – papillae without hair and with a clear demarcation of their borders: Evandromyia walkeri
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spines are probably represented by five highly developed spines, two of them apical, 
two external, inserted on the apical half, and the internal one situated on the apical 
third. The gonocoxites, which are generally cylindrical, have undergone a central 
constriction (Fig. 153). Their external surface is covered with deciduous hairs and 
the internal one frequently presents permanent hairs throughout its length (Fig. 149) 
or forming individualized tufts, apical (Figs. 141, 142 and 143), median (Fig. 145) 
or basal (Figs. 145, 146, 147 and 148). These hairs may be spiniform (Figs. 146 and 
147), semifoliaceous (Fig. 147) or foliaceous (Fig. 144), inserted directly into the 
surface (Figs. 139, 146 and 149) or in small tubercles (Figs. 141, 142, 143 and 147) 
or columnar tubercles (Figs. 144 and 148). Various groups of Lutzomyiina present 
a sclerotized longitudinal band situated on the ventral edge (Figs. 145, 146 and 148). 
The parameres (Figs. 166, 167, 168, 169, 170, 171, 172, 173, 174, 175, 176, 177, 
178, 179, 180 and 181) are those which have undergone the greatest modification 
both in terms of their shape and their hairy covering. As regards their shape, on a 
lateral view, it may be simple, digitiform (primitive aspect) (Figs. 94 and 166) or 
have processes and branches, generally on the dorsal edge (Figs. 169, 170, 177, 178, 
179, 180 and 181) and one or more elbows (protuberances) on the ventral edge 
(Figs. 167 and 168). Their dorsal edge may be straight or concave, with their apex 
turned towards the gonocoxites, or convex, with their apex turned towards the 

Fig. 94 Male genitalia of Phlebotominae. A – lateral view; B and C – ventral view. Micropygomyia 
oswaldoi. ter – tergite; ste – sternite; low. ext. – lower external; upp ext. – upper external
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Fig. 95 Ventral view of parts of the male genitalia of Phlebotominae. Photo - arrow indicating the 
insertion of the hypandrial apodemes in the 9th sternite (hypandrium). Warileya phlebotomanica
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epandrial lobes (Fig.171); the apical region and the dorsal edge are covered with 
hairs, generally spiniform, to a greater or lesser extent.

The aedeagus, according to Cumming and Wood (2009), consists of an intromi-
tent tubular organ with an external opening, the phalotrema. Associated with the 
aedeagus is the sperm pump that is formed of the ejaculatory apodeme and the 
sperm sac. In Phlebotominae the aedeagus is bifurcated forming two ducts, the 
aedeagal ducts (Figs. 94 and 95), which have been variously denominated ejacula-
tory filaments (Forattini 1973), genital filaments (Jobling 1987; Young & Duncan 
1994) and ejaculatory ducts (Forattini 1973; Galati 2003), as well as their associ-
ated structures, namely, the ejaculatory apodeme [rod (Jobling 1987) and piston 
(Galati 2003)], the sperm sac [chamber (Galati 2003)], the sperm pump [pompetta 
(Jobling 1987), genital pump (Young & Duncan, 1994) and ejaculatory pump 
(Galati, 2003)]. The ejaculatory apodeme, in its anterior part, is called the pavillion 
(Galati 2003a, b) (Fig. 95). The aedeagal ducts can be short (primitive character) or 
long, thin or thick and are similar in length and width to the length and width of the 
spermathecal ducts; they may be smooth or transversally striated to a greater or 
lesser extent; in their preapical region they may be straight, tapered or dilated and 
their apex may be truncated, oblique, spear-like, hooked, bifurcated, spoon-like or 
clavate, with or without small teeth, or of some other shape (Figs. 96, 97, 98, 99, 
100, 101, 102, 103, 104, 105, 106, 107, 108, 109, 110, 111, 112 and 113). The pair 
structure, conical (Figs. 94, 166, 167, 168, 169, 170, 171, 172, 173, 174, 175, 176, 
177, 178, 179, 180 and 181) or with ramifications (Fig. 178), situated between the 
parameres and through which the aedeagal ducts can become external has been 
called the aedeagus by almost all those who deal with phlebotomine taxonomy. 
However, bearing in mind the definition of this organ presented above and adopted 
for the majority of the groups of Diptera, we suggest the use of the term parameral 
sheath [= aedeagal sheath (Ilango 2004 )], which is present in some other subfami-
lies of Psychodidae. The ejaculatory duct forms the connection between the vesic-
ula seminalis and the sperm sac (Jobling 1987; Cumming and Wood 2009), both of 
which are destroyed in the process of clarification of the sand fly specimen. Parallel 
to the sperm pump and the aedeagal ducts in part of or throughout their length in 
some genera of Hertigiini, a pair of a sclerotized rods (Fig. 95B) may be present. 
These structures were interpreted by Ilango (2004) as the anterior extension of the 
aedeagal sheath originating between the bases of the gonocoxite, aedeagal sheath 
and paramere, named by that author the gonocoxal/hypandrial apodeme of the 
aedeagal sheath. However, in Warileya these apodemes seem to originate in the 
hypandrium at the point of insertion of the parameres as can be seen in Fig. 95- C. 
Therefore, their denomination as hypandrial apodemes is adopted here.

Tergite 10 is formed of sclerotized plates placed longitudinally at the base of 
tergite 9 (epandrium) or the epandrial lobes. The cerci are well developed, covered 
with hairs and microtrichia, presenting a rounded or pointed apex. Sternite10 is 
found in close association with the cerci and tergite 10 (Fig. 94).
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Figs. 96–113 Aspects of the terminal part of the aedeagal ducts: 96 – blunt apex: Lu. longipalpis; 
97 – beveled apex: Pa. shannoni; 98 – apex in the form of semi lance: Pa. brasiliensis; 99 – curved 
in beveled apex: Mi. longipennis; 100 – striated duct with curved beveled apex: Pa. dendrophyla; 
101  – curved and toothed apex: Ma. gasparviannai; 102  – funnel-shaped apex: Ev. teratodes; 
103 – blunt apex with a barb; preapical region of the duct with a sclerotized protuberance: Ev. 
termitophila; 104 – clavate apex: Ev. walkeri; 105 – strongly sclerotized bifurcated apex: Ev. lenti; 
106 – losenge-shaped apex: Pa. runoides; 107 – clavate apex: Th. auraensis; 108A – ladle-shaped 
apex: Ny. intermedia; 108B – spoon-shaped or fish-knife shaped: Ny. neivai; 109 – bifurcated apex: 
Ny. whitmani; 110 – apex with barbs: Ny. yuilli pajoti; 111 – duct curved in its pre-apical region 
and apex provided with appendix: Vi. tuberculata; 112 – striated duct with blunt apex: Ev. brachy-
phala; 113 – duct with curved preapical region and blunt apex: Pa. aragaoi
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Figs. 114–119 Gonostyles of Phlebotominae: position and development of the spines: 114  – 
Phlebotomus papatasi; 115  – Brumptomyia ortizi; 116  – Oligodontomyia toroensis; 117  – 
Edentomyia piauiensis; 118 – Deanemyia samueli; 119 – Lutzomyia forattinii
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Figs. 120–129 Gonostyles of Phlebotominae: 120 – Migonemyia gorbitzi; 121 – Mg. migonei; 
122 – Pintomyia fischeri; 123 – Lutzomyia longipalpis; 124 – Evandromyia correalimai; 125 – 
Trichopygomyia longispina; 126  – Evandromyia cortelezzii; 127  – Pressatia triacantha; 128  – 
Dampfomyia anthophora; 129 – Dampfomyia sp. de Suchitepequez (Delpozoi group)

E. A. B. Galati



113

Figs. 130–137 Gonostyles of Phlebotominae. 130  – Lutzomyia cruciata; 131  – Psathyromyia 
lanei; 132 – Viannamyia tuberculata; 133 – Micropygomyia pilosa; 134 – Psychodopygus genicu-
latus; 135 – Ps. chagasi; 136 – Trichophoromyia auraensis; 137 – Martinsmyia alphabetica
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 Identification of the Taxa of the Americas

The identification keys for the supraspecific taxa of American phlebotomine sand-
flies have been developed according to Galati’s (1995) classification presented in 
the previous section, with the Edentomyia genus later described and the series of the 

Figs. 138–143 Aspects of the shape and setae of the Phlebotominae gonocoxite. 138 – Hertigia 
hertigi; 139 – Warileya phlebotomanica; 140 – Brumptomyia brumpti; 141 – Phlebotomus papa-
tasi; 142 – Migonemyia migonei; 143 – Mg. gorbitzi
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Figs. 144–148 Shapes and setae of Phlebotominae gonocoxites. 144 – Lutzomyia almerioi; 145 – 
Pintomyia (Pifanomyia) verrucarum; 146  – Pintomyia (Pintomyia) fischeri; 147  – Lutzomyia 
(Tricholateralis) carvalhoi; 148 – Pressatia triacantha
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Figs. 149–155 Shapes and setae of the Phlebotominae gonocoxite. 149  – Trichophoromyia 
auraensis; 150 – Viannamyia tuberculata; 151 – Psathyromyia lanei; 152 – Martinsmyia alpha-
betica; 153 – Psychodopygus chagasi; 154 – Psathyromyia aragaoi; 155 – Micropygomyia pilosa
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Figs. 156–165 Epandrial lobes. 156 – swollen: Dampfomyia vespertilionis; 157, 158 – oblong 
apex with a preapical notch: 157 – Pressatia triacantha; 158 – Trichopygomyia longispina; 159 – 
165: tapered beveled: 159 – Evandromyia walkeri; 160 – Ev. monstruosa; 161 – Ev. correalimai; 
162 – Ev. tupynambai; 163 – Ev. cortelezzii; 164 – Ev. saulensis; 165 - presence of non-deciduous 
setae: Ev. infraspinosa
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subgenus Helcocyrtomyia and of the genus Psychodopygus added to it. The abbre-
viation of the names of the genera and subgenera are those of Marcondes (2007).

PSYCHODIDAE: Both sexes: body densely covered by hairs that give a hairy 
aspect. Antennae with flagellum consisting of articulated flagellomeres. Wing with 
9–11 longitudinal veins reaching the wing’s edge, the subcosta with the inflection 
point towards either the costal vein or the R1 before reaching the middle of the 
wing. The Radial sector has three or more veins, R1 reaching the costa beyond its 
apical half; the Medial sector with four veins, M4 being united with CuA1; the more 
distal transversal vein r-m is located in the middle or before the middle of wing.

Figs. 166–174 Parameres and parameral sheaths of Phlebotominae. 166 – Martinsmyia alpha-
betica; 167 – Evandromyia tupynambai; 168 – Pressatia triacantha; 169 – Trichopygomyia longi-
spina; 170  – Ev. infraspinosa; 171  – Migonemyia gorbitzi; 172  – Psathyromyia lanei; 
173 – Viannamyia tuberculata; 174 – Trichophoromyia auraensis
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Figs. 175–181 Parameres and parameral sheaths of Phlebotominae. 175  – Lutzomyia castroi; 
176  – Lutzomyia longipalpis; 177  – Lutzomyia dispar; 178  – Trichopygomyia dasypodogeton; 
179  – Dampfomyia anthophora; 180  – Psychodopygus panamensis; 181  – Psychodopygus 
chagasi

PHLEBOTOMINAE: Both sexes: antennae with flagellum consisting of 14 flag-
ellomeres. Wing: R2, R3, R4, R5 veins isolatedly reaching the wing’s edge; the 
transversal vein r-m is located between the basal third and the middle of the wing 
and the vein CuA2 is short ending before the beginning of M3 and M4, these latter 
without any connection between them (Fig. 36). Males: mandibles absent for the 
great majority of the species, but may be present with an atrophied aspect in some 
few species. Females: mandibles and a pair of spemathecae present.
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Identification Keys for Tribes, Subtribes, Genera, Subgenera, Species Groups, Species 
Series and Some Species of Incertae Sedis

1 Both sexes: proepimeral and upper anepisternal setae absent; metathoracic furca with 
non-united vertical arms (Fig. 27-C); abdominal tergite setae grouped in two transversal 
bands (Fig. 92-A) …………HERTIGIINI .................................................................... 2
Both sexes: proepimeral and upper anepisternal setae present; metathoracic furca with 
united vertical arms (Fig.  27-A, B); abdominal tergite setae not grouped in two 
transversal bands (Fig. 92-B)...PHLEBOTOMINI ....................................................... 3

2(1) Both sexes: clypeus without setae .....................................................................Hertigia
Both sexes: clypeus with setae ......................................................................... Warileya

3(1) Both sexes. Cibarium: absence of anterior and posterior teeth, sclerotized area and the 
posterior protuberance (Fig. 19-B); labial sutures forming a fork (Fig. 10-C); thorax: 
presence of the post-alar seta and long suture between the katepimeron and 
metapisternum (Fig.  23). Males: gonostyle with five well-developed spines, two of 
them apical, two external implanted isolatedly on the fourth apical and the internal one 
in its middle (Fig. 117). Females: spermathecae segmented, individual spermathecal 
ducts 3–4 × the length of the common duct ................................Edentomyia piauiensis
Although without the complete set of the above characteristics, one or more of them 
may be present .............................................................................................................. 4

4(3) Both sexes: external ascoid of flagellomere I located more basally than the internal one 
(Fig.  14-A). Males: gonostyle with the two external spines located on one single 
tubercle (Figs.  115 and 116). Females: spermathecae segmented and the individual 
sperm ducts very long, four or more × the length of the spermatheca (Fig. 46); cibarium 
with the anterior teeth lying horizontally and sometimes in lateral position (Fig. 19-C) 
...…...........................................................................BRUMPTOMYIINA ................... 5
Although without the complete set of the above characteristics, one or more of them 
may be present .............................................................................................................. 6

5(4) Both sexes: ascoids with posterior prolongation (Fig. 15), post-alar seta absent. Males: 
gonocoxite with stout, straight setae in the apical region of the inner side (Fig. 140). 
Females: cibarium with the anterior teeth lying horizontally, forming several 
longitudinal rows, the sclerotized area located posterior to the teeth (Fig. 19-C)  .........
Brumptomyia
Both sexes: ascoids without posterior prolongation, post-alar setae present (Fig. 23). 
Males: gonocoxite without setae in the apical region. Females: cibarium with little 
developed posterior teeth, the anterior teeth do not form rows and there is no sclerotized 
area ........................................................................................................ Oligodontomyia

6(4) Both sexes: ventro-cervical sensilla absent; setae in the anterior region of katepisternum 
absent, except for Bichromomyia; 4th palpal segment perceptibly smaller than the 2nd. 
Males: external ascoid of flagellomere I located at variable level as compared to the 
internal one. Females: cibarium with the anterior teeth vertically and/or laterally 
located, well-developed and forming several transversal rows (Figs. 18-A and 20-H, I) 
.....................................................................................................PSYCHODOPYGINA
Both sexes: generally, ventro-cervical sensilla are present (Figs. 21 and 25), but when 
absent, setae are present in the anterior region of the katepisternum (Fig. 24). 4th palpal 
segment longer than, equal to or shorter than the 2nd. Males: external ascoid of 
flagellomere I located more apically than the internal one (Fig.  14-C). Females: 
cibarium with anterior teeth that can be horizontal (Fig. 19-D), lateral (Fig. 20-D, F) or 
vertical (Fig. 20-A, B, C, E, G), in this latter case, generally, they are located in one or 
two transversal rows ...................................................................................................... 7
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7(6) Both sexes: 2nd palpal segment shorter than or equivalent to the 4th; sets of Newstead’s 
sensilla located in the basal half of the 3rd palpal segment (Fig.  13-E); absence of 
papilla on flagellomere III (Fig. 16-A); apical, median and basal papillae of flagellomere 
XI also absent (Fig.  17-B). Females: teeth of the hypopharynx generally poorly 
demarcated or absent (Fig. 9-E, F, G); developed teeth in the pharynx present (Fig. 18-B) 
or absent (Fig. 18-A) ....................................................................SERGENTOMYIINA
Both sexes: 2nd palpal segment equivalent to or longer than the 4th; sets of Newstead’s 
sensilla located in the middle of the 3rd palpal segment or scattered, also on the apical 
half (Fig. 13D); papilla on flagellomere III present (Fig. 16-B) [except for Sciopemyia, 
partim, (Tricholateralis), (Dampfomyia) and Evansi series]; papillae on flagellomere 
XI may be present or not. Females: hypopharynx bearing well demarcated teeth 
(except for Sciopemyia and Coromyia); developed teeth absent from the pharynx 
(Fig. 18-A) .......................................................................................... LUTZOMYIINA

SERGENTOMYIINA - Genera, Subgenera and Series of Species
1 Both sexes: setae present in the anterior region of the katespisternum (Fig. 24); post-

alar setae present (Fig.  24); Labial sutures not forming a fork (Fig.  10-B). Males: 
gonostyle with two well developed apical spines and the inner spine atrophied 
(Fig.  118); paramere with or without appendage on the dorsal margin. Females: 
spermathecae superficially segmented (Fig. 87) ...........................................Deanemyia
Both sexes: setae absent in the anterior region of the katespisternum (Fig. 24); post-
alar setae absent; labial fork present (Fig. 10-C). Males: gonostyle with one or two well 
developed apical spines and the inner spine developed; paramere without appendage on 
the dorsal margin..................…………………………….....Micropygomyia .............. 2

2(1) Both sexes: well-developed spines present in the pharynx (Fig.  18-B). Males: FI  
longer than head length; gonostyle with one apical spine. Females: flagellomere  
I ca. 0.9 times the head length; cibarium bearing two pairs of posterior (horizontal) 
teeth ........................................................................................................Mi. (Silvamyia)
Both sexes: well-developed spines in the pharynx present or absent. Males: FI shorter 
than head length; gonostyle with one or two apical spines. Females: flagellomere I 
shorter than 0.75 times the head length ........................................................................ 3

3(2) Both sexes: undeveloped spines in the pharynx. Males: gonocoxite with basal compact 
tuft of 4–7 setae; gonostyle with two apical spines and the inner spine located before its 
middle. Females: ascoids of flagellomere II with apex reaching or passing the papilla; 
cibarium with short cibarial chamber, with two or more pairs of horizontal teeth, the 
external teeth turned outwards; small and bulbous spermathecae shorter than the 
terminal knob or elongated, in this case, striated or ringed; visible common sperm duct 
………………………………………………………....Mi. (Coquillettimyia) ............ 4
Although without the complete set of the characteristics above, one or more of them 
may be present .............................................................................................................. 5

4(3) Males: epandrial lobe equivalent to or longer than gonocoxite; pre-apical region  
of aedeagal ducts losange-shaped (Fig.  106). Females: cibarium with two or three 
pairs of horizontal teeth; small and spherical spermathecae, a little wider than  
the individual sperm ducts that are long and narrow towards the spermatheca  
(Fig. 88) ..................................................................................Mi. (Col.) Vexator series
Males: epandrial lobe shorter than gonocoxite; pre-apical region of aedeagal ducts 
losange-shaped or not. Females: cibarium with two pairs or more of posterior teeth; 
spermathecae ringed or striated  .....................................Mi. (Col.) Chiapanensis series

Phlebotominae (Diptera, Psychodidae): Classification, Morphology and Terminology…



122

5(3) Males: gonostyle with four spines, the lower external one being atrophied (Fig. 133). 
Females: cibarium with long, narrow chamber, various anterior teeth are laterally 
placed and the two posterior pairs are united at the base (Fig.  20-B); ascoid of the 
flagellomere II long, its apex almost reaching that of the article; rudimentary common 
spermathecal duct (Fig. 48) ………....(Micropygomyia), partim  ................................. 
....................................................................................................Mi. (Mic.) Pilosa series
Males: gonostyle with four or five well developed spines (Fig.  94-A). Females: 
cibarium short with wide or narrow chamber; posterior teeth united or not at the base 
(Fig.  20-B), anterior teeth in vertical or horizontal position; evident common 
spermathecal duct, even if short (Figs. 89, 90 and 91) ................................................. 6

6(5) Males: gonostyle with four spines and gonocoxite without tuft of setae in the basal and/
or median region. Females: ascoids of flagellomere II short, generally their apex not 
reaching the point of insertion of the papilla and their length equivalent to one-third or 
half that of the article (Fig. 16-A); cibarium with two or more pairs of posterior teeth 
united at the base (Fig.  20-C); spermathecae smooth or segmented 
..........…...........(Micropygomyia), partim ...................... Mi. (Mic.) Cayennensis series
Males: gonostyle with four or five (Fig.13) spines; in this latter case, the gonocoxite 
has or not a tuft of setae in the median region. Females: cibarium with two pairs of 
posterior teeth; apex of the ascoids of flagellomere II generally reaches or passes the 
point of insertion of the papilla or their length is equivalent to more than half that of the 
article, spermathecae ringed (Fig. 90) or smooth (Fig. 74) ……….......Mi. (Sauromyia)
....................................................................................................................................... 7

7(6) Males: gonostyle with four spines, one apical. Females: pharynx with strong sclerotized 
transversal striae (Fig. 18-B)  ............................................ Mi. (Sau.) Atroclavata series
Males: gonostyle with five spines, two of which are apical. Females: pharynx without 
sclerotized transversal striae; cibarium with two teeth united or not at the base, may be 
present and inclined towards the median line and sometimes there is a projection 
between the inner pairs ........................................................ Mi. (Sau.) Oswaldoi series

LUTZOMYIINA - Genera, Subgenera, Group and Series of Species
1 Both sexes: setae present in the anterior region of the katepisternum (Fig. 24); head and 

labrum-epipharynx short, so that the sum of both is equivalent to or shorter than the 
sum of flagellomeres I + II. Males: gonostyle with one apical spine and absence of the 
pre-apical spiniform seta. Females: hypopharynx with atrophied teeth (Fig.  9-F); 
spermathecae segmented (Fig. 86)  .............................................................. Sciopemyia
Although without the complete set of the characteristics above, one or more of them 
may be present .............................................................................................................. 2

2(1) Both sexes: absence of the papilla on flagellomere III (Fig. 16-A); abdominal pleura 
with setae (more evident in females) (Fig. 38). Males: gonostyle with one apical spine 
and absence of the pre-apical spiniform seta (Fig.  130). Females: spermathecae 
segmented (Fig. 45) …….…..Lutzomyia, partim  ........................Lu. (Tricholateralis)
Although without the complete set of the characteristics above, one or more of them 
may be present .............................................................................................................. 3

3(2) Both sexes: papilla on flagellomere III present (Fig. 15-A); absence of setae on the 
abdominal pleura. Males: gonostyle with two well-developed apical spines; paramere 
simple, digitiform, without enlarged setae with a hook-shaped apex in the middle 
region of its dorsal margin. Females: presence of setae on the anterior edge of the 
katepisternum, except in the complex Noguchii which presents small eyes (equal to or 
smaller than the clypeus), spermathecae segmented..........................................Lutzom
yia, partim ....................................................................................Lu. (Helcocyrtomyia)
Although without the complete set of the characteristics above, one or more of them 
may be present .............................................................................................................. 4
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4(3) Both sexes: absence of setae on the anterior region of the katepisternum. Males: 
gonostyle with two or one developed apical spines, in this latter case the pre-apical 
spiniform seta may be present or not; gonocoxite without a sclerotized longitudinal 
band in its basal inner area (Fig. 144) and with a tuft of up to seven setae; basal or 
median region of the dorsal margin of the paramere with one or more setae, different 
from the apical ones, generally with a hook-shaped apex. Females: spermathecae 
segmented; common spermathecal duct short, the individual spermathecal ducts 
being at least four times as long as the spermathecae or the common duct 
………………………………………………………Lutzomyia, partim  ..................5
Males: Although without the complete set of the characteristics above, the gonostyle 
presents a developed apical spine and generally the pre-apical spiniform seta is present. 
Females: spermathecae not totally segmented [except in Ev. (Ald.) termitophila, but in 
this case, the individual sperm ducts are as long as the spermatheca], may be elongated 
(Figs. 44, 74 and 84) or bulbous, with (Figs. 70, 71 and 72) or without transversal striae 
(Figs.  77, 78, 81 and 83), the length of the individual spermathecal ducts does not 
exceed 2.5 times the length of the common sperm duct (Figs. 69, 70, 71, 72, 73, 74, 75, 
76, 77, 78, 79, 80, 81, 82, 83 and 84) [except in Ev. (Bar.) Cortelezzii series (Fig. 85)] 
....................................................................................................................................... 6

5(4) Males: gonostyle with one apical spine and pre-apical spiniform seta, the external 
spine located more apically than the internal one, or both at the same level. Females: 
cibarium with incomplete sclerotized arch and horizontal anterior teeth (Fig.  19-D) 
............................................................................................................. Lu. (Castromyia)
Males: gonostyle with two apical spines or one, in which latter case the pre-apical 
spiniform seta may or may not be present and the external lower spine located, 
distinctively, more basally than the inner. Females: cibarium with complete sclerotized 
arch with vertical and/or lateral anterior teeth ......................................Lu. (Lutzomyia)

6(4) Both sexes: flagellomere I short, smaller than or equivalent to half the length of the 
head. Males: inner basal face of gonocoxite without sclerotized longitudinal band 
(Figs. 142 and 143); gonostyle with the inner spine located very close to the apex 
(Fig. 120) or in its apical third (Fig. 121), more apically or at the same level as the 
upper external spine. Females: common spermathecal duct very short or absent, 
spermathecae tubular (Figs. 44 and 47) or bulbous Migonemyia  .............................. 7
Both sexes: flagellomere I generally longer than half the length of the head. Males: 
gonostyle with spines otherwise than stated immediately above; inner basal face of 
gonocoxite with sclerotized longitudinal band (Figs.  145, 146 and 147) (except Pi. 
(Pif.) Monticola series and Trichopygomyia). Females: spermathecae of variable 
aspect (Figs. 69, 70, 71, 72, 73, 74, 75, 76, 77, 78, 79, 80, 81, 82, 83, 84 and 85) and an 
evident common duct  ................................................................................................... 8

7(6) Both sexes: ventro-cervical sensilla absent. Males: gonostyle with the inner spine 
located in its apical third (Fig. 121). Females: small sclerotized protuberance present 
on 9th tergite (Fig. 41) ..................................................................... Mg. (Migonemyia)
Both sexes: ventro-cervical sensilla present. Males: gonostyle with the inner spine 
located almost apically (Fig.  120). Females: small sclerotized protuberance on 9th 
tergite absent ....................................................................................Mg. (Blancasmyia)

8(6) Males: paramere simple, without jagged protuberance in the pre-apical region of the 
ventral margin (Figs. 167 and 168); epandrial lobe distinctively narrower than gonocoxite 
and with rounded apex (Fig.  94). Females: apex of the common spermathecal duct 
reaching or passing the middle of the genital furca stem (Figs. 69, 70, 71, 72 and 74); 8th 
tergite, generally, with setae (Fig. 37-B) ………….…………………Pintomyia .............9
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Males: paramere simple, generally, with jagged protuberance in the pre-apical region 
of the ventral margin (Figs.  167, 168 and 179) or with lobe on the dorsal margin 
(Fig. 169) or branched (Fig. 170); epandrial lobes of variable aspect. Females: common 
spermathecal duct long or short, setae of the 8th tergite absent (except in Expapillata 
and Trichopygomyia, partim) ...................................................................................... 18

9(8) Both sexes: posterior femur with spines (Fig. 35). Females: individual spermathecal 
ducts sclerotized in their distal half (Fig. 69) ............................Pintomyia (Pintomyia)
Both sexes: posterior femur without spines. Females: individual spermathecal ducts 
not sclerotized in their distal half.......……………………..................Pintomyia 
(Pifanomyia) ............................................................................................................... 10

10(9) Both sexes: presence of the apical papilla on flagellomeres XI and X. Males: aedeagal 
ducts at least four times as long as the sperm pump. Females: common spermathecal 
duct very long, three times or more the length of the genital furca stem.................... 11
Both sexes: absence of the apical papilla on flagellomeres XI and X. Males:  
aedeagal ducts are, at most, five times longer than the sperm pump. Females: 
common spermathecal duct reaches a maximum of twice the length of the genital 
furca stem  .............................................................................................................. 12

11(10) Males: aedeagal ducts four times or slightly more the length of the sperm pump. 
Gonocoxite with a tuft of ca. 12 setae of different lengths. Paramere: ventral margin 
straight as far as its pre-apical region where it turns towards the gonocoxite almost at a 
right angle; dorsal margin with accentuated concavity as far as the pre-apical region; 
spiniform setae restricted to the pre-apical area. Females: spermathecae tubular, 
without clear transition to the individual ducts; common duct smooth in its central 
region, ca. four × wider than the spermathecae at its widest point..................................
...........(Incertae sedis) ............................................................  Pi. (Pif.) diamantinensis
Males: aedeagal ducts long, six or more times the length of the sperm pump. Gonocoxite 
with a tuft of up to eight setae. Paramere: ventral margin not forming an accentuated 
angle; dorsal margin pratically straight and with the setae extending along the apical 
third. Females: individual spermathecal ducts with clear transition to the spermatheca; 
common duct smooth or striated in its central region or narrower than the spermatheca 
at its greatest width (Fig. 74) ........................................................Pi. (Pif.) Pacae series

12(10) Males: gonostyle with three external spines. Females: 9th tergite frequently  
has permanent spiniform setae in its central region (Fig.  40); spermathecae 
vesiculous, though with a clear narrower collar-shaped apical ring  
(Fig. 70) ........................................................................................ Pi. (Pif.) Pia series
Males: gonostyle with one or two external spines. Females: spermathecae with 
different aspect from that described above ................................................................. 13

13(12) Both sexes: thoracic pleura and coxae dark brown. Males: tergal papillae present on 
the 2nd abdominal tergite. Females: medial or basal papillae present on flagellomere 
XI (Fig. 17-A); genital furca forming an acute angle in the apical area of the chamber 
(Fig. 39) ..................................................................................Pi. (Pif.) Monticola series
Both sexes: thoracic pleura partially dark brown or completely straw-colored. Brown 
or straw coxae. Males: tergal papillae absent from the 2nd abdominal tergite. Females: 
median or basal papillae on flagellomere XI absent; chamber of genital furca curved in 
its apical area (Fig. 37-D) ........................................................................................... 14

14(13) Both sexes: papilla on flagellomere III absent; Males: gonostyle with four spines, the 
inner one located in the middle of the gonostyle; gonocoxite without or with just one 
basal tuft consisting of 1–6 setae ................................................ Pi. (Pif.) Evansi series
Both sexes: papilla on flagellomere III present. Males: gonostyle with three or four 
spines, the inner one located at the base or in the middle of the gonostyle; gonocoxite 
with one or more tufts with variable number of setae ................................................. 15
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15(14) Males: gonocoxite with apico-central and basal tufts of setae. Females: small eyes, in 
the dorsal view, a little longer than the length of the clypeus and narrower than the 
interocular distance ............................................................. Pi. (Pif.) Verrucarum series
Males: gonocoxite without apico-central tuft of setae, with only the basal one. Females: 
big eyes, in the dorsal view, clearly bigger than the length of the clypeus and equivalent 
to or wider than the interocular distance ..................................................................... 16

16(15) Males: gonostyle with only one external spine (Fig.  128); tergal papillae  
present on some abdominal tergites (Fig.  93-C). Females: terminal knob  
of the spermathecae greatly elongated, inserted before the apical ring  
(Fig. 72) ................................................................................. Pi. (Pif.) Serrana series
Males: gonostyle with two external spines; tergal papillae absent from all  
abdominal tergites. Females: terminal knob of the spermathecae inserted in the  
apical ring .................................................................................................................... 17

17(16) Males: gonostyle with the inner spine clearly basal. Females: only one ascoid on fXIII; 
spermatheca with its apical ring narrower than itself ...............Pi. (Pif.) Townsendi series
Males: gonostyle with the inner spine located in its middle or close to it. Females: pair 
of ascoids present on fXIII; spermatheca with its apical ring as wide as itself 
.....................(Incertae sedis) .........................................................Pi. (Pif.) nuneztovari

18(8) Both sexes: setae absent from the anterior region of the katepisternum; apical papillae 
on fX either absent or present. Males: tergal papillae are absent from all abdominal 
tergites ……………....Dampfomyia ........................................................................... 19
Both sexes: setae are generally present in the anterior region of the katepisternum 
(Fig. 24); apical papillae on flagellomere X present (Fig. 17-A). Males: tergal papillae 
on abdominal tergites present (Fig. 93-A C, E) at least on the 6th tergite (except in 
Expapillata) ................................................................................................................. 21

19(18) Males: epandrial lobe tumid (Fig. 156). Females: atrophied teeth in the hypopharynx  
Da. (Coromyia)
Males: epandrial lobe thinner. Females: well-marked teeth in the hypopharynx ...... 20

20(19) Both sexes: papilla on flagellomere III absent; Males: paramere with hairy appendage 
(Fig. 179). Females: spermathecae with bulbous body, but bearing modifications which 
look like the petals of a dahlia (probably due to the sclerotization of gland cells) in the 
apical region (Fig. 73) ...................................................................... Da. (Dampfomyia)
Both sexes: papilla on flagellomere III present. Males: paramere without hairy 
appendage. Females: spermathecae simple, bulbous ..................... Da. Delpozoi group

21(18) Males: tergal papillae absent from all abdominal tergites; epandrial lobe with rounded 
apex and without a pre-apical constriction. Females: flagellomere I shorter than 0.6 
times the length of the head; setae present (Fig. 37) or absent from the 8th tergite; set 
formed by the common and individual sperm ducts, spermatheca and terminal knob 
very short as this latter reaches only the apex of the genital furca stem (Fig. 78)  .........
......................................................................................................................Expapillata
Males: epandrial lobe with a pre-apical constriction (Figs. 157 and 158) or with tapered 
apex (Figs. 159, 160, 161, 162, 163, 164 and 165). Females: flagellomere I of variable 
length; setae absent from the 8th tergite (Fig. 37) [except in Trichopygomyia, partim], 
the set formed by the common and individual spermathecal ducts, spermatheca 
including terminal knob longer than that described immediately above [except in Ev. 
(Ald.) termitophila]......................................................................................................22

22(21) Males: gonostyle with the lower external spine atrophied, seta-like (Fig. 127). Females: 
spermathecae with membranous and long common spermathecal duct, extending 
beyond the middle of the genital furca stem, the individual spermathecal ducts being 
sclerotized and much shorter than the common duct (Fig. 77)............................Pressatia
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Males: gonostyle with the external lower spine, not seta-like, even though it may be a 
little less developed than the external upper spine. Females: short or long common 
spermathecal duct, the individual sperm ducts generally being membranous; when they 
are sclerotized the common duct is generally also sclerotized ................................... 23

23(22) Males: gonocoxite without compact and basal tuft of setae, but it can present a fringe 
of setae on the dorsal inner face; paramere bi or tri-branched; lateral lobe not tapered 
apically. Females: ratio between lengths: clypeus/head less than 1/3; eyes/head greater 
than 1/2; spermatheca striated and the individual spermathecal ducts equivalent to or 
longer than the common duct (Fig. 76) .................................................Trichopygomyia
Males: gonocoxite with compact and basal tuft of setae; absence of fringe of setae on 
the dorsal inner face; paramere simple or branched; epandrial lobe with tapered apex 
(Figs. 159, 160, 161, 162, 163, 164 and 165). Females: ratio between lengths: clypeus/
head greater than 1/3; eyes/head less than 1/2; spermathecae with variable aspect 
(Figs. 79, 80, 81, 82, 83, 84 and 85) .......................................Evandromyia ............. 24

24(23) Males: tergal papillae with evident edges are absent from the 7th tergite and present on 
the 6th tergite, and sometimes before this latter (Fig. 93-E). Females: cibarium with the 
anterior teeth arranged in lateral sets (Fig.  20-D); spermathecae, generally apple- 
shaped (Fig. 83) [except in Ex. termitophila, when they are ringed] ......Ev. (Aldamyia)
Males: tergal papillae present without evident edges on the 7th tergite or before it 
(Fig. 93-C). Females: cibarium with the anterior teeth in lateral sets, some elements 
present in the central region and in vertical position (Fig.  20-F); spermathecae of 
variable shape .............................................................................................................. 25

25(24) Males: gonostyle with external spines located at the apex of a single tubercle (Fig. 124). 
Females: spermathecae with transversal striation and long common spermathecal duct 
which goes beyond the middle of the genital furca (Fig. 79) .......... Ev. (Evandromyia) 
Rupicola series
Males: gonostyle with the external spines located isolatedly. Females: spermathecae 
not bearing transversal striation, common sperm duct length variable ....................... 26

26(25) Males: tergal papillae present from the 5th to 7th tergites; paramere with two 
protuberances on the ventral margin. Females: spermatheca presenting in its central 
part bubble-like evaginations; common sperm duct long (Fig. 80) .............Ev. (Eva.) 
Saulensis series
Males: tergal papillae present only in the 6th and 7th tergites; paramere with or without 
one protuberance on the ventral margin, or branched. Females: spermatheca without 
bubble-like evaginations ............................................................................................. 27

27(26) Males: epandrial lobe with non-deciduous and differentiated setae implanted in its 
apical region (Fig.  165). Females: eyes longer than the clypeus; apex of  
the common spermathecal duct reaches or goes beyond the middle of the genital  
furca .................................................................................Ev. (Eva.) Infraspinosa series
Males: epandrial lobe without non-caducous and differentiated setae. Females: eyes 
shorter than or equivalent to length of clypeus; common spermathecal duct of variable 
length……………………………………..… Ev. (Barrettomyia) ............................. 28

28(27) Males: paramere branched and the parameral sheath with appendage. Females: 
spermatheca greatly elongated, common and individual sperm ducts sclerotized  
(Fig. 84) ............................................................................. Ev. (Bar.) Monstruosa series
Males: paramere and parameral sheath simple. Females: spermathecae globular or 
elongated, in this latter case not sclerotized ................................................................ 29
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29(28) Males: paramere presenting in its central region of the dorsal margin semifoliaceous 
setae with apex curved towards the apex of the paramere; aedeagal ducts sinuous in 
their pre-apical region. Females: Spermathecae flattened at the poles; apex of the 
individual spermathecal ducts does not reach the apex of the genital furca stem............
...............................................(Incertae sedis). ................................ Ev. (Bar.) edwardsi
Males: parameres without semifoliaceous and curved setae in their dorsal margin; 
aedeagal ducts not sinuous in their pre-apical region. Females. Spermatecae spherical 
with the apex of individual spermathecal ducts reaching or going beyond the apex of 
the genital furca stem .................................................................................................. 30

30(29) Males: gonostyle with the external upper spine located in its middle and the internal 
one on its basal third (Fig.  126). Females: spermathecae with tubular individual 
spermathecal ducts (Fig. 85) ...............................................Ev. (Bar.) Cortelezzii series
Males: gonostyle with the external upper spine located on its apical third and the inner 
one in its middle region. Females: individual spermathecal ducts in part or completely 
sac-like (Fig. 81) .............................................................  Ev. (Bar.) Tupynambai series

PSYCHODOPYGINA: Genera, Subgenera, Groups and Series of Species
1 Both sexes: ascoids with evident posterior prolongation (Fig.  15) or if they are 

rudimentary, their insertion in the article is pedunculated (Fig. 16-B); 1st metatarsomere 
longer than or equivalent to the total sum of the other tarsomeres 
……………………………………………….Psathyromyia ....................................... 2
Both sexes: ascoids without developed posterior prolongation, if there is a prolongation 
it is rudimentary; their insertion in the article is not pedunculated (Fig. 16-A); ratio 
between 1st metatarsomere and the total length of the other tarsomeres variable ........ 6

2(1) Both sexes: simple setae are absent from flagellomere I and/or II and/or III (Fig. 15). 
Males: frequently, Newstead’s sensilla present on the 2nd palpal segment (Fig. 13-B). 
Females: Newstead’s sensilla present on the 2nd palpal segment ................................ 3
Both sexes: generally, simple setae are present on flagellomere I and/or II and/or III; 
Newstead’s sensilla absent from 2nd palpal segment ................................................... 4

3(2) Both sexes: ascoids with long posterior prolongation, in flagellomere II they reach its 
base; Male: parameral sheath short, its length less than twice the width of its base; 
gonostyle with all the spines clearly implanted beyond its middle. Females: 
spermathecae with distinct rings; common spermathecal ducts as long as 1.5 × the 
individual duct .......................................Incertae sedis  ................................Pa. pifanoi
Both sexes: ascoids with posterior prolongation at most reach the middle part of the 
region between their implantation and the base of flagellomere II (Fig. 15). Males: 
parameral sheath long, its length equivalent to twice or more the width of its base. 
Females: globous, tubular or ringed spermathecae, but in this latter case the rings are 
lightly demarcated, the individual ducts are very long and the common duct is 
rudimentary ........................................................................................Pa. (Forattiniella)

4(2) Both sexes: papillae present on flagellomeres X-XI; Males: gonocoxite with sclerotized 
setae located in its apical region. Females: 5th palpal segment shorter than or equivalent 
to the 3rd; spermathecae ringed, some of them being distinctively imbricated  
(Fig. 53) .................................................................................. Pa. (Xiphopsathyromyia)
Both sexes: papillae absent from flagellomeres X-XI. Males: gonocoxite without 
sclerotized setae in its apical region. Females: 5th palpal segment longer than the 
3rd ................…………………..........Pa. (Psathyromyia) .......................................... 5

5(4) Both sexes: ascoids with rudimentary spur (Fig.  16-B). Males: gonostyle with the 
inner spine located beyond its middle. Females: spermathecae ringed, individual ducts 
several times longer than the common duct. ............................... Pa. (Psa.) Lanei series
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Both sexes: generally, ascoids with long posterior prolongation that reaches or almost 
reaches the base of the article. Males: gonostyle with the inner spine located in its 
middle or before the middle. Females: spermathecae smooth (Fig.51) or segmented, 
frequently the common spermathecal duct is longer than or equivalent to the individual 
spermathecal ducts  ............................................................... Pa. (Psa.) Shannoni series

6(1) Males: gonostyle with the upper external spine implanted in a conspicuous tubercle 
located in or before its middle and the lower external one implanted in a smaller 
tubercle situated more proximally or at the base of the former tubercle (Fig.  132); 
paramere simple with differentiated setae in the apical region of its dorsal  
edge (Fig.  173). Females: spermathecae bulbous and enclosed in a sclerotized  
sheath  ......................................................................................................... Viannamyia
Males: gonostyle with the external upper spine implanted on its apical third and the 
external inner spine in or before its middle; paramere simple or lobed, with or without 
differentiated setae. Females: spermathecae ringed  .................................................... 7

7(6) Both sexes: 5th palpal segment longer than the 3rd; clypeus longer than or equivalent 
to 2/3 of eye length ..................Martinsmyia ............................................................... 8
Males: short clypeus, equivalent to or smaller than ½ eye length. Females: 5th palpal 
segment shorter than or equivalent to the 3rd; clypeus of variable length .................... 9

8(7) Males: gonocoxite with basal tuft of setae located on a tubercle. Females: common 
spermathecal duct longer than the individual spermathecal ducts (Fig. 58)  ..................
..............................................................................................  Ma. Gasparviannai Group
Males: gonocoxite without basal tuft of setae. Females: common spermathecal duct 
shorter than the individual spermathecal ducts (Fig. 55).………Ma. Alphabetica Group

9(7) Both sexes: setae in the anterior region of katepisternum (Fig. 24) may be present; 
mesonotum, generally, two-colored (posterior part of scutum and scutellum straw-
colored, in contrast to the rest which is brown). Males: gonostyle with four well-
developed spines, the inner one situated on its apical third. Females: lacinia of the 
maxilla with a row of external teeth (Fig. 12-B); clypeus very long, equivalent to the 
length of the eye  .....................................................................................Bichromomyia
Both sexes: thorax without setae in the anterior region of katepisternum; color of 
mesonotum variable. Males: gonostyle with variable numbers of spines and position of 
the internal spine. Females: generally, lacinia of the maxilla with two rows of external 
teeth (Fig. 12-C); clypeus shorter than eye length ...................................................... 10

10(9) Both sexes: flagellomere I presenting two or more papillae (Fig. 14-B). Males: sum of 
4th + 5th palpal segment smaller than or equivalent to the 3rd. Females: cibarium with 
two or more pairs of posterior teeth; spermathecae with all rings imbricated (Figs. 60, 
61, 62, 63, 64 and 65) ............................................................................Psychodopygus
Both sexes: flagellomere I presenting only the pre-apical papilla. Males: sum of the 
4th + 5th palpal segments greater than the 3rd. Females: cibarium with three or more 
pairs of posterior teeth; spermathecae with some or all non-imbricated rings (Figs. 37-D, 
56, 57, 66, 67 and 68) ................................................................................................. 11

11(10) Both sexes: Newstead’s sensilla absent from the 2nd palpal segment. Males: terminalia 
smaller than the length of thorax; gonostyle with long spines, the apical one equivalent 
to the length of the gonostyle. Females: spermathecae with 5–15 rings (except in Ny. 
bibinae), the apical ring equivalent to or slightly longer than the pre-apical one 
(Figs. 37-D, 66, 67 and 68) ............................................................................Nyssomyia
Both sexes: Newstead’s sensilla present on the 2nd palpal segment (Fig. 13-B). Males: 
terminalia equivalent to or longer than the length of thorax; gonostyle with short spines, 
the apical one usually shorter than the gonostyle. Females: spermathecae with 25 or 
more rings, the apical one frequently three or more times longer than the pre-apical one 
(Figs. 56 and 57) .................................................................................Trichophoromyia
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KEYS FOR THE IDENTIFICATION OF THE SPECIES
HERTIGIINA

Warileya
MALES
1 Gonocoxite with one or more compact tufts of setae (Fig. 139) .................................. 2

Gonocoxite without tuft of setae, but one or more isolated setae may be present ........ 4
2(1) Gonostyle with two developed spines; aedeagal ducts/sperm pump  

ratio < 2.0:1.0 ..................................................................................Wa. phlebotomanica
Gonostyle with three developed spines; aedeagal ducts/sperm pump  
ratio ≥ 2.6:1.0 ............................................................................................................... 3

3(2) Gonostyle with one apical spine and two others implanted at the same level at the 
beginning of its 4th apical one; aedeagal ducts ≥700 μm, aedeagal ducts/sperm pump 
ratio ca. 3.0:1.0 ........................................................................................Wa. lumbrerasi
Gonostyle with two apical spines and another implanted near its 5th apical one; 
aedeagal ducts <400 μm; aedeagal ducts/ sperm pump ratio ca. 2.7:1.0 .....Wa. yungasi

4(1) 5th palpal segment clearly longer than the sum of 3rd + 4th ...............Wa. nigrosaccula
5th palpal segment equivalent to or shorter than the sum of 3rd + 4th ......................... 5

5(4) Interocular distance ca. 1/5 of the eye width; aedeagal ducts/sperm pump ratio ca. 
0.8:1.0 ................................................................................................ Wa. rotundipennis
Interocular distance greater than or equivalent to the eye width; aedeagal ducts ≥ sperm 
pump ............................................................................................................................. 6

6(5) 5th palpal segment clearly shorter than the 2nd ............................................ Wa. leponti
5th palpal segment ≥2nd ............................................................................................... 7

7(6) Flagellomere I ca. 410 μm and labrum-epipharynx ca. 250 μm ................ Wa. euniceae
Flagellomere I ca. 260 μm and labrum-epipharynx ca. 140 μm ........Wa. fourgassiensis

FEMALES
1 Spermathecae ringed ..................................................................................................... 2

Spermathecae not ringed ............................................................................................... 5
2(1) 5th palpal segment longer than 2nd; terminal knob of spermathecae clearly  

elongated  ...................................................................................................................... 3
5th palpal segment ≤2nd; terminal knob spherical ....................................................... 4

3(2) 5th palpal segment ca. 1.8 times longer than 2nd; individual spermathecal ducts less 
than half of the spermatheca length; spermathecae with several rings clearly imbricated 
(Fig. 42) ...........................................................................................Wa. phlebotomanica
5th palpal segment ca. 1.3 times longer than 2nd; individual spermathecal ducts a little 
longer than the spermatheca; this latter without imbricated rings ..........Wa. lumbrerasi

4(2) Interocular distance ca. 1/2 of the eye width; 5th palpal segment as long  
as 2nd  ................................................................................................ Wa. rotundipennis
Interocular distance slightly greater than the eye width; 5th palpal segment shorter than 
2nd.............................................................................................................. Wa. euniceae

5(1) 5th palpal segment clearly longer than the sum of 3rd + 4th; spermathecae bulb-like 
with their length slightly greater than their width ................................Wa. nigrosaccula
5th palpal segment shorter than the sum of 3rd + 4th; spermathecae elongated, their 
length less than half their width .........................................................Wa. fourgassiensis

Hertigia hertigi
Both sexes: pharynx with short spines in the posterior region. Male: gonostyle with three spines; 
gonocoxite with some scattered setae in the pre-apical region, paramere simple and the epandrial 
lobe shorter than the cercus. Female: cibarium with sclerotized arch complete without teeth; sac-
like spermatheca, its length equivalent to three times its width, the terminal knob as a narrow 
prolongation of the apical surface, its length ca. twice its width.
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BRUMPTOMYIINA
Brumptomyia

MALES
1 Thorax: presence of anepimeral setae (Fig. 22) ............................................................ 2

Thorax: absence of anepimeral setae ............................................................................ 3
2(1) Thorax: presence of lower anepisternal setae. Gonostyle with one apical spine. 

Gonocoxite: basal tuft with dispersed setae. Aedeagal ducts 3–4 times longer than the 
sperm pump ...................................................................................................... Br. pintoi
Thorax: absence of lower anepisternal setae. Gonostyle with two apical spines. 
Gonocoxite: basal tuft with the setae implanted compactly in a circular area. Aedeagal 
ducts ca. ten times longer than the sperm pump ......................................Br. guimaraesi

3(1) Gonostyle with the inner spine located on a more basal level than the external spines; 
gonocoxite with two sclerotized apical setae and the basal tuft consisting of short, 
scattered setae ............................................................................................................... 4
Without the above set of characteristics ........................................................................ 5

4(3) Gonocoxite with its length ca. five times its width, measured in its median region, basal 
tuft consisting of more than 30 setae; numerous tergal papillae with a hair like a small 
candle flame from the 2nd to the 7th tergites ...............................................Br. cardosoi
Gonocoxite long and narrow, its length ca. eight times its width, measured in its median 
region, basal tuft consisting of ca. ten setae; tergal papillae with a hair like a small 
candle flame absent or scarce from the 2nd to 7th tergites ............................. Br. bragai

5(3) Gonocoxite with two basal tufts of setae, one located more internally with ca. 25 setae 
with apices curved towards the gonocoxite’s apex and the other more externally, with 
ca. 50 setae with apices curved towards the base of the gonocoxite ........... Br. quimperi
Gonocoxite with one basal tuft of setae ........................................................................ 6

6(5) Gonocoxite: basal tuft of dispersed setae (Fig. 149) ..................................................... 7
Gonocoxite: basal tuft with the setae implanted compactly (Fig. 140)  ..................... 11

7(6) Basal tuft of the gonocoxite located in an approximately circular area and the setae of 
equivalent length ...........................................................................................Br. virgensi
Basal tuft of the gonocoxite located in a clearly elongated area, with the upper setae 
longer than the lower …................................................................................................ 8

8(7) Gonocoxite with a small sclerotized tubercle at its base, located before the tuft of setae; 
paramere abruptly narrowed in its pre-apical region at the expanse of the ventral margin 
in such a way as to form a digitiform apical process ...............................Br. troglodytes
Gonocoxite without sclerotized tubercle at its base; paramere without the abrupt 
narrowing in its pre-apical region ................................................................................. 9

9(8) The most proximal of the apical setae of the gonocoxite clearly separated from the 
apical area of the basal tuft; apex of paramere does not reach the middle of the epandrial 
lobe  ............................................................................................................................. 10
The most proximal of the apical setae of the gonocoxite located practically at the same 
level as the setae of the apical area of the basal tuft; apex of paramere goes beyond the 
middle of the epandrial lobe ............................................................................. Br. ortizi

10(9) Paramere with elbow in the pre-apical region of its ventral margin. Parameral sheath 
with bifid apex ............................................................................................... Br. angelae
Paramere without elbow in the pre-apical region of its ventral margin. Parameral sheath 
with simple apex .......................................................................................Br. nitzulescui

11(6) Paramere apically bifurcated  .......................................................................Br. orlandoi
Paramere with simple apex  ........................................................................................ 12
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12(11) Gonocoxite: setae of the basal tuft implanted in a tubercle  ....................................... 13
Gonocoxite setae of the basal tuft implanted directly on its surface  ......................... 18

13(11) Gonocoxite: tuft with setae semifoliaceous, the apices of the lower and upper ones 
converging towards the centre of the tuft  ................................................................... 14
Gonocoxite basal tuft with all setae thin and the apices of the lower ones not turned 
towards the centre of the tuft ....................................................................................... 15

14(13) Gonocoxite: presence of 5–6 isolated setae in its apical region ...................... Br. mesai

Gonocoxite: presence of 7–8 isolated setae in its apical region .................. Br. galindoi
15(13) Gonostyle with the internal spine implanted at a level between the apical and the 

tubercle of the external ones; the apex of the paramere does not reach the middle of the 
epandrial lobe. .........................................................................................Br. beaupertuyi
Gonostyle with the internal spine implanted at the level of the tubercle of the external 
spines; the apex of the paramere reaches the middle of the epandrial lobe ................ 16

16(15) Gonocoxite with four or five well-developed apical setae and one thinner one; basal 
tuft with the lower setae clearly shorter than (less than half) the upper setae of this 
same tuft .............................................................................................. Br. pentacantha
Gonocoxite with three well-developed apical setae and one clearly thinner one; basal 
tuft with the setae of almost similar length, the central one somewhat longer than the 
others ........................................................................................................................... 17

17(16) Paramere with the basal width equal to or twice that of the apex .......... Br. carvalheiroi
Paramere with its basal width less than twice that of the apex ............. Br. mangabeirai

18(12) Parameral sheath rectangular as far as its middle, where it widens at the expense of the 
ventral margin and again narrows, ending with a tapered apex ......................Br. cunhai
Parameral sheath conical ............................................................................................. 19

19(18) Gonocoxite with the setae of the basal tuft semifoliaceous (Fig. 140)  ...................... 20
Gonocoxite with the setae of the basal tuft thin  ......................................................... 21

20(19) Basal tuft of gonocoxite consisting of ca. 20 setae; paramere with the apical half 
densely covered by thin setae and stout spines; the more basal setae of the dorsal 
margin, ten or more in number, are as long as or longer than the width of the paramere 
in its narrower region .................................................................................... Br. brumpti
Basal tuft of gonocoxite consisting of less than 15 setae; paramere sparsely covered by 
setae and spines in its apical half; the most basal setae of the dorsal margin are about 
five, shorter than the width of the paramere in its narrower region  ............. Br. avellari

21(19) Basal tuft of setae of gonocoxite located in a line, the upper setae clearly longer than 
the lower ones ............................................................................................Br. travassosi
Basal tuft of setae of gonocoxite located in an approximately circular area .............. 22

22(21) Gonocoxite with one seta in the apical region of its ventral face .............Br. figueiredoi
Gonocoxite with three or more setae in the apical region of its ventral face  
(Fig. 140) ..................................................................................................................... 23

23(22) Setae of the basal tuft of gonocoxite of approximately equal length .........Br. devenanzi
Setae of the basal tuft of gonocoxite in an upper position longer than those in the 
inferior one .................................................................................................................. 24

24(23) Aedeagal ducts ca. eight times longer than the sperm pump .........................Br. hamata
Aedeagal ducts ca. five times longer than the sperm pump ........................Br. leopoldoi
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FEMALES
The characteristics described for the females of Brumptomyia have not been sufficient for the 
construction of reliable keys. However, the observation of some common characteristics for male 
and female specimens captured at the same places has permitted the establishment of an 
association between the two sexes, but undoubtedly this needs confirmation. So the following key 
is presented with the intention of drawing attention to the need for more complete information 
concerning future female descriptions.
1 Thorax: presence of anepimeral setae (Fig. 22) ............................................................ 2

Thorax: absence of anepimeral setae  ........................................................................... 3
2(1) Thorax: presence of lower anepisternal setae (Fig. 22) ..................................  Br. pintoi

Thorax: absence of lower anepisternal setae  .......................................... Br. guimaraesi
3(1) Presence of a row of spines on the internal part of the posterior femur .........................  

................................................................................................................... Br. spinosipes
Absence of a row of spines on the internal part of the posterior femur  ....................... 4

4(2) 9th tergite with a strongly sclerotized band in the upper part of its median region and 
also in the basal area of the individual spermathecal ducts near their opening into the 
genital chamber  .......................................................................................Br. troglodytes
9th tergite and the base of the individual spermathecal ducts without sclerotized  
band ............................................................................................................................... 5

5(4) Spermathecae of robust aspect tending to be cylindrical, that is to say, their length is a 
little more than twice their apical width which is practically the same as their median 
width ...............................................................................................................Br. cunhai
Spermathecae funnel-shaped (Fig. 46) ......................................................................... 6

6(5) Individual spermathecal ducts ≤ 6 times the spermatheca’s length  ............................. 7
Individual spermathecal ducts ≥ 8 times the spermatheca’s length .............................. 8

7(6) Individual spermathecal ducts ca. four times the spermatheca’s length ........Br. hamata
Individual spermathecal ducts ca. 5–6 times the spermatheca’s length; 9th tergite with 
spiniform permanent setae in its central region (Fig. 40)  ...........................Br. cardosoi
Br. ortizi

8(6) Individual wavy spermathecal ducts sometimes with coils ......................Br. nitzulescui
Individual spermathecal ducts with coils but not wavy  ............................................... 9

9(8) Flagellomere I with two papillae ................................................................................ 10
Flagellomere I with one papilla  ................................................................................. 11

10(9) Flagellomere I ca. 300 μm; labrum-epipharynx ca. 250 μm  ........................ Br. avellari
Flagellomere I ≤270 μm; labrum-epipharynx ≤230 μm  ................................ Br. mesai
Br. pentacantha

11(9) Spermathecae with 25 or more rings  .................................................... Br. carvalheiroi
Spermathecae with less than 20 rings  ........................................................................ 12

12(11) Spermatheca ca. 4.5 times longer than its apical width  .............................Br. leopoldoi
Spermatheca ca. three times longer than its apical width (Fig. 46)  ............. Br. brumpti

In the above key for the identification of the females, Br. cardosoi, Br. cunhai, Br. ortizi and 
Br. pentacantha are described for the first time and the aedeagal ducts of the males are of 
corresponding length to the ducts of the spermathecae; the differential characteristics of Br. 
pintoi and Br. guimaraesi have been deduced from the respective males. For Br. beaupertuyi, 
Br. mesai and Br. Travassosi, the characteristics described are insufficient to differentiate them 
and no females were available. The females of the other species: Br. angelae, Br. bragai,  
Br. devenanzi, Br. figueiredoi, Br. mangabeirai, Br. orlandoi, Br. quimperi and Br. virgensi 
have not been described.
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Oligodontomyia
MALES
1 Flagellomere I ca. 300 μm; epandrial lobe ≤320 μm  .............................Ol. oligodonta

Flagellomere I > 380 μm; epandrial lobe >380 μm  ..................................................... 2
2(1) Epandrial lobe ca. 540 μm; gonostyle with the internal spine slightly more slender and 

of ca. ½ the length of the external ones  ..........................................................Ol. isopsi
Epandrial lobe ≤475 μm; gonostyle with a thin internal spine like  
a seta ............................................................................................................Ol. toroensis

FEMALES
1 Spermathecae partially ringed ..........................................................................Ol. isopsi

Spermathecae completely ringed .................................................................................. 2
2(1) Thorax with paratergites and pleura brown .............................................Ol. oligodonta

Thorax with paratergites and pleura straw … .............................................Ol. toroensis
SERGENTOMYIINA

Deanemyia
MALES
1 Paramere with dorsal branch  ........................................................................................ 2

Paramere simple, without dorsal branch  ....................................................De. derelicta
2(1) Paramere with the dorsal branch like a small appendix bearing a few setae on  

its apex ...............................................................................................De. appendiculata
Paramere with the dorsal branch well-developed and covered with setae  ................... 3

3(2) Dorsal branch of the paramere narrower than the ventral one, both branches covered 
with simple short setae  ............................................................................... De. ramirezi
Dorsal branch of paramere wider than the ventral one, both branches bearing 
semifoliaceous setae on the dorsal margin ................................................... De. samueli

FEMALES
1 Ratio between the lengths: labrum-epipharynx / clypeus >2.0 .................... De. samueli

Ratio between the lengths: labrum-epipharynx / clypeus <2.0 ..................................... 2
2(1) Cibarium with a pair of posterior (horizontal) developed teeth ................. De. maruaga

Cibarium with two pairs of posterior (horizontal) developed teeth ............ De. ramirezi
De. derelicta

Micropygomyia
(Silvamyia)

MALES
1 Gonostyle with the lower external spine implanted in its apical third and the internal  

in its middle............................................................................ Mi.(Sil.) echinatopharynx
Gonostyle with the lower external and the internal spines implanted practically at the 
same level, a little above its middle .......................................Mi. (Sil.) acanthopharynx

FEMALES
1 Approximate lengths (μm): head 360; clypeus 120; flagellomere I 300. Wing width  

550 μm .................................................................................. Mi. (Sil.) echinatopharynx
Approximate lengths (μm): head 380; clypeus 140; flagellomere I 320. Wing width  
590 μm ...................................................................................Mi. (Sil.) acanthopharynx
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(Sauromyia)
Oswaldoi series

MALES
1 Gonostyle with the lower external and the internal spines short (slightly longer than its 

width); gonocoxite with a cluster of ca. 20 setae distributed throughout almost all its 
basal, ventral surface .........................................................................Mi. (Sau.) quechua
Gonostyle with the lower external and internal spines equal to or longer than twice the 
gonostyle’s width; gonocoxite without cluster of setae, or if present the setae are  
either fewer or more than 20, presenting a different arrangement from that described 
above ............................................................................................................................. 2

2(1) Wing narrow, R5/wing width ratio ca. 3.6:1.0 ...........................Mi. (Sau.) machupicchu
Wing wider than that described above, R5/ wing width ratio ≤ 3.3:1.0 ........................ 3

3(2) Wing: delta nil (R1 ending at the level of R2,R3 bifurcation) ................ Mi. (Sau.) pratti
Wing: delta clearly positive (R1 ending beyond the R2,R3 bifurcation) ........................ 4

4(3) Gonocoxite with a cluster constituted of ca. 30 setae grouped in its median  
part  ......................................................................................................Mi. (Sau.) saccai
Gonocoxite without cluster of setae or if present with less than 20 of them  ............... 5

5(4) Clypeus practically as long as the labro-epipharynx and as wide as the  
eyes  ......................................................................................................Mi. (Sau.) peresi
Clypeus shorter than the labro-epipharynx and narrower than the eyes  ...................... 6

6(5) Gonocoxite with semifoliaceous setae (width  ≥  twice that of the aedeagal ducts) 
implanted isolatedly or in a compact tuft in its basal or median region  ...................... 7
Gonocoxite without setae in its basal or median region or if setae are present they are 
narrow (width < than that of the aedeagal ducts) ........................................................ 10

7(6) Gonocoxite with 5–13 setae arranged in compact tuft. Tergal papillae present only on 
the VI and VII tergites ................................................................................................... 8
Gonocoxite with 1–6 isolated setae. Tergal papillae present at least from tergites  
V–VII ............................................................................................................................ 9

8(7) Tuft of gonocoxite with 5–6 setae .......................................................Mi. (Sau.) dereuri
Tuft of gonocoxite with 8–13 setae ...............................................Mi. (Sau.) quinquefer

9(7) Tergal papillae present on IV tergite. Gonocoxite with 3–6 setae in  
line  .................................................................................................Mi. (Sau.) ferreirana
Tergal papillae absent on IV tergite. Gonocoxite with only one seta ............. Mi. (Sau.) 
huacalquensis

10(6) Apex of aedeagal ducts tapered and curved (Fig. 99) ................................................. 11
Apex of aedeagal ducts rounded or tapered, but not as described above .................... 12

11(10) Gonocoxite with setae implanted sparsely in its median third .......................................  
..................................................................................................... Mi. (Sau.) longipennis
Gonocoxite with the setae implanted more compactly in its basal third ........................  
Mi. (Sau.) sp. 2 de Araracuara

12(10) Gonocoxite with tuft constituted of 12 or more long, thin, curved setae, situated 
between the basal and median quarters ........................................ Mi. (Sau.) rorotaensis
Gonocoxite without tuft of setae or if present with fewer than 12 and in another 
position ................................................................................................................... 13

13(12) Ratio of lengths aedeagal ducts/sperm pump ≥3.5: 1.0 .............................................. 14
Ratio of lengths aedeagal ducts/sperm pump ≤3.0: 1.0 .............................................. 16

14(13) Epandrial lobe as long as gonocoxite; clypeus 1/3 the length of the  
head .......................................................................................................Mi. (Sau.) zikani
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Epandrial lobe shorter than gonocoxite; clypeus longer than 1/3 the length of the 
head ........................................................................................................................ 15

15(14) Terminalia: length ca. 370 μm; paramere tapering from the base to the  
apex ..................................................................................................... Mi. (Sau.) villelai
Terminalia: length ca. 330 μm; paramere thins abruptly so that its apical half is 
digitiform .................................................................................. Mi. (Sau.) trinidadensis

16(13) Tergal papillae present from the III to VII tergites  .................................................... 17
Tergal papillae absent on III tergite ............................................................................ 18

17(16) Pharynx with spines in its apical region  ..............................................Mi. (Sau.) petari
Pharynx without spines ....................................................................Mi. (Sau.) oswaldoi

18(16) Terminalia < length of head ................................................................ Mi. (Sau.) pusilla
Terminalia ≥ length of head ........................................................................................ 19

19(18) Terminalia clearly longer than the head ...........................................Mi. (Sau.) capixaba
Terminalia as long as the head ...................................................Mi. (Sau.) vonatzingeni

FEMALES
1 Pharynx with developed spines ..................................................................................... 2

Pharynx with or without atrophied spines .................................................................... 8
2(1) Spermathecae long and smooth (banana-shaped) ..................... Mi. (Sau.) trinidadensis

Spermathecae ringed or striated .................................................................................... 3
3(2) Spermathecae striated ..........................................................................Mi. (Sau.) saccai

Spermathecae with distinct rings .................................................................................. 4
4(3) Spermathecae with 2–3 rings, the apical one almost spherical ..................................... 5

Spermathecae with ca. ten rings, the apical one clearly elongated ..... Mi. (Sau.) pusilla
5(4) Cibarial chamber covered with a membrane with many sclerotized points....................  

................................................................................................... Mi. (Sau.) vonatzingeni
Cibarial chamber covered with a membrane without sclerotized points ...................... 6

6(5) Pharynx with the area covered with spines sclerotized and much wider than that  
before it ............................................................................................Mi. (Sau.) capixaba
Pharynx with the area covered with spines unsclerotized and slightly wider than that 
before it ......................................................................................................................... 7

7(6) Cibarium with the anterior teeth very small and situated laterally and two considerably 
more developed ones arranged in the central part; flagellomere I ca. 1.5 × the length of 
the labrum-epipharynx ..........................................................................Mi. (Sau.) petari
Cibarium with the anterior teeth vertical and not lateralized, all being practically of the 
same size; flagellomere I equivalent to the length of the labrum-epipharynx ................  
.......................................................................................................  Mi. (Sau.) ferreirana

8(1) Spermathecae long and smooth (banana-shaped) ............................... Mi. (Sau.) villelai
Spermathecae ringed or striated .................................................................................... 9

9(8) Spermathecae striated, their basal and apical widths practically equal ..........................  
.............................................................................................................. Mi. (Sau.) peresi
Spermathecae elongated with the apical ring clearly longer and wider than those  
before it ....................................................................................................................... 10

10(9) Spermathecae with 3–6 rings (Fig. 90) ............................................Mi. (Sau.) oswaldoi
Spermathecae with larger number of rings ................................................................. 11

11(10) Lacinia of the maxilla with the external teeth in transversal position  
(Fig. 12-E) ....................................................................................Mi. (Sau.) longipennis
Lacinia of the maxilla with the external teeth in longitudinal position (Fig. 12-D) ... 12
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12(11) Cibarium: apex of the two pairs of posterior teeth (horizontal) clearly turned towards 
the central area ..................................................................................Mi. (Sau.) quechua

Mi. (Sau.) rorotaensis
Cibarium: apex of the two pairs of posterior teeth (horizontal) clearly turned towards 
the pharynx .................................................................................................................. 13

13(12) Lacinia of the maxilla with the external teeth in three lines; the more apical teeth  
being so close to the internal ones that they give the impression of forming four  
lines .....................................................................................................Mi. (Sau.) dereuri
Lacinia of the maxilla with the external teeth in two lines; the more apical being so 
close to the internal ones that they give the impression of forming three lines .......... 14

14(13) Lacinia of the maxilla with the most external line consisting of 11–13  
teeth ......................................................................................... Mi. (Sau.) huacalquensis
Lacinia of the maxilla with the most external line consisting of 6–9  
teeth ...............................................................................................Mi. (Sau.) quinquefer

Mi. (Sau.) zikani
Atroclavata series

MALES
1 Gonocoxite with ca. four setae with a sclerotized stem and curved apex; paramere with 

apex curved towards the gonocoxite ............................................Mi. (Sau.) atroclavata
Gonocoxite with ca. eight simple setae; paramere with straight apex ............ Mi. (Sau.) 

venezuelensis
FEMALES
1 Cibarium with the anterior teeth horizontally arranged in several transversal lines 

(Fig. 18) ........................................................................................Mi. (Sau.) atroclavata
Cibarium with the anterior teeth vertically arranged in one transversal  
line ............................................................................................ Mi. (Sau.) venezuelensis

(Coquillettimyia)
Vexator series

MALES
1 Gonocoxite with one basal tuft and another median-apical; gonostyle with the lower 

external spine implanted before its middle on a level close to that of the internal one ........2
Gonocoxite with only one basal tuft, the gonostyle having the lower external spine on 
a clearly more apical level than the internal one ........................................................... 3

2(1) Gonocoxite with one tuft of ca. seven setae; paramere with a pre-apical elbow on its 
ventral margin ................................................................................Mi. (Col.) vindicator
Gonocoxite with one tuft of ca. five setae; paramere without a pre-apical elbow on its 
ventral margin .....................................................................................Mi. (Col.) apache

3(1) Paramere concave in the median region of its dorsal margin and with the setae restricted 
to its apical third .............................................................................. Mi. (Col.) oppidana
Paramere straight in the median region of its dorsal margin with the setae implanted in 
its apical half ...................................................................................... Mi. (Col.) vexator

FEMALES
1 Spermathecae spherical. Individual spermathecal ducts without striation near the 

spermathecae ..................................................................................Mi. (Col.) vindicator
Spermathecae of flattened spherical shape. Individual spermathecal ducts striated near 
the spermathecae ........................................................................................................... 2

2(1) Ascoids on flagellomere II: apex does not reach that of the segment ............. Mi. (Col.) 
oppidana
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Ascoids on flagellomere II: apex reaches or goes beyond that of the segment............. 3
3(2) Individual spermathecal ducts ca. two × longer than the stem of genital  

fork ..................................................................................................... Mi. (Col.) vexator
Individual spermathecal ducts ca. four × longer than the stem of genital  
fork ......................................................................................................Mi. (Col.) apache

Chiapanensis series
MALES
1 Aedeagal ducts with the pre-apical region enlarged, lozenge-shaped .......................... 2

Aedeagal ducts without the enlarged, lozenge-shaped pre-apical region ....... Mi. (Col.) 
chiapanensis

2(1) Gonocoxite with tuft consisting of ca. four setae ..............................Mi. (Col.) stewarti
Gonocoxite with tuft consisting of ca. ten setae ...........................Mi. (Col.) californica

FEMALES
1 Cibarium with two pairs of posterior (horizontal) teeth ....................Mi. (Col.) stewarti

Cibarium with eight or more pairs of posterior (horizontal) teeth ................................ 2
2(1) Individual spermathecal ducts ca. twice as long as the common spermathecal  

duct .............................................................................................Mi. (Col.) chiapanensis
Individual spermathecal ducts ca. five times longer than the common spermathecal  
duct ................................................................................................Mi. (Col.) californica

(Micropygomyia)
Cayennensis series

MALES
1 Aedeagal ducts with the apical region enlarged ............................................................ 2

Aedeagal ducts without the enlarged apical region ...................................................... 4
2(1) Aedeagal ducts ca. five times longer than the sperm pump ..................Mi. (Mic.) lewisi

Aedeagal ducts no longer than three times the sperm pump’s length ........................... 3
3(2) Aedeagal ducts with the apical region abruptly tapered, with a small terminal  

barb ....................................................................................................  Mi. (Mic.) durani
Aedeagal ducts with a bulging apical region  ...............................  Mi. (Mic.) schreiberi

4(1) Aedeagal ducts >3 times the sperm pump  ................................................................... 5
Aedeagal ducts ≤3 times the sperm pump  ................................................................... 6

5(4) Clypeus completely covered with setae; labella with strong sclerotized pseudotracheae, 
thorax with mesonotum and pleura straw ...................................Mi. (Mic.) ancashensis
Clypeus with setae on its apical half; labella without strong sclerotized pseudotracheae; 
thorax with mesonotum, anepisternum and katepisternum well pigmented, almost 
black  .......................................................................................... Mi. (Mic.) yencanensis

6(4) Flagellomere I ≥ the sum of clypeus + labrum-epipharynx  ...... Mi. (Mic.) duppyorum
Flagellomere I < the sum of clypeus + labrum-epipharynx  ......................................... 7

7(6) Mesonotum and paratergite brown ............................................................................... 8
Mesonotum brown and paratergite straw .....................complex Mi. (Mic.) cayennensis

Mi.(Mic.) cubensis
Mi. (Mic.) hardisoni

8(7) Thorax: pleura completely dark brown, clearly contrasting with the straw  
coxae  ...........................................................................................  Mi. (Mic.) micropyga
Thorax: pleura light brown, not contrasting with the straw coxae  ................  Mi. (Mic.) 
absonodonta
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FEMALES
1 Spermathecae ringed ..................................................................................................... 2

Spermathecae smooth, elongated (banana-shaped) ............................. Mi. (Mic.) lewisi
2(1) Pharynx with developed spines ..................................................................................... 3

Pharynx without developed spines .............................................................................. 16
3(2) Cibarium with two pairs of posterior teeth .....................................  Mi. (Mic.) cubensis

Cibarium with more than two pairs of posterior teeth .................................................. 4
4(3) Pharynx: spiny area twice as wide as its anterior region .............Mi. (Mic.) duppyorum

Pharynx: spiny area a little wider than its anterior region ............................................ 5
5(4) Cibarium with 15 or more pairs of posterior (horizontal) teeth, in comb-like formation

.................................................................................................. Mi. (Mic.) ctenidophora
Cibarium with few posterior (horizontal) teeth ............................................................. 6

6(5) Spermathecae with the terminal knob inserted in a depression ..........  Mi. (Mic.) wirthi
Spermathecae with the terminal knob not inserted in a depression  ............................. 7

7(6) Wing: gamma ≥ alpha ..................................................................................................... 8
Wing: gamma  <  alpha ......................................................................................................9

8(7) Individual spermathecal ducts ca. twice as long as the common spermathecal  
duct  ....................................................................................................  Mi. (Mic.) durani
Individual spermathecal ducts ≥4 common spermathecal duct ........ Mi. (Mic.) yencanensis

9(7) Cibarium with the posterior teeth in palisade (Fig. 20-C) .......................................... 10
Cibarium with the posterior teeth not in palisade ..................... Mi. (Mic.) absonodonta

10(9) Cibarium with six or more anterior vertical teeth; head integument brown ............... 13
Cibarium with four anterior vertical teeth; head integument straw ............................ 11

11(10) Posterior central teeth of the cibarium with the united part ca. 5 times higher than the 
individualized part............................................................. Mi. (Mic.) cayennensis braci
Posterior central teeth of the cibarium with the united part ca. 3 times or less higher 
than the individualized part ......................................................................................... 12

12(11) Posterior central teeth of the cibarium with the united part ca. 3 times higher than the 
individualized part...................................................Mi. (Mic.) cayennensis jamaicensis
Posterior central teeth of the cibarium with the united part ca. 2 times higher than the 
individualized part..................................................Mi. (Mic.) cayennensis viequesensis

Mi. (Mic.) cayennensis cruzi
13(10) Posterior central teeth of the cibarium with the united part clearly longer than the 

individualized part....................................................................................................... 15
Posterior central teeth of the cibarium with the united part equal to or shorter than the 
individualized part....................................................................................................... 14

14(13) Anterior (vertical) teeth of cibarium clearly visible, the central ones being more 
developed than the external ones .................................. Mi. (Mic.) cayennensis maciasi
Anterior (vertical) teeth of cibarium difficult to discern .............Mi. (Mic.) cayennensis 
puertoricensis

15(13) Cibarium with 8–9 pairs of posterior teeth ............ Mi. (Mic.) cayennensis cayennensis
Mi. (Mic.) farilli

Mi. (Mic.) hardisoni
Cibarium with six pairs of posterior teeth ...............Mi. (Mic.) cayennensis hispaniolae

16(2) Mesonotum, paratergite and pleura completely dark brown, contrasting with the clear 
coxae .............................................................................................Mi. (Mic.) micropyga
Paratergite and anepimeron clear, mesonotum and other pleura parts brown, but with 
no evident contrast with the coxae .................................................Mi. (Mic.) schreiberi
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Pilosa series
MALES
1 Gonocoxite with tuft of setae ........................................................................................ 2

Gonocoxite without tuft of setae ..................................................Mi. (Mic.) chassigneti
2(1) Gonocoxite with open tuft consisting of several scattered setae placed on the apical half 

(Fig. 155) .............................................................................................. Mi. (Mic.) pilosa
Gonocoxite with median compact tuft and a basal one consisting of 4–5  
setae .........................................................................................Mi. (Mic.) mangabeirana

FEMALES: indistinguishable.
Incertae sedis
Micropygomyia xerophila
Male: palpal formula: 1.2.4.3.5; gonostyle with four spines: one apical, the upper external one 
located in the apical quarter and the lower external and the inner ones located at the same level, 
in its middle; gonocoxite with 1–2 setae located at its base on a small tubercle; paramere simple 
and the aedeagal ducts ca. 1.6 times longer than the sperm pump, the apex bearing a row of 
small teeth. Female: palpal formula: 1.2.4.3.5; cibarium with four pairs of central posterior 
teeth in horizontal position and four pairs of lateral teeth inclined towards the median line of the 
posterior teeth, the anterior teeth are vertical and placed in an irregular row; common 
spermathecal duct and the individual spermathecal ducts short, their apices do not reach the 
beginning of the genital furca stem, spermathecae spherical, with length equivalent to that of 
the individual spermathecal ducts.

LUTZOMYIINA
Sciopemyia

MALES
1 Gonocoxite without basal tuft of setae .......................................................................... 2

Gonocoxite with basal tuft of setae ............................................................................... 3
2(1) Flagellomere I  <  400  μm; aedeagal ducts ≥470  m; epandrial lobe ≥ 

167 μm ........................................................................................................ Sc. vattierae
Flagellomere I  ≥  405 μm; aedeagal ducts ≤440 μm; epandrial lobe  
≤157 μm ....................................................................................................... Sc. sordellii

3(1) Paramere bearing a small tubercle with setae at its apex in the median region of the 
dorsal margin; gonocoxite with basal tuft located on a highly sclerotized columnar 
tubercle ............................................................................................................Sc. pennyi
Paramere without tubercle in the median region of the dorsal margin; gonocoxite with 
basal tuft located on a tubercle without columnar aspect ............................................. 4

4(3) Gonocoxite with tuft consisting of 15 or more setae .................................................... 5
Gonocoxite with tuft consisting of eight or fewer setae ............................................... 6

5(4) Paramere: ventral margin without pre-apical protuberance (Fig.  167), the median 
region of the dorsal margin bearing some setae of curved apex and longer than those on 
the apical half ........................................................................................Sc. nematoducta
Paramere: ventral margin with pre-apical protuberance but with no differentiated setae 
in the median region of the dorsal margin ...................................................Sc. preclara

6(4) Gonostyle: lower external spine more basal than the internal one; dorsal margin of 
paramere has a set of curved setae separated from the setae on the apical half by a 
glabrous area ...............................................................................................Sc. fluviatilis
Gonostyle: lower external spine more apical than the internal one; dorsal margin of 
paramere without the glabrous area separating the setae .............................................. 7

7(6) Gonocoxite with basal tuft of fine setae ........................................................Sc. microps
Gonocoxite with basal tuft of semifoliaceous setae ...............................Sc. servulolimai
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FEMALES
1 Papilla on flagellomere III present (Fig. 15); 5th palpal segment shorter than or as long 

as 3rd ............................................................................................................................. 2
Papilla on flagellomere III absent (Fig. 16-A); 5th palpal segment longer than 3rd .... 3

2(1) Spermathecae tubular, transversally striated with pedunculated terminal  
knob ............................................................................................................ Sc. vattierae
Spermathecae also transversally striated, though without the tubular aspect,  
clearly wider than the individual spermathecal ducts and with sessile terminal knob 
(Fig. 86) ........................................................................................................ Sc. sordellii

3(1) Individual spermathecal ducts clearly narrower at the junction with the spermatheca 
than at the junction with the common spermathecal duct and ca. 15 times longer than 
the spermatheca, this latter presents intermediate rings clearly wider than the rings at 
both its extremities ................................................................................Sc. nematoducta
Individual spermathecal ducts practically of the same width throughout their length 
and eight times or less longer than the spermatheca; this latter with the intermediate 
rings perceptibly of the same width as the apical rings ................................................ 4

4(3) Width of the individual spermathecal ducts at the junction with the spermatheca 
equivalent to a third of the spermatheca’s width, measured at its central part ............Sc. 
preclara
Width of individual spermathecal ducts at the spermatheca’s junction equivalent to half 
or more of the spermatheca’s width, measured at its central part ................................. 5

5(4) Basal part of the individual spermathecal ducts (junction with the common duct) wider 
than the spermatheca’s width, at its central part .........................................Sc. fluviatilis
Width of the basal part of the individual spermathecal ducts (junction with the common 
duct) ca. half of the spermaheca’s width, measured at its central part .......................... 6

6(5) 5th palpal segment longer than the sum of 3rd + 4th. Cibarium with the posterior teeth 
clearly lateralized, the distance between the internal ones twice that between these and 
the external ones. Individual spermathecal ducts ca. six times longer than the 
spermatheca ...................................................................................................Sc. microps
5th palpal segment clearly shorter than the sum of 3rd  +  4th. Cibarium with the 
posterior teeth not lateralized and the distance between the internal ones slightly greater 
than that between these latter and the external ones. Individual spermathecal ducts ca. 
3.5 times longer than the spermatheca ...................................................Sc. servulolimai

Lutzomyia
(Helcocyrtomyia)

MALES
1 Gonostyle with five spines ............................................................................................ 2

Gonostyle with four or six spines, gonocoxite with a basal tuft bearing ca. 20 setae 
……...........................................…..Incertae sedis  ...................................................... 4

2(1) Epandrial lobe equivalent to or longer than the gonocoxite ..................Peruensis series
Epandrial lobe shorter than the gonocoxite .................................................................. 3

3(2) Clypeus longer than one-third the head’s length; gonocoxite with dense tuft consisting 
of 9 or more setae in basal position ......................................................... Osornoi series
Clypeus shorter than or equivalent to one-third of the head’s length; gonocoxite without 
tuft of setae in basal position, or if present, consisting of up to six setae or scattered tuft, 
located in the baso-median region ..................................................... Sanguinaria series

4(1) Thorax: mesonotum and pleura dark brown. Gonostyle with four spines  
(the lower external spine absent); aedeagal ducts ca. 2.5 times longer than the sperm 
pump .................................................................................................... Lu.(Hel.) infusca

E. A. B. Galati



141

Thorax: mesonotum brown and pleura straw. Gonostyle with six spines, the lower 
external and the internal ones implanted at the same level before the middle of the 
gonostyle and one additional external spine implanted more basally than the latter two; 
aedeagal ducts ca. nine times longer than the sperm pump ................Lu. (Hel.) vargasi

FEMALES
1 Completely dark brown; head: width > length.................................... Lu. (Hel.) infusca

Of variable coloring; head: width ≤ length ................................................................... 2
2 Palpal segments: 4th  ≥  2/3 of 3rd or with four or more pairs of spiniform  

setae  .......................................................................................................Peruensis series
Palpal segments: 4th ca. 1/2 of 3rd or with two or three pairs of spiniform setae ........ 3

3(2) Palpal segments: 5th ≤ 1.25 of 3rd Clypeus ≤1/3 head’s length ....... Sanguinaria series
Palpal segments: 5th ≥ 1.40 of 3rd. Clypeus >1/3 head’s length ............ Osornoi series

Sanguinaria series
MALES
1 Gonocoxite with one or more setae at its base .............................................................. 5

Gonocoxite without setae at its base ............................................................................. 2
2(1) Wing: delta ca. 0.25 of alpha .............................................................. Lu. (Hel.) tortura

Wing: delta measuring between 0.33 and 0.50 of alpha .............................................. 3
3(2) Wing: delta ca. 0.40 of alpha ......................................................... Lu. (Hel.) tolimensis

Wing: delta ca. 0.50 of alpha ........................................................................................ 4
4(3) Large insect, with approximate lengths (μm): Head 520; flagellomere I 550 and 5th 

papal segment 350; gonostyle 250 and epandrial lobe 370 ................ Lu. (Hel.) adamsi
Smaller insect, with the lengths (μm) ≤: head 480; flagellomere I 460 and 5th palpal 
segment 300; gonostyle 220 and epandrial lobe 330 ...................... Lu. (Hel.) guderiani

5(1) Ascoids long on flagellomere II, the internal ascoid reaching the level of the papilla
......................................................................................................... Lu. (Hel.) velezi
Ascoids short on flagellomere II, the internal ascoid reaching or slightly exceeds the 
middle of the article ...................................................................................................... 6

6(5) Gonocoxites with ca. 20 scattered setae in basal-median position; aedeagal ducts ca. 
five times longer than the sperm pump ................................................ Lu. (Hel.) cirrita
Gonocoxites with basal tuft consisting of 1–6 setae; aedeagal ducts less than four times 
the length of sperm pump ............................................................................................. 7

7(6) Sperm pump with the pavilion’s diameter ca. four times that of the ejaculatory apodeme 
..................................................................................................... Lu. (Hel.) sanguinaria
Sperm pump with the pavilion’s diameter not more than twice that of the ejaculatory 
apodeme ........................................................................................................................ 8

8(7) Wing: delta equivalent to 0.50 of alpha ..................................... Lu. (Hel.) monzonensis
Lu. (Hel.) guderiani

Wing: delta ≤ 0.40 of alpha.......................................................................................... 9
9(8) Gonostyle with the external lower spine and internal spine located at the same level a 

little above its middle .................................................................................................. 10
Gonostyle with the external lower spine located at a more basal level than the internal 
spine ............................................................................................................................ 11

10(9) Gonocoxite with 1–3 subequal setae implanted in its base ............ Lu. (Hel.) tolimensis
Gonocoxite with 1–4 setae, one of them more developed, implanted in its  
base  .................................................................................................... Lu. (Hel.) scorzai

11(9) Gonostyle with the internal spine located in the middle ............................................. 12
Gonostyle with the internal spine located above the middle ...................................... 13
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12(11) Tuft of the gonocoxite with three subequal setae; labrum-epipharynx ca.  
300 μm  .................................................................................. Lu. (Hel.) sp. de Pichinde
Tuft of the gonocoxite with 1–4 setae, one of them longer than the others; labrum-
epipharynx ca. 280 μm ...................................................................Lu. (Hel.) hartmanni

13(11) Gonocoxite having on its base one seta ≤ the width of the gonocoxite  
........................................................................................................... Lu. (Hel.) caceresi
Gonocoxite having a tuft of 4–6 setae, at least one of them longer than the width of the 
gonocoxite ................................................................................................................... 14

14(13) Apex of paramere almost reaches the epandrial lobe’s apex; paramere with the more 
basal setae of the dorsal margin perceptibly longer than the width of the area in which 
they are implanted ....................................................................... Lu. (Hel.) kirigetiensis
Apex of paramere reaching approximately 2/3 of the epandrial lobe; paramere with the 
more basal setae of the dorsal margin being shorter than the width of the area in which 
they are implanted .............................................................................Lu. (Hel.) gonzaloi

FEMALES
1 Spermathecae sac-like, transversally striated; the apical ring forming a small collar; 

individual spermathecal ducts ≤ the spermatheca’s length ..................Lu. (Hel.) botella
Spermathecae without sac-like shape; individual spermathecal ducts longer than the 
spermathecal ................................................................................................................. 2

2(1) Spermathecae carrot-shaped, the apical ring being narrower than the pre-apical one, 
like a collar .................................................................................. Lu. (Hel.) sanguinaria
Spermathecae slender, the apical ring being equal to or slightly narrower than the 
pre-apical one ................................................................................................................ 3

3(2) Labrum-epipharynx ≥450 μm ....................................................................................... 4
Labrum-epipharynx ≤400 μm ...........................................................Lu. (Hel.) gonzaloi

Lu. (Hel.) hartmanni
Lu. (Hel.) kirigetiensis

Lu. (Hel.) tortura
4(3) Individual spermathecal ducts ca. 3.5 times longer than the spermatheca 

.............................................................................................................. Lu. (Hel.) cirrita
Individual spermathecal ducts less than three times the spermatheca’s length ............. 5

5(4) Wing: delta ca. 0.50 of alpha ....................................................................................... 6
Wing: delta measuring between 0.30 and 0.45 the value of alpha ............................... 7

6(5) Labrum-epipharynx ca. 620 μm; flagellomere I 550 μm .................... Lu. (Hel.) adamsi
Labrum-epipharynx on average ca. 500 μm (maximum value, 580 μm); flagellomere I, 
on average 440 μm (maximum value 537 μm) ............................... Lu. (Hel.) guderiani

Lu. (Hel.) monzonensis
7(5) Wing: delta = beta .................................................................. Lu. (Hel.) sp. de Pichinde

Wing: delta > beta  .............................................................................. Lu. (Hel.) scorzai
Lu. (Hel.) tolimensis

Osornoi series
MALES
1 Large size, lengths: head ≥500 μm, wing ≥3.2 mm, gonocoxite ≥450 μm ................. 2

Median size, lengths: head ≤430 μm, wing ≤2.7 mm, gonocoxite ≤400 μm .............. 5
2(1) Wing: delta ca. 0.50 of alpha .................................................. Lu. (Hel.) erwindonaldoi

Lu. (Hel.) larensis
Wing: delta ≤ 0.25 of alpha.......................................................................................... 3

E. A. B. Galati



143

3(2) Wing: delta ca. 0.17 of alpha ................................................................ Lu. (Hel.) wattsi
Wing: delta ca. 0.25 of alpha ........................................................................................ 4

4(3) Paramere with the apical half digitiform, its width being ca. 2/3 that of the epandrial 
lobe at this latter’s narrowest part .................................................. Lu. (Hel.) caballeroi
Paramere with the apical half digitiform, however thicker, its width being equal to that 
of the epandrial lobe at this latter’s narrowest part ............................ Lu. (Hel.) osornoi

5(1) Wing: delta ca. 0.33 of alpha; beta 0.40 of gamma ...................................................... 6
Wing: delta ca. 0.25 of alpha; beta 0.60 of gamma ..................................................... 8

6(5) Tuft of gonocoxite consisting of ca. 25 fine setae; paramere with straight dorsal 
margin ............................................................................................Lu. (Hel.) strictivilla
Tuft of gonocoxite consisting of up to 21 semifoliaceous setae; paramere  
with a concavity in the middle of its dorsal margin, so that it curves towards the 
gonocoxite ..................................................................................................................... 7

7(6) Tuft of the gonocoxite of 18–21 setae................................................. Lu. (Hel.) rispaili
Tuft of the gonocoxite of 12–15 setae...........................................Lu. (Hel.) munaypata

8(5) Tuft of gonocoxite of ca. 30 setae implanted in tubercle ........... Lu. (Hel.) quillabamba
Tuft of gonocoxite of 25 or fewer setae, not implanted in tubercle .............................. 9

9(8) Tuft of gonocoxite with 9–14 subequal wide setae ..................................................... 10
Tuft of gonocoxite consisting of ca. 20 setae with the basal ones wider than the 
apical ................................................................................................ Lu. (Hel.) castanea

10(9) Tuft of gonocoxite with subequal wide setae implanted in a circular non-compact  
area ................................................................................................... Lu. (Hel.) ceferinoi
Tuft of gonocoxite implanted in a semilunar compact area ................ Lu. (Hel.) herreri

FEMALES
1 Large size, head length ≥ 580 μm, wing ≥5 mm, flagellomere I ≥ 570 μm ................ 2

Median size, head length ca. 520 μm, wing ca. 3.2 mm, flagellomere I ca. 530 μm .... 4
2(1) Wing: delta ca. 0.50 of alpha ............................................................. Lu. (Hel.) larensis

Wing: delta ≤ 0.25 of alpha.......................................................................................... 3
3(2) Cibarium: sclerotized area twice as long as its basal width; common spermathecal duct 

length equivalent to 2/3 of the spermatheca’s length ..................... Lu. (Hel.) caballeroi
Cibarium: sclerotized area four × longer than its basal width; common spermathecal 
duct’s length equivalent to 1/4 of the spermatheca’s length .............. Lu. (Hel.) osornoi

4(1) Wing: delta/alpha ca. 0.4, beta/gamma ≤ 0.5 .............................................................. 5
Wing: delta/alpha ≤ 0.28, beta/gamma ≥ 0.7 .............................................................. 7

5(4) Wing: beta/gamma ca. 0.53 ..........................................................Lu. (Hel.) munaypata
Wing: beta/gamma ca. 0.4 ............................................................................................ 6

6(5) Flagellomere I longer than labrum-epipharynx and this latter ca. 2 × longer than the 
clypeus ........................................................................................... Lu. (Hel.) strictivilla
Flagellomere I shorter than labrum-epipharynx and this latter ca. 2.5 × longer than the 
clypeus ....................................................................................... Lu. (Hel.) quillabamba

7(4) Wing: width ca. 1.15 mm, alpha 1.17 mm, delta ca. 0.34 mm ......Lu. (Hel.) imperatrix
Wing width ≤ 1.0 mm, alpha, ≤ 0.93 mm, delta ≤ 0.31 mm ....................................... 8

8(7) Flagellomere I ≤ 370 μm; labrum-epipharynx ≤410 μm ................ Lu. (Hel.) ceferinoi
Flagellomere I ≥ 400 μm; labrum-epipharynx ≥460 μm ............................................. 9

9(8) Pronotum and paratergite dark brown .............................................. Lu. (Hel.) castanea
Pronotum and paratergite light brown................................................. Lu. (Hel.) herreri
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Peruensis series
MALES
1 Presence of setae on the anterior region of the katepisternum; tergal papillae present at 

least on the 6th and 7th tergites ..................................................................................... 2
Absence of setae on the anterior region of the katepisternum; tergal papillae absent on 
all tergites ............................................ (complex Noguchii) ........................................ 6

2(1) Paramere rectangular at its base and the apical half digitiform, bearing a sharp concavity 
in the middle of its dorsal margin and setae disposed like a toothbrush, that is, located 
just on the apical quarter of the digitiform part .................................Lu. (Hel.) galatiae
Paramere without the above set of characteristics ........................................................ 3

3(2) Gonostyle with the internal spine implanted beyond its middle ................................... 4
Gonostyle with the internal spine implanted before its middle .................................... 5

4(3) Gonostyle with the internal spine located at the beginning of the apical third and the 
external lower one above the middle; paramere with the apical half laminar and densely 
covered with thin setae ..........................................................................Lu. (Hel.) pescei
Gonostyle with the external lower spine implanted before its middle; paramere with 
digitiform apex .................................................................................... Lu. (Hel.) tejadai

5(3) Paramere with pre-apical protuberance on the ventral margin; gonocoxite with basal 
tuft consisting of fine setae ......................................................  Lu. (Hel.) ayacuchensis
Paramere without pre-apical protuberance on the ventral margin; basal tuft of the 
gonocoxite with the upper setae fine and the lower ones semifoliaceous ……………. .
……………..................................................................................... Lu. (Hel.) peruensis

6(1) Gonostyle with the external lower spine implanted at the same level or slightly more 
apically than the internal one ........................................................................................ 7
Gonostyle with the external lower spine implanted more basally than the internal  
one ................................................................................................................................. 8

7(6) Digitiform part of the paramere covered by setae only in its apical half ........................  
.......................................................................................................... Lu. (Hel.) noguchii
Digitiform part of the paramere covered by setae throughout .. Lu. (Hel.) pallidithorax

8(6) Gonostyle with the distance between the external spines greater than the external upper 
spine and the apical ones ………................................................ Lu. (Hel.) chavinensis
Gonostyle with the distance between the external spines ≤ the external upper spine and 
the apical ones ..................................................................................  Lu. (Hel.) blancasi

FEMALES
1 Absence of setae on the anterior region of the katepisternum.....................................

complex Noguchii ......................................................................................................... 2
Presence of setae on the anterior region of the katepisternum ...................................... 5

2(1) Wing: delta ≥ 0.33 of alpha; clypeus shorter than the eyes ......Lu. (Hel.) pallidithorax
Wing: delta ≤ 0.25 of alpha; clypeus longer than the eyes .......................................... 3

3(2) Flagellomere I ca. 400 μm ..........................................................  Lu. (Hel.) chavinensis
Flagellomere I ca. 300 μm ............................................................................................ 4

4(3) Labrum-epipharynx ca. 370 μm; 3rd palpal segment with ca. 25 Newstead’s  
sensilla ..............................................................................................  Lu. (Hel.) blancasi
Labrum-epipharynx ca 300 μm; 3rd palpal segment with ca. 50 Newstead’s  
sensilla ...............................................................................................Lu. (Hel.) noguchii
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5(1) Diameter of the apical ring of the spermathecae perceptibly smaller than that of the 
pre-apical ring ..........................................................................  Lu. (Hel.) ayacuchensis
Diameter of apical ring of the spermathecae ≥ that of the pre-apical ring ................... 6

6(5) Wing: delta ca. 0.50 of alpha; apical ring of the spermathecae perceptibly longer and 
wider than the pre-apical ring, looking somewhat globular ............ Lu. (Hel.) peruensis
Wing: delta ca. 0.33 of alpha; apical ring of the spermathecae with similar diameter 
and ca. twice the length of the pre-apical ring .............................................................. 7

7(6) Labrum-epipharynx ca. 500 μm; individual spermathecal ducts ca. 10 × longer than the 
spermatheca .......................................................................................... Lu. (Hel.) pescei
Labrum-epipharynx ca. 350 μm; individual spermathecal ducts ca. 5 × longer than the 
spermatheca ......................................................................................... Lu. (Hel.) tejadai

Lu. (Hel.) galatiae
(Castromyia)
MALES
1 Gonocoxite with tuft consisting of six setae; paramere with two setae with hooked apex 

in the median region of the dorsal margin .........................................Lu. (Cas.) amarali
Gonocoxite with tuft consisting of 4–5 setae; paramere without setae or presenting one 
seta with or without hooked apex in the median region of the dorsal margin ……........2

2(1) Gonocoxite with tuft consisting of 5 setae; paramere sclerotized in its apical  
half and without setae of hooked apex in the median region of the dorsal  
margin ..............................................................................................  Lu. (Cas.) caligata
Gonocoxite with tuft consisting of 4 setae; paramere not sclerotized in its  
apical half and with a seta of hooked apex in the median region of the dorsal  
margin ................................................................................................. Lu. (Cas.) castroi

FEMALES: only Lu. amarali has been described. The spermathecae present 15–17 rings and the 
apical one is ca. 4 times longer than the pre-apical and a little wider than this latter; the common 
spermathecal duct is shorter than the spermatheca; the individual spermathecal ducts are ca. 4 
times longer than the spermatheca and at their basal part half as wide as the spermatheca’s width, 
tapering gradually, so at the apical part it is ca. 0.25 of the basal value.

(Lutzomyia)
MALES
1 Labial suture not forming a fork (Fig.  10-B); paramere with a protuberance on the 

ventral margin before the digitiform apex (Fig. 177) ................................................... 2
Labial suture forming a fork (Fig. 10-A or C), paramere different from the above ..... 3

2(1) Paramere: tubercle (where the setae with hooked apices are implanted) 2.6 × higher 
than it is wide; area of the pre-apical bulge with sparse coating of very short setae; 
dorsal margin with 2–3 setae straight and turned towards the gonocoxite ...... Lu. (Lut.) 
dispar
Paramere: tubercle (where the setae with hooked apices are implanted) twice as high as 
it is wide; area of the pre-apical bulge presenting a row of longer setae in addition to 
the sparse coating of very short setae; dorsal margin with 6–7 setae straight and turned 
towards the gonocoxite. .....................................................................Lu. (Lut.) fonsecai

3(1) Gonostyle with five well-developed spines ................................................................... 4
Gonostyle with four well-developed spines ................................................................ 11

4(3) Gonostyle with one apical spine (Figs. 123 or 131) ..................................................... 5
Gonostyle with two apical spines (Fig. 119) ................................................................ 6
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5(4) Gonostyle with pre-apical spiniform seta (Fig.  123), gonocoxite with basal tuft  
of nine setae, three of them semifoliaceous; the paramere’s dorsal margin has a  
tubercle in which are implanted three long spines curving abruptly to form a right  
angle .................................................................................................  Lu. (Lut.) falquetoi
Gonostyle without pre-apical spiniform seta (Fig.  131); gonocoxite with a  
foliaceous seta implanted in a sclerotized basal tubercle; paramere’s dorsal  
margin has a tubercle in which are implanted two semifoliaceous hook-shaped  
setae .....................................................................................Lu. (Lut.) elizabethrangelae

6(4) Paramere with dorsal margin bearing 5–6 setae with hooked apices..............................  
......................................................................................................... Lu. (Lut.) battistinii
Paramere with dorsal margin bearing 1–2 setae with hooked apices............................ 7

7(6) Gonocoxite with the basal tuft implanted in prominent tubercle, having two foliaceous 
setae (Fig. 144) .............................................................................................................. 8
Gonocoxite with the basal tuft presenting a different aspect from the above ............... 9

8(7) Ventral margin of the paramere with an elongated lobe, but with rounded apex covered 
with setae ..........................................................................................Lu. (Lut.) forattinii
Ventral margin of the paramere without the above lobe ....................Lu. (Lut.) almerioi

9(7) Gonocoxite with the basal tuft implanted in a distinct tubercle presenting four fine setae 
and one semifoliaceous ................................................................... Lu. (Lut.) bicornuta
Gonocoxite with the basal tuft implanted directly in its surface, with four setae, three 
of them fine and one semifoliaceous ........................................................................... 10

10(9) Gonostyle with external lower and internal spines equally developed; ventral  
margin of the paramere tapers brusquely in its apical third making this area  
digitiform ....................................................................................  Lu. (Lut.) cavernicola
Gonostyle with external lower spine thinner than the internal one; ventral margin of the 
paramere straight and simple ..................................................................Lu. (Lut.) renei

11(3) Gonocoxite with basal tuft of two foliaceous setae (Fig. 144) ................................... 12
Gonocoxite with basal tuft of four filiform setae (of width ≤ that of the aedeagal ducts) 
and/or semifoliaceous ones (wider than the aedeagal ducts) ...................................... 13

12(11) Paramere with two foliaceous setae ......................................................  Lu. (Lut.) lichyi
Paramere with two fine setae ............................................................ Lu. (Lut.) bifoliata

13(11) Basal tuft of the gonocoxite with semifoliaceous setae. ............................................. 14
Basal tuft of the gonocoxite with filiform setae .......................................................... 15

14(13) Ratio: aedeagal ducts/sperm pump 3.0:1.0 ............................................  Lu. (Lut.) cruzi
Ratio: aedeagal ducts/sperm pump ≥4.5:1.0 ..............................  Lu. (Lut.) souzalopesi

15(13) Gonostyle without spiniform pre-apical seta .............................Lu. (Lut.) ischnacantha
Gonostyle with spiniform pre-apical seta ................................................................... 16

16(15) Isolated setae of the dorsal margin of the paramere implanted in a tubercle .............. 17
Isolated setae of the dorsal margin of the paramere not implanted in a tubercle (Fig. 176)
....................................................................................................... Lu. (Lut.) longipalpis

Lu. (Lut.) pseudolongipalpis
17(16) Gonostyle with the internal spine implanted beyond its middle near the external upper 

one .................................................................................................. Lu. (Lut.) gaminarai
Gonostyle with the internal spine implanted in its middle ......................................... 18

18(17) Paramere and gonocoxite robust; paramere with the apical part (after the tubercle in 
which the curved setae are implanted) less than three times longer than its maximum 
width; gonocoxite ca. 2.3 times its maximum width ...........  Lu. (Lut.) ischyracantha
Paramere and gonocoxite thinner; paramere with its apical part 4.0 or more times 
greater than its maximum width; gonocoxite 2.8 times longer than its maximum width
..................................................................................................................................... 19
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19(18) Ratios: flagellomere I/labrum-epipharynx ca.1.45:1.0 and aedeagal ducts/sperm pump 
ca. 3.7:1.0; paramere with discreet protuberance in the pre-apical region of its ventral 
margin ............................................................................................... Lu. (Lut.) alencari
Ratios: flagellomere I/labrum-epipharynx ca 1.2:1.0 and aedeagal ducts/sperm pump 
ca. 3.1: 1.0; paramere without the above protuberance .....................  Lu. (Lut.) matiasi

FEMALES
1 Labial fork absent (Fig. 10-B) ...................................................................................... 2

Labial fork present (Fig. 10-A or C) ............................................................................. 3
2(1) Presence of Newstead’s sensilla on 2nd and 4th palpal segments ........Lu. (Lut.) dispar

2nd and 4th palpal segments without Newstead’s sensilla ................Lu. (Lut.) fonsecai
3(2) Cercus length ca. 4.0 × its width .................................................. Lu. (Lut.) souzalopesi

Cercus length ca. 2.0 × its width ................................................................................... 4
4(3) Cibarium with two pairs of posterior (horizontal) teeth ............................................... 5

Cibarium with three or more pairs of posterior (horizontal) teeth .............................. 12
5(4) Spermathecae with apical ring clearly longer than the rings that precede it ................ 6

Spermathecae with apical ring as long as the rings that precede it ............................... 9
6(5) Thoracic pleura brown .................................................................................................. 7

Thoracic pleura straw .................................................................................................... 8
7(6) Antennae: flagellomere XIV clearly longer than flagellomere XIII ...... Lu. (Lut.) lichyi

Antennae: flagellomere XIV shorter than flagellomere XIII .............Lu. (Lut.) bifoliata
8(6) Wing: ca. 2.65 mm long, 0.83 mm wide ...................................... Lu. (Lut.) cavernicola

Wing: length ≤ 2.5 mm, width < 0.7 mm ........................................Lu. (Lut.) battistinii
Lu. (Lut.) bicornuta

Lu. (Lut.) ischnacantha
9(5) 9th tergite with protuberance (Fig. 41) ..............................................Lu. (Lut.) almerioi

9th tergite without protuberance (Fig. 40) .................................................................. 10
10(9) Clypeus longer than the eye’s width; 10th sternite with two apical setae ................... 11

Clypeus ≤ eye’s width; 10th sternite with 3–5 apical setae ....................Lu. (Lut.) renei
11(10) 8th tergite generally without setae, though sometimes one is present .....Lu. (Lut.) forattinii

8th tergite with 5–11 setae ..................................................Lu. (Lut.) elizabethrangelae
12(4) Cibarium with the anterior (vertical) teeth well developed clearly larger than the apical 

external teeth of lacinia; 8th sternite wider than its length.......  Lu. (Lut.) pseudolongipalpis
Cibarium with the anterior (vertical) teeth as large as or smaller than the apical external 
teeth of lacinia; 8th sternite equal to, shorter or longer than its width ........................ 13

13(12) Cibarium: posterior (horizontal) teeth with their base as wide as their height, like a saw 
blade ............................................................................................................................ 14
Cibarium with posterior teeth longer than the width of their bases  
(needle-like) .................................................................................. Lu. (Lut.) longipalpis

Lu. (Lut.) cruzi
Lu. (Lut.) gaminarai

Lu. (Lut.) matiasi
14(13) Cibarium with five or more pairs of posterior (horizontal) teeth; labrum-epipharynx ca. 

270 μm ..................................................................................... Lu. (Lut.) ischyracantha
Cibarium with three pairs of posterior (horizontal) teeth; labrum-epipharynx ca. 
320 μm .............................................................................................. Lu. (Lut.) alencari
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(Tricholateralis)
MALES
1 Median region of the dorsal margin of paramere with one or two setae with hooked 

apex, located separately from the apical setae (Fig. 175) .....................Lu. (Trl.) falcata
Median region of the dorsal margin of paramere without the above setae ................... 2

2(1) Basal tuft of gonocoxite located in a prominent tubercle (Figs. 147 and 148) ............. 3
Basal tuft of gonocoxite located on a discreet prominence (Fig. 145) ......................... 6

3(2) Basal tuft of gonocoxite bearing up to 9 setae .............................................................. 4
Basal tuft of gonocoxite bearing ca. 15 setae ...................................Lu. (Trl.) flabellata

4(3) External lower spine of gonostyle located more basally than the internal spine; this 
latter located beyond its middle ................................................. Lu. (Trl.) spathotrichia
External lower spine of gonostyle located at the same level as the internal spine, i.e. 
before its middle ........................................................................................................... 5

5(4) Basal tuft of gonocoxite bearing semifoliaceous setae (Fig. 147) and other spiniform 
setae .................................................................................................  Lu. (Trl.) carvalhoi
Basal tuft of gonocoxite bearing only of semifoliaceous setae .........................Lu. (Trl.)  
araracuarensis

6(2) Basal tuft of gonocoxite bearing of 5–8 setae ............................................................... 7
Basal tuft of gonocoxite bearing 12 or more setae ..................................................... 10

7(6) Pronotum and paratergite dark brown ........................................................................... 8
Pronotum and paratergite straw ................................................... Lu. (Trl.) evangelistai

8(7) Thoracic pleura straw ..........................................................................  Lu. (Trl.) legerae
Anepisternum brown ..................................................................................................... 9

9(8) Flagellomere I ca. 310 μm; flagellomere I/labrum-epipharynx ratio ca.1.22:1.00; wing: 
length/width ratio ca. 3.7:1.0; aedeagal ducts/sperm pump ratio ca. 3.5:1.0 ..................  
...............................................................................................................  Lu. (Trl.) maesi
Flagellomere I  ≤  270 μm; flagellomere I/labrum-epipharynx ratio  ≤  1.0:1.0; wing: 
length/width ratio ≤ 3.0:1.0; aedeagal ducts/sperm pump ratio ≤ 2.8:1.0 .....................  
.......................................................................................................... Lu. (Trl.) diabolica

10(6) 5th palpal segment equal to or slightly longer than 3rd ................... Lu. (Trl.) cultellata
5th palpal segment distinctly longer than 3rd ............................................................. 11

11(10) Pronotum and paratergite straw .................................................................................. 12
Pronotum and paratergite brown ................................................................................. 13

12(11) Setae of the basal tuft of the gonocoxite distinctly wider than the aedeagal ducts .........  
..........................................................................................................  Lu. (Trl.) sherlocki
Setae of the basal tuft of the gonocoxite as wide as the aedeagal ducts ...... Lu. (Trl.) gomezi

13(11) Paramere with straight apical-dorsal margin ....................................  Lu. (Trl.) cruciata
Paramere with the above margin curved toward the gonocoxite ....................................  
....................................................................................................... Lu. (Trl.) marinkellei

FEMALES
1 Pronotum, paratergite and thoracic pleura straw .......................................................... 2

Pronotum and paratergite brown ................................................................................... 4
2(1) Head totally straw and the mesonotum of straw brown sides .........................................  

...................................................................................................... Lu. (Trl.) evangelistai
Head brown, even if partially, mesonotum dark brown ................................................ 3

3(2) Spermatheca: individual ducts’ width equivalent to 0.33 of the apical ring’s  
width .................................................................................................. . Lu. (Trl.) gomezi
Spermatheca: individual ducts’ width equivalent to half or more of that of the apical 
ring .................................................................................................... Lu. (Trl.) sherlocki
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4(1) Thoracic pleura straw .................................................................................................... 5
Anepisternum, katepisternum and katepimeron dark brown ........................................ 6

5(4) 9th tergite with several very short and sclerotized spicules at the apex of the dorso-
lateral region ...................................................................................... Lu. (Trl.) cruciata
9th tergite without the above mentioned sclerotized spicules ..............Lu. (Trl.) legerae

6(4) Labrum-epipharynx, clearly longer than flagellomere I .................. Lu. (Trl.) diabolica
Labrum-epipharynx ≤ flagellomere I .............................................  Lu. (Trl.) carvalhoi

Lu. (Trl.) falcata
Lu. (Trl.) marinkellei

Lu. (Trl.) spathotrichia
Lu. (Trl.) maesi

The females of Lu. (Trl.) cultellata, Lu. (Trl.) flabellata and Lu. (Trl.) araracuarensis have not 
yet been described.

Incertae sedis
Lutzomyia chotensis
Male: ventro-cervical sensilla present. Absence of setae on the anterior region of the katepisternum 
and of setae on the abdominal pleura. Presence of tergal papillae from V to VII abdominal tergites. 
Gonostyle with four spines and without pre-apical spiniform seta, external lower spine implanted 
before the middle of the gonostyle and the internal one on its middle. Gonocoxite with two 
straight setae at its base. Paramere simple, digitiform with spiniform setae. Epandrial lobes shorter 
than the gonocoxite. Female: not yet described.
Lutzomyia ignacioi
Both sexes: ascoids with rudimentary spur; presence of papilla in flagellomere III; absence of 
setae on the anterior region of the katepisternum and ventrocervical sensilla present. Male: 
gonocoxite with a sparse basal cluster of ca. ten long fine setae; paramere simple with apex 
slightly bent towards the gonocoxite; aedeagal ducts ca. twice as long as the sperm pump. Female: 
cibarium with two pairs of posterior (horizontal) teeth; common spermathecal duct and the 
individual spermathecal ducts striated; spermathecae with 11–12 rings, many of them imbricated; 
the spermatheca’s length is half that of the individual spermathecal ducts, these latter ca. five × 
longer than the common spermathecal duct.
Lutzomyia manciola
Female: clypeus short, equivalent to 0.25 of the head’s length and 0.50 of the eyes’ length. Palpal 
formula: 1.4.2.3.5, with the 5th palpal segment slightly longer than the 3rd; on this latter the 
Newstead’s sensilla are scattered along the apical 2/3; flagellomeres with simple ascoids in fII its 
apex goes slightly beyond the papilla. Labrum-epipharynx equivalent to 0.53 of the head’s length 
and 0.83 of flagellomere I. Cibarium with four posterior teeth and 11–12 anterior vertical teeth 
very small; discreet sclerotized area and sclerotized arch incomplete. Thorax dusky throughout. 
Spermatheca piriform and striated with terminal knob bilobated, individual and common 
spermathecal ducts striated, the former ca. five times longer than the latter. Male: not yet 
described.
Lutzomyia ponsi
Female: closely similar to that of Lu. ignacioi; the differences being the presence of four pairs of 
posterior (horizontal) teeth and terminal knob of the spermatheca more elongated. Male: not 
described.
Lutzomyia tanyopsis
Female: Clypeus longer than the eyes and ca. 0.4 of the head’s length. Palpal formula: 1.4.2.3.5; 
ascoids with distinctive posterior spur; cibarium with two pairs of posterior teeth, with the inner 
pair’s apex turned towards the pharynx and the external pair turned outward and a row of irregular 
anterior vertical teeth; spermatheca segmented, the terminal knob distinctly longer and wider than 
the anterior, common spermathecal duct very short and the individual spermathecal ducts eight 
times longer than the former. Male: not yet described.
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Migonemyia
(Migonemyia)

MALES
1 Gonocoxite with basal tuft of 11–15 setae; aedeagal ducts ≤2.9 times longer than the 

sperm pump .....................................................................................  Mg. (Mig.) rabelloi
Gonocoxite without basal tuft or with tuft of 1–10 setae; aedeagal ducts ≥3.6 times 
longer than the sperm pump .......................................................................................... 2

2(1) Paramere digitiform and slightly convex in its dorsal margin; aedeagal ducts and sperm 
pump measuring respectively ≥640 μm and ≥146 μm ...................... Mg. (Mig.) vaniae
Paramere strongly convex in its dorsal margin between two concavities; aedeagal ducts 
and sperm pump measuring respectively ≤590 μm and ≤130 μm .......Mg. (Mig.) migonei

FEMALES
1 Set consisting of common spermathecal duct, individual spermathecal duct and 

spermatheca relatively short, equivalent to the height of genital furca; individual 
spermathecal ducts striated in the region of transition to the spermatheca .....................
.........................................................................................................  Mg. (Mig.) rabelloi
Set consisting of common spermathecal duct, individual spermathecal duct and 
spermatheca very long, ≥ the height of genital furca; individual spermathecal ducts not 
striated in the region of transition to the spermatheca .................................................. 2

2(1) Tergite VIII with between zero and two setae; terminal knob of the spermathecae 
sessile ................................................................................................. Mg. (Mig.) vaniae
Tergite VIII with 5–22 setae; terminal knob of the spermathecae pedunculated  
(Fig. 44) ............................................................................................ Mg. (Mig.) migonei

(Blancasmyia)
MALES
1 Paramere apically bifurcated; epandrial lobe apex with permanent setae ......................  

....................................................................................................... Mg. (Bla.) cerqueirai
Paramere simple, epandrial lobe apex without permanent setae .................................. 2

2(1) Gonostyle with the external lower spine located on its apical third; aedeagal ducts 
slightly longer than the sperm pump ................................................. Mg. (Bla.) gorbitzi
Gonostyle with the external lower spine located in its middle; aedeagal ducts at least 
twice as long as the sperm pump .................................................................................. 3

3(2) Gonocoxite with basal tuft consisting of ca. four long setae; aedeagal duct apex tapered 
and curved (Fig. 99) .................................................................... Mg. (Bla.) bursiformis
Gonocoxite without basal tuft of long setae; aedeagal duct apex truncated  
and flat ............................................................................................. Mg. (Bla.) moucheti

FEMALES
1 Spermatheca of sac-like aspect ..................................................  Mg. (Bla.) bursiformis

Spermatheca of tubular aspect ...................................................................................... 2
2(1) The set consisting of individual spermathecal ducts and spermatheca very short  

so that the apex of the spermatheca comes short of the middle of the genital furca 
(Fig. 47) ............................................................................................. Mg. (Bla.) gorbitzi
The set consisting of individual spermathecal ducts and spermatheca long, so that the 
apex of the spermatheca goes beyond the apex of the stem of the genital furca .......... 3

3(2) Common spermathecal duct as long as the individual spermathecal ducts ....................  
......................................................................................................  Mg. (Bla.) cerqueirai
Common spermathecal duct several times shorter than the individual spermathecal 
ducts ................................................................................................ Mg. (Bla.) moucheti
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Pintomyia
(Pintomyia)

MALES
1 Metepisternal and/or metepimeral setae present (Fig. 22) ............................................ 2

Metepisternal and metepimeral setae absent ................................................................. 3
2(1) Gonocoxite with basal tuft consisting of 6–8 setae; paramere digitiform with the setae 

of the dorsal margin occupying the apical half ............................ Pi. (Pin.) christenseni
Gonocoxite with basal tuft consisting of a larger number of setae; paramere thicker, 
with the setae of the dorsal margin occupying the apical third .... Pi. (Pin.) damascenoi

3(1) Gonocoxite without the basal tuft of setae; anterior and median coxae straw and the 
posterior coxae light brown.................................................... Pi. (Pin.) bianchigalatiae
Gonocoxite with basal tuft consisting of two or more setae, at least the posterior and 
median coxae being dark .............................................................................................. 4

4(3) Gonocoxite with basal tuft consisting of several setae in two rows.....Pi. (Pin.) pessoai
Gonocoxite with basal tuft consisting of 2–5 setae ...................................................... 5

5(4) Aedeagal ducts 3.5–4.0 times longer than the sperm pump ................Pi. (Pin.) fischeri
Aedeagal ducts 2.0–2.5 times longer than the sperm pump .............. Pi. (Pin.) kuscheli

FEMALES
1 Metepisternal and/or metepimeral setae present (Fig. 22); flagellomeres X and XI with 

papillae .......................................................................................................................... 2
Metepisternal and metepimeral setae absent, flagellomeres X and XI with  
no papilla ....................................................................................................................... 3

2(1) Spine of the femur highly conspicuous ........................................ Pi. (Pin.) damascenoi
.....................................................................................................  Pi. (Pin.) christenseni
Spine of the femur greatly reduced, sometimes difficult to see ........ Pi. (Pin.) mamedei

3(1) Anterior and median coxae straw, posterior coxae light brown; spermatheca with 
bulbous non-sclerotized aspect .............................................  Pi. (Pin.) bianchigalatiae
At least the posterior and median coxae dusky, spermatheca sclerotized ..................... 4

4(3) Anterior coxae straw; terminal knob’s diameter equivalent to or larger than that of the 
spermatheca, this latter being cylindrical (Fig. 69) ..............................Pi. (Pin.) fischeri
............................................................................................................. Pi. (Pin.) gibsoni
All coxae dusky; spermatheca sub-spherical ................................................................ 5

5(4) Labrum-epipharynx ≤270 μm; terminal knob at least as long as the spermatheca ........   
............................................................................................................ Pi. (Pin.) kuscheli
Labrum-epipharynx ≥350 μm, terminal knob shorter than the spermatheca .................  
............................................................................................................. Pi. (Pin.) pessoai

(Pifanomyia)
Pacae Series

MALES
1 Gonocoxite with tuft of 5–8 setae; aedeagal ducts ca. 7 × longer than the sperm 

pump ......................................................................................................Pi. (Pif.) pacae
Gonocoxite with tuft of 2–3 setae; aedeagal ducts ca. 6 × longer than the sperm 
pump .......................................................................................................Pi. (Pif.) gruta

FEMALES
1 Spermathecae smooth, banana-shaped (Fig. 74) .....................................Pi. (Pif.) pacae

Spermathecae cylindrical and transversally striated ................................Pi. (Pif.) gruta
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Monticola Series
MALES
1 Gonostyle with pre-apical spiniform seta; gonocoxite with sparse tuft of setae in the 

basal median region ........................................................................  Pi. (Pif.) monticola
Gonostyle without the pre-apical spiniform seta; gonocoxite without setae  ...................  
........................................................................................................ Pi. (Pif.) misionensis

FEMALES
1 Spermathecae elongated and transversally striated, bearing an apical inverted tapered 

collar ............................................................................................. Pi. (Pif.) misionensis
Spermathecae vesicular, not transversally striated and without the apical collar ...........  
.......................................................................................................... Pi. (Pif.) monticola

Pia Series
MALES
1 Presence of a compact cluster of setae in baso-median region of the gonocoxite ........ 2

Presence of a sparse cluster of setae in the middle of the gonocoxite .......................... 4
2(1) Labrum-epipharynx ca. 280 μm; flagellomere I ca. 350 μm ................ Pi. (Pif.) reclusa

Labrum-epipharynx ca. 220 μm; flagellomere I ca. 320 μm ......................................... 3
3(2) Tuft of the gonocoxite consisting of ca. ten setae ............................ Pi. (Pif.) torrealbai

Tuft of the gonocoxite consisting of 17–19 setae .........................Pi. (Pif.) valderramai
4(1) Dorsal margin of paramere almost straight bearing setae in its apical third ...................  

..................................................................................................................... Pi. (Pif.) pia
Dorsal margin of paramere curved, bearing setae in its apical fifth ...............................  
......................................................................................................Pi. (Pif.) limafalcaoae

FEMALES
1 Labrum-epipharynx >350 μm ....................................................................................... 2

Labrum-epipharynx ≤310 μm ....................................................................................... 4
2(1) Thoracic pleura dusky throughout ................................................................................ 3

Thoracic pleura dusky only in the basal region .............................  Pi. (Pif.) tihuiliensis
3(2) 5th palpal segment ca. one-third longer than the sum of 3rd  +  4th; common and 

individual spermathecal ducts smooth ..................................................Pi. (Pif.) reclusa
5th palpal segment subequal the sum of 3rd + 4th; common and individual spermathecal 
ducts striated ............................................................................................... Pi. (Pif.) pia

4(1) Thoracic pleura dusky throughout ...............................................Pi. (Pif.) limafalcaoae
Thoracic pleura partially dusky or completely straw .................................................... 5

5(4) Thoracic pleura straw ....................................................................  Pi. (Pif.) tocaniensis
Thoracic pleura dusky in their basal part ...................................................................... 6

6(5) 5th palpal segment longer than 3rd. Individual spermathecal ducts clearly shorter than 
the common spermathecal duct ....................................................... Pi. (Pif.) suapiensis
5th palpal segment shorter than 3rd. Individual spermathecal ducts longer than the 
common spermathecal duct ................................................................  Pi. (Pif.) emberai

Verrucarum Series
MALES
1 Gonocoxite with a tuft of setae in basal position .......................................................... 2

Gonocoxite with one tuft of setae in a basal and another in a central position ............. 4
2(1) Parameral sheath with curved apex, recalling the head of a goose ........Pi. (Pif.) deorsa

Parameral sheath simple and conical ............................................................................ 3
3(2) Gonostyle with the external lower spine implanted in its middle and the internal one 

basal; aedeagal ducts ca. twice as long as the sperm pump ....................... Pi. (Pif.) itza
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Gonostyle with the external lower and internal spines implanted in its base; aedeagal 
ducts ca. 3 times longer than the sperm pump ……….................... Pi. (Pif.) columbiana

4(1) Gonostyle with the internal spine located in a prominent tubercle ............................... 5
Gonostyle with the internal spine located in a discreet tubercle (Fig. 122) .................. 8

5(4) Gonocoxite with three tufts of setae ............................................................................. 6
Gonocoxite with two tufts of setae ............................................................................... 7

6(5) Gonostyle without the pre-apical seta; apical part of paramere with incipient lobe; 
gonocoxite with basal tuft of setae whose apices do not go beyond that of the 
paramere ............................................................................................Pi. (Pif.) moralesi
Gonostyle with pre-apical seta; apical part of paramere with two evident  
lobes; gonocoxite with basal tuft of setae whose apices go beyond that of the  
paramere .....................................................................................  Pi. (Pif.) antioquiensis

7(5) Gonostyle: the external lower spine with tapered apex ..........................Pi. (Pif.) aulari
Gonostyle: the external lower spine with truncated and slightly expanded  
apex ....................................................................................................... Pi. (Pif.) andina

8(4) Gonostyle with columnar aspect, the distance between the external lower and upper 
spines being twice or more the distance of this latter from the apical spine ................ 9
Gonostyle without columnar aspect, the distance between the external lower  
and upper spines equal to or less than the distance from this latter to the apical  
spine ...............................................................................................Pi. (Pif.) verrucarum

9(8) Paramere with dorsal margin being markedly concave with a long apical fringe  
of setae .......................................................................................Pi. (Pif.) cajamarcensis
Paramere with slightly concave dorsal margin with no long fringe of setae  
apically ...............................................................................................Pi. (Pif.) disiuncta

FEMALES
1 Spermathecae quasi-spherical ............................................................Pi. (Pif.) disiuncta

Spermathecae perceptibly elongated ............................................................................. 2
2(1) Flagellomere I ≥ labrum-epipharynx ............................................................................ 3

Flagellomere I < labrum-epipharynx ............................................................................ 4
3(2) Common spermathecal duct ca. 1.5 times longer than the individual spermathecal ducts 

and these latter perceptibly longer than the spermatheca .......................Pi. (Pif.) aulari
Pi. (Pif.) andina

Common spermathecal duct ca. twice as long as the individual spermathecal ducts, 
these latter being as long as the spermatheca .................................Pi. (Pif.) columbiana

4(2) Common spermathecal duct < individual spermathecal ducts ........................................   
....................................................................................................Pi. (Pif.) cajamarcensis
Common spermathecal duct ca. twice as long as the individual spermathecal  
ducts ................................................................................................... Pi. (Pif.) moralesi

Pi. (Pif.) verrucarum
The females of Pi. (Pif.) antioquiensis, Pi. (Pif.) deorsa and Pi. (Pif.) itza have not yet been 
described.

Evansi Series
MALES
1 Paramere with straight dorsal margin, completely covered by spiniform setae ........... 2

Paramere with dorsal margin slightly curved at the apex towards the gonocoxite, setae 
restricted to this apical area .................................................................. Pi. (Pif.) ovallesi

2(1) Sperm pump ca. 150 μm long, the pavilion’s diameter being larger than that of the sperm 
sac; aedeagal ducts ca. 670 μm; parameres thick, the digitiform part’s width slightly 
smaller than that of the base and as long as the epandrial lobe .........................................  
.................................................................................................................Pi. (Pif.) evansi
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Sperm pump ca. 120 μm long; the pavilion’s diameter being smaller or equal to that of 
the sperm sac; aedeagal ducts ≤570 μm; parameres thinner, with the digitiform part’s 
width perceptibly narrower than its base and smaller than the epandrial lobe ............. 3

3(2) Gonocoxite without tuft of setae; thorax with paratergite and pleura straw ...................  
.................................................................................................................Pi. (Pif.) nevesi
Gonocoxites with tuft of two or more setae; thorax with paratergite brown ..................  
.................................................................................................... Pi. (Pif.) maranonensis

FEMALES
1 Spermathecae without apical ring ................................................................................. 2

Spermathecae with apical ring ...................................................................................... 3
2(1) Labrum-epipharynx ≥330  μm; Thorax with paratergite and mesonotum brown 

contrasting with the straw pleura ..............................................  Pi. (Pif.) maranonensis
Labrum-epipharynx ≤270 μm; Thorax with paratergite and pleura straw  ....................   
.................................................................................................................Pi. (Pif.) nevesi

3(1) Spermatheca with a constriction in its apical half ..............................  Pi. (Pif.) ovallesi
Spermatheca without constriction in its apical half ..............................  Pi. (Pif.) evansi

Serrana Series
MALES
1 Paramere simple ............................................................................................................ 2

Paramere branched ...................................................................................................... 12
2(1) Gonostyle with the internal spine atrophied or perceptibly thinner than the external 

spine .............................................................................................................................. 3
Gonostyle with the internal spine of equivalent thickness to the external .................... 9

3(2) Gonocoxite with a multibranched seta .......................................... Pi. (Pif.) piedraferroi
Tuft of gonocoxite with three or more simple setae ..................................................... 4

4(3) Tuft of gonocoxite with straight setae ........................................................................... 5
Tuft of gonocoxite with curved setae with apices turned towards the gonocoxite ....... 6

5(4) Tuft of gonocoxite with five setae, the longest seta’s apex reaching that of the paramere
...............................................................................................................Pi. (Pif.) oresbia
Tuft of gonocoxite with 3–4 setae, the longest seta’s apex almost reaching the middle 
of that of the paramere ........................................................................Pi. (Pif.) ottolinai

6(4) Tuft of gonocoxite with five setae ................................................................................. 7
Tuft of gonocoxite with 6–7 setae .............................................................Pi. (Pif.) odax

7(6) Tuft of gonocoxite setae longer than the paramere on its dorsal margin ........................  
......................................................................................................... Pi. (Pif.) guilvardae
Tuft of gonocoxite setae shorter than the paramere on its dorsal margin ..................... 8

8(7) Paramere: apical area’s length (bearing setae) less than twice its width and with evident 
concavity preceding the apical area on its dorsal margin .....................Pi. (Pif.) robusta
Paramere: apical area’s length (bearing setae) greater than or equivalent to 2.5 times its 
width; dorsal margin, approximately straight ...................................... Pi. (Pif.) serrana

9(2) Mesonotum straw ........................................................................................................ 10
Mesonotum brown ...................................................................................................... 11

10(9) Gonocoxite with tuft of ca. 20 setae located on a small tubercle ...................................  
.........................................................................................................Pi. (Pif.) christophei
Gonocoxite with tuft of 4–5 setae located on its surface ...................... Pi. (Pif.) orestes
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11(9) Gonocoxite with tuft of 10–12 setae .........................................................Pi. (Pif.) diazi
Gonocoxite with two tufts of setae in a median position ......................Pi. (Pif.) novoae

12(1) Paramere: ventral lobe as long as the dorsal one; with 3–5 setae in the interlobular 
region ....................................................................................................  Pi. (Pif.) torresi
Paramere: ventral lobe perceptibly shorter than the dorsal one; presence of a tuft with 
ca. ten setae in the interlobular region ........................................................................ 13

13(12) Head length, including clypeus, ca. 360  μm; gonostyle with the preapical  
seta .................................................................................................... Pi. (Pif.) boliviana
Head length, including clypeus, ca. 310  μm; gonostyle without the preapical  
seta .....................................................................................................Pi. (Pif.) salomoni

FEMALES
1 Spermatheca with a detached apical ring ...................................................................... 2

Spermatheca without apical ring ................................................................................... 6
2(1) Spermathecae: marked narrowing separating the apical ring from the rest of the 

spermatheca ................................................................................................................... 3
Spermathecae with no narrowing .................................................................................. 5

3(2) Individual spermathecal ducts as long as the common spermathecal duct .....................  
................................................................................................................Pi. (Pif.) torresi
Individual spermathecal ducts ca. twice as long as the common spermathecal duct .... 4

4(3) Head length, including clypeus, ca. 500 μm; labrum-epipharynx ca. 300 μm .................. 
............................................................................................................Pi. (Pif.) boliviana
Head length, including clypeus ca. 360 μm; labrum-epipharynx ca. 220 μm ..................  
.............................................................................................................Pi (Pif.) salomoni

5(2) Spermatheca with the apical ring’s length ca. 0.50 of that of the striated part. .................. 
..............................................................................................................  Pi. (Pif.) oresbia
Spermatheca with the apical ring’s length 0.33 or less that of the striated part ................. 
..............................................................................................................Pi. (Pif.) ottolinai

Pi. (Pif.) odax
Pi. (Pif.) serrana
Pi. (Pif.) robusta

6(1) Spermatheca’s width at least ca. twice that of the apex of the genital furca ...................  
........................................................................................................ Pi. (Pif.) christophei
Spermatheca’s width equivalent to that of the apex of the genital furca ...................... 7

7(6) Mesonotum straw .................................................................................  Pi. (Pif.) orestes
Mesonotum brown ........................................................................................................ 8

8(7) Cibarium with a wide base of the sclerotized area extending throughout the anterior 
region of the horizontal teeth ................................................................Pi. (Pif.) novoae
Cibarium with a narrow base of the sclerotized area, occupying a narrow band in the 
anterior median region of the horizontal teeth ..........................................Pi. (Pif.) diazi

Townsendi Series
MALES
1 Gonostyle with thick apical spine, twice the width of the pre-apical one with a concavity 

on pre-apical part of its superior margin .......................................  Pi. (Pif.) spinicrassa
Gonostyle with the apical spine slightly thicker than the pre-apical one without the 
concavity on its pre-apical part ..................................................................................... 2
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2(1) Paramere without protuberance at the beginning of the apical third of the ventral 
margin ........................................................................................................................... 3
Paramere with protuberance at the beginning of the apical third of the ventral  
margin  .......................................................................................................................... 4

3(2) Gonocoxite with one tuft of pratically straight setae, with the more basal ones slightly 
smaller than the others .......................................................................... Pi. (Pif.) nadiae
Gonocoxite with the tuft of two distinct groups of setae, one with short, straight setae 
and the other with long, curved setae ..................................................Pi. (Pif.) amilcari

4(2) Paramere with its apical part bearing a group of setae of length approximately twice the 
width of the region in which they are located .......................................Pi. (Pif.) torvida
Paramere with its apical part bearing spines of length equal to or shorter than the width 
of the region in which they are located ......................................................................... 5

5(4) Basal tuft of the gonocoxite with the setae reaching the paramere’s apex .....................  
......................................................................................................  Pi. (Pif.) longiflocosa
Basal tuft of the gonocoxite with the setae reaching, at most, the middle of the  
paramere ........................................................................................................................ 6

6(5) Dorsal margin of the paramere with setae restricted to the apical quarter ......................  
............................................................................................................... Pi. (Pif.) youngi
Dorsal margin of the paramere with setae occupying its apical third or half ............... 7

7(6) Dorsal margin of the paramere with setae distributed on its apical third .......................  
................................................................................................. Pi. (Pif.) quasitownsendi
Dorsal margin of the paramere with setae distributed on its apical half ....................... 8

8(7) Paramere’s apex reaches or goes beyond the epandrial lobe’s apex...... Pi. (Pif.) townsendi
Paramere’s apex does not reach that of the epandrial lobe ................ Pi. (Pif.) sauroida

FEMALES: indistinguishable among the species.
Incertae sedis

Pintomyia (Pifanomyia) maracayensis
Male: wing with R1 going slightly beyond the level of the bifurcation R2R3, beta slightly smaller 
than alpha, gamma clearly bigger than alpha; gonostyle with four developed spines; epandrial 
lobe as long as the gonocoxite and perceptibly longer than the paramere. Female: not yet described.
Pintomyia (Pifanomyia) rangeliana
Male: clypeus as long as the eyes and ca. one-third of the head’s height; gonostyle with spiniform 
pre-apical seta; the external upper and lower spines located on the apical quarter and third, 
respectively, and the inner spine (atrophied) at its base; gonocoxite without tuft of setae, paramere 
thick bearing a concavity on its dorsal margin with the apex slightly curved towards the gonocoxite 
having its narrower part wider than the epandrial lobe, this latter being longer than the gonocoxite 
and perceptibly longer than the paramere. Female: Apex of the common spermathecal duct 
reaching the apex of the stem of the genital furca, individual spermathecal ducts practically absent 
and the spermatheca longer than wider, its width equivalent to twice the common spermathecal 
duct’s, small and spherical terminal knob, perceptibly detached from the spermatheca wall.
Pintomyia (Pifanomyia) sp. de Anchicaya
Male: clypeus shorter than 0.33 of the head’s height and ca. 0.50 of the eyes’ length. Palpal 
formula: 1.4.2. (3.5); the posterior femur of the specimen described lacking; gonostyle with the 
spiniform pre-apical spine, the upper and lower external spines located on the apical quarter and 
third, respectively, the internal one implanted slightly before its median region; gonocoxite 
without tuft of setae; paramere simple and digitiform; epandrial lobe slightly longer than the 
gonocoxite; aedeagal ducts twice as long as the sperm pump. Female: not yet described.
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Pintomyia (Pifanomyia) naiffi
Male: clypeus as long as 0.33 of the head. Palpal formula 1.4.(2.3).5. Posterior femur of the two 
specimens described lacking. Gonostyle with pre-apical seta, the apical and the two external 
spines well developed and the internal one thinner and shorter than the external; the external upper 
spine implanted in the apical quarter and the external lower spine a little beyond the middle of the 
gonostyle. Gonocoxite with a tuft consisting of 20 long setae (as long as the width of the 
gonocoxite) and implanted in a circular area of the median region of the gonocoxite. Paramere 
with a protuberance in the pre-apical region of the ventral margin; in its dorsal margin there occurs 
a concavity a little beyond the middle; the apical third being covered with setae. Parameral sheath 
with its apex almost reaching the middle of the paramere. Epandrial lobes slightly shorter than the 
gonocoxites and present rounded apex. Aedeagal ducts with slightly striated apex; ca. five times 
longer than the sperm pump. Female: not yet described.

Dampfomyia
(Dampfomyia)

MALES
1 Gonostyle with the two external spines ...........................................Da. (Dam.) insolita

Gonostyle with only one external spine ........................................................................ 2
2(1) Paramere with a basal dorsal branch shorter than the width of the base of the  

paramere, with ca. 3 setae in its apical region; apex of the paramere  
bifurcated ...................................................................................Da. (Dam.) leohidalgoi
Paramere with a basal dorsal branch as long as the width of the base of the paramere, 
with 10 or more setae; apex of the paramere not bifurcated ......................................... 3

3(2) Gonocoxite short and thick, its length being twice its width .......... Da. (Dam.) permira
Length of gonocoxite three or more times its width ..................................................... 4

4(3) Dorsal branch of paramere with less than ten setae ........................Da. (Dam.) rosabali
Dorsal branch of paramere with more than 20 setae ..................................................... 5

5(4) Dorsal branch of paramere digitiform and curved ........................................................ 6
Dorsal branch of paramere with oval extension ........................ Da. (Dam.) anthophora

6(5) Dorsal branch of paramere bearing setae on its apical half ............Da. (Dam.) atulapai
Dorsal branch of paramere bearing setae on most of its surface, only the basal fifth 
lacking setae .....................................................................................  Da. (Dam.) dodgei

FEMALES
1 Individual spermathecal ducts practically absent; common spermathecal duct more 

than half the width of the genital chamber ...................................... Da. (Dam.) permira
Individual spermathecal ducts present, though they may be shorter than the  
spermatheca ................................................................................................................... 2

2(1) Spermatheca bearing globular projections in its apical region ..................................... 3
Spermatheca bearing digitiform projections in its apical region  ...................................  
................................................................................................... Da. (Dam.) leohidalgoi

3(2) Cibarium with just one pair of posterior blade-shaped teeth (Fig. 20-E) .......................  
................................................................................................... Da. (Dam.) anthophora

Da. (Dam.) dodgei
Cibarium with two or more pairs of posterior teeth ...................................................... 4

4(3) Cibarium with two pairs of posterior teeth .....................................Da. (Dam.) atulapai
Da. (Dam.) rosabali

Cibarium with three pairs of posterior teeth ....................................Da. (Dam.) insolita
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Delpozoi Group
MALES
1 Gonostyle with the inner spine clearly implanted in its base; width of the epandrial lobe 

greater than that of the gonostyle; paramere without protuberance on the apical third of 
its ventral margin ........................................................................................Da. delpozoi
Gonostyle with the inner spine implanted near its middle; width of the epandrial lobe 
smaller or equivalent to that of the gonostyle; presence of protuberance on the apical 
third of its ventral margin .............................................................................................. 2

2(1) Paramere thick, its median region wider than the epandrial lobe, however its apical 
region tapers ............................................................................Da. sp. de Suchitepequez
Paramere thin, its median region being approximately of the same width as the 
epandrial lobe, though it presents a small apical extension ....................... Da. inusitata

FEMALES: indistinguishable
(Coromyia)

MALES
1 Gonostyle with two well-developed external spines ..................................................... 2

Gonostyle with only one well-developed external spine .............................................. 3
2(1) Gonocoxite with the basal tuft of less than ten setae; paramere narrow in its distal 2/3 

with similar width in the anterior and posterior areas to the protuberance of the ventral 
margin ................................................................................................ Da. (Cor.) deleoni
Gonocoxite with the basal tuft of more than 12 setae; paramere clearly wider in its 
distal 1/3, whose width is twice that of the anterior area of the protuberance of the 
ventral margin .................................................................................. Da. (Cor.) zeledoni

3(1) Gonostyle with a well-developed inner spine  .............................................................. 4
Gonostyle with a seta-like inner spine .......................................................................... 5

4(3) Epandrial lobe shorter and narrower or as wide as the gonocoxite ................................  
.......................................................................................................  Da. (Cor.) vesicifera
Epandrial lobe longer and clearly narrower than the gonocoxite ...................................  
........................................................................................................ Da. (Cor.) aquilonia

5(3) Gonostyle with the external spine implanted in its apical quarter or beyond ............... 6
Gonostyle with the external spine implanted in its apical third .................................... 8

6(5) Gonostyle short and the lateral lobe thick, so that the former is less than  
1.5 times longer than the width of the latter; gonocoxite with tuft of ca. six  
setae ....................................................................................................  Da. (Cor.) viriosa
Gonostyle ca. three times longer than the width of the lateral lobe; gonocoxite with a 
tuft of 8–10 setae ........................................................................................................... 7

7(6) Setae on the ventral margin of the paramere covering the apical third ...........................  
............................................................................................. Da. (Cor.) isovespertilionis
Setae on the ventral margin of the paramere covering the apical half ............................  
.................................................................................................  Da. (Cor.) vespertilionis

8(5) Gonocoxite narrower than the epandrial lobe, both measured in their median region . 9
Gonocoxite wider than the epandrial lobe, both measured in their median  
region ..................................................................................................Da. (Cor.) disneyi

9(8) Gonostyle with pronounced curve; the external spine implanted a little beyond its 
middle ...........................................................................................Da. (Cor.) steatopyga
Gonostyle without pronounced curve; the external spine implanted at the beginning of 
its apical third .................................................................................... Da. (Cor.) beltrani
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FEMALES
1 Cibarium with two pairs of posterior (horizontal) teeth whose base is merged  

in a small mound; spermathecae with lateral extension and terminal knob  
elongated ........................................................................................ Da. (Cor.) aquilonia
Cibarium with the posterior (horizontal) teeth with individualized base; spermathecae 
with or without lateral extension and terminal knob elongated or button-shaped ........ 2
Terminal knob as long as the spermatheca, this latter with apical  
extension ........................................................................................ Da. (Cor.) vesicifera

Da. (Cor.) deleoni
Da. (Cor.) zeledoni

Terminal knob button-shaped, spermatheca without apical extension.......................... 3
3(2) Individual spermathecal ducts practically absent; spermathecae communicating 

directly with the common spermathecal duct .............................. Da. (Cor.) steatopyga
Da. (Cor.) beltrani
Da. (Cor.) disneyi

Individual spermathecal ducts perceptible .................................................................... 4
4(3) Individual spermathecal ducts as long as the common spermathecal duct .....................  

............................................................................................................  Da. (Cor.) viriosa
Individual spermathecal ducts shorter than the common spermathecal duct  
(Fig. 75) .................................................................................... Da. (Cor.) vespertilionis

Incertae sedis
Dampfomyia caminoi
Both sexes. Clypeus longer than the eyes and a little smaller than half the head’s length. Male: 
gonocoxite with a longitudinal sclerotized band at its base and a tuft consisting of ca. ten long setae 
whose length is ca. twice the width of the gonocoxite; paramere simple with a pre-apical protuberance 
on its ventral margin; the specimen described lacks the gonostyle. Female: common spermathecal 
duct very short ca. 0.25 of the length of the individual spermathecal ducts and pratically of the same 
width as the genital chamber; the individual spermathecal ducts, at their extremities, are a little 
narrower than the common duct and in their middle as wide as the common duct, their length being 
equivalent to ca. twice the height of the stem of the genital furca; spermatheca bulbous with striation, 
width and length similar to the common spermathecal duct, narrow terminal knob, longer than the 
spermatheca and inserted in a funnel-shaped depression.

Expapillata
MALES
1 Gonocoxite: basal tuft consisting of thin straight setae, a little longer than the width of 

the gonocoxite; paramere tapers from the base to the apex..................Ex. cerradincola
Gonocoxite: tuft consisting of setae clearly longer than the width of the gonocoxite and 
apically sinuous; paramere rectangular in the basal 2/3 tapering abruptly in the apical 
third .............................................................................................................. Ex. firmatoi

FEMALES
4th palpal segment bearing several Newstead’s sensilla; spermatheca tubular with a 
small apical ring, in which the terminal knob is inserted .................... Ex. cerradincola
4th palpal segment without the Newstead’s sensilla; spermatheca spherical and with the 
terminal knob undetached from the spermatheca wall (Fig. 78) ................. Ex. firmatoi
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Pressatia
MALES
1 Paramere bearing a protuberance on the ventral margin and a digitiform process on the 

dorsal margin (Fig. 168) so that the former’s width in this area is greater than that of the 
epandrial lobes; basal tuft of the gonocoxite with spiniform and other flattened setae 
(Fig. 148) ....................................................................................................................... 2
Paramere with the apex narrower than the width of the epandrial lobes; the basal tuft of 
the gonocoxite having only flattened setae ................................................Pr. dysponeta

2(1) Paramere with ca. ten flattened setae inserted in the middle of its ventral  
margin .......................................................................................................... Pr. camposi
Paramere with only spiniform setae on its ventral margin ............................................ 3

3(2) Gonocoxite with basal, median and apical tufts, the median one with numerous  
setae ........................................................................................................ Pr. equatorialis
Median tuft of gonocoxite when present, having few setae .......................................... 4

4(3) Basal tuft of gonocoxite of 4–5 very fine, short setae and 6–7 flattened, long  
setae ........................................................................................................... Pr. triacantha
Tuft of gonocoxite of at least eight fine, though highly visible, setae, the flattened setae 
being present in variable number .................................................................................. 5

5(4) Dorsal margin of paramere concave from its middle, so that the apical half tapers 
towards the apex, where it widens again at the expanse of a dorsal and ventral 
protuberance; there are a few setae on the apical half ............................... Pr. calcarata
Dorsal margin of paramere convex or straight, the apical half being hairy .................. 6

6(5) Basal tuft of gonocoxite with 6–7 flattened setae and several fine setae, so short that 
their apices do not reach those of the flattened setae .................................................... 7
Basal tuft of gonocoxite with ca. four flattened and several fine setae, the apices of 
many of them going beyond those of the flattened setae ...................................Pr. choti

7(6) Basal tuft of gonocoxite with ca. ten fine, short and six flattened, long setae; paramere 
with the dorsal margin of the apical half bearing setae whose length is equivalent to the 
width of the paramere ................................................................................ Pr. duncanae
Basal tuft of gonocoxite with more than 20 short, fine setae and seven flattened, long 
setae; the dorsal margin of the apical half of the paramere bearing very short spiniform 
setae ............................................................................................................Pr. trispinosa

FEMALES: indistinguishable.
Trichopygomyia

MALES
1 Parameral sheath with apical lobe (Fig.178) ................................................................. 2

Parameral sheath without apical lobe (Fig. 169)........................................................... 5
2(1) Lobe of the parameral sheath curved with tapered apex, its base almost forming a right 

angle with the parameral sheath; the apex of the parameral sheath when observed in 
dorsal-ventral position looking like a ship’s anchor ...................................Ty. depaquiti
Apical lobe of the parameral sheath with rounded apex ............................................... 3

3(2) Apical lobe of the parameral sheath large, its apex turned towards the base of the 
genitalia and going beyond the middle of the parameral sheath ................................... 4
Parameral sheath’s apical lobe rudimentary, its height equivalent to the width of the 
sheath’s apex ................................................................................................... Ty. conviti

4(3) Ventral branch of paramere with discreet lobe on the apical third of the dorsal margin; 
parameral sheath’s lobe having an apex narrower than its base ........................Ty. pinna
Ventral branch of paramere with straight dorsal margin; parameral sheath’s lobe with 
rounded apex, ca. 3 times wider than its base (Fig. 178) ...................Ty. dasypodogeton
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5(1) Parameral sheath conical (Fig. 169) .............................................................................. 6
Parameral sheath rectangular, only the apex of the ventral margin being tapered; 
paramere three-branched .............................................................................Ty. martinezi

6(5) Paramere with three branches, the central one may be much smaller than the  
other two ....................................................................................................................... 7
Paramere with two branches ....................................................................................... 10

7(6) Central branch of paramere as long as the ventral one, presenting a projection, covered 
by setae, turned towards the base of the genitalia .......................................Ty. triramula
Central branch of paramere rudimentary or much smaller than the ventral one, with or 
without setae ................................................................................................................. 8

8(7) Central branch of paramere with setae on its apical region, the dorsal branch being 
T-shaped, with the transversal part hairy ......................................................... Ty. turelli
Central branch of paramere without setae; dorsal branch not T-shaped ....................... 9

9(8) Dorsal branch of paramere with tuft of semifoliaceous setae with straight apices; 
central arm with tapered apex ........................................................................Ty. elegans
Dorsal branch of paramere with tuft of fine setae, whose apices curve towards the apex 
of the paramere, the central branch having a rhomboid apex ....................... Ty. gantieri

10(6) Dorsal branch of paramere with width equivalent to ca. one-third of the ventral  
one .............................................................................................................Ty. trichopyga
Dorsal branch of paramere with width equivalent to or greater than that of the  
ventral one ................................................................................................................... 11

11(10) Paramere with a free area between the two branches resembling the shape of the head 
of a wrench ............................................................................................ Ty. rondoniensis
Paramere with a free area between the two branches but of another shape ................ 12

12(11) Apex of the dorsal branch of paramere reaching the same level as or going beyond the 
ventral one ................................................................................................................... 13
Apex of the dorsal branch of paramere does not reach the ventral one ...........Ty. witoto

13(12) Dorsal branch of paramere much longer than the ventral one, both with a hairy and 
rounded protuberance ..................................................................................... Ty. ferroae
Dorsal branch of paramere as long as the ventral one ................................................ 14

14(13) Dorsal branch of paramere with apex wider than its base .............................Ty. wagleyi
Dorsal branch of paramere with apex narrower than its base ...................Ty. longispina

Ty. ratclifffei*
* In the ten specimens observed from Utinga, Belém, Pará (municipality of the type-locality  
of Ty. longispina), the dorsal branch of the paramere is of varied aspect, including that described 
for the holotype of Ty. ratcliffei. On the other hand, none of them is similar to the drawing of  
Ty. longispina given by the authors of Ty. ratcliffei to illustrate the difference between them.
FEMALES: indistinguishable

Evandromyia
(Aldamyia)

MALES
1 Paramere with a markedly sclerotized ventral protuberance; aedeagal ducts with 

bifurcated apex (Fig. 105) ............................................................................................. 2
Paramere simple ............................................................................................................ 3

2(1) Apex of the aedeagal ducts with the two branches of practically equal  
lengths  ...........................................................................................Ev. (Ald.) carmelinoi
Apex of the aedeagal ducts with one of the branches longer than the other  
(Fig. 105) .................................................................................................  Ev. (Ald.) lenti
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3(1) Paramere with a hairy projection at the base of the dorsal margin ............................... 4
Paramere without the hairy projection at the base of the dorsal margin ....................... 5

4(3) Paramere with a marked protuberance in the region of the implantation of the setae on 
its ventral margin; tuft of gonocoxite with 4–5 short setae and 11–13 longer ones,  
but shorter than the width of the gonocoxite; apex of the aedeagal ducts tapered like 
arrows ...................................................................................................... Ev. (Ald.) orcyi
Paramere with or without a slight protuberance in the region of the implantation of the 
setae on its ventral margin; tuft of gonocoxite with four short setae and 3–6  
longer ones, but shorter than the width of the gonocoxite; aedeagal ducts with truncated 
apex ................................................................................................... Ev. (Ald.) evandroi

5(3) Gonostyle with the lower external spine implanted more basally than the internal  
one .......................................................................................................  Ev. (Ald.) bacula
Gonostyle with the lower external spine implanted more apically than the  
internal one .................................................................................................................... 6

6(5) Paramere with a protuberance in the pre-apical region of the ventral margin .............. 7
Paramere without any protuberance in the pre-apical region of the ventral margin ..... 8

7(6) Parameral sheath bilobed; apices of ejaculatory ducts expanded, cup-shaped, each with 
a tooth-shaped projection in its concave tip ..................................... Ev. (Ald.) williamsi
Parameral sheath simple, apices of ejaculatory ducts taper abruptly after the distension 
(Fig. 103) ..................................................................................... Ev. (Ald.) termitophila

8(6) Parameral sheath simple; gonostyle with the distance between the implantation level of 
the internal and lower external spines practically equal to the distance between the 
lower and upper external spines .................................................................................... 9
Parameral sheath bilobed, one of the lobes may be greatly reduced; gonostyle with the 
distance between the implantation level of the internal and lower external spines clearly 
greater than the distance between the lower and upper external spines ...................... 10

9(8) Apex of the paramere reaches the apical third of the epandrial lobe; apex of the 
parameral sheath tapered ..................................................................  Ev. (Ald.) dubitans
Apex of the paramere reaches only the middle of the epandrial lobe; apex of the parameral 
sheath tapers abruptly like the nipple of a feeding-bottle ............. Ev. (Ald.) aldafalcaoae

10(8) Parameral sheath with a very short dorsal branch like a callus; apex of the aedeagal 
ducts like ceiling fan blades, each with several small tooth-like projections in its 
concave tip ....................................................................................Ev. (Ald.) hashiguchii
Parameral sheath with the dorsal branch not callus-shaped; the apex of the aedeagal 
ducts wine glass or spoon-shaped, each with (or without) one tooth-like projection in 
its concave tip .............................................................................................................. 11

11(10) Gonocoxite with a basal tuft of 10–12 setae arranged in two parallel rows ...................  
.......................................................................................................... Ev. (Ald.) apurinan
Gonocoxite with a basal tuft of more than 18 setae arranged in two parallel rows .... 12

12(11) Parameral sheath with the ventral branch longer then the dorsal; apex of the aedeagal 
ducts wine glass-shaped, its width being twice or more that of the preceding part of the 
aedeagal ducts (Fig. 104) .................................................................... Ev. (Ald.) walkeri
Parameral sheath with the ventral branch shorter than the dorsal; apex of the aedeagal 
ducts spoon-shaped and narrower than twice the width of the preceding part of the 
aedeagal ducts ............................................................................................................. 13

13(12) Parameral sheath with a rudimentary ventral branch; apex of the aedeagal ducts spoon-
shaped, each with a tooth-like projection in its middle ...................... Ev. (Ald.) sericea
Parameral sheath with the ventral branch as long as half the dorsal; apex of the aedeagal 
ducts without any tooth-like projection ...................................................................... 14

14(13) Setae of the tuft of the gonocoxite of practically the same length .....................................  
......................................................................................................... Ev. (Ald.) andersoni
Setae of the tuft of the gonocoxite of varying length ................ Ev. (Ald.) sp. de Baduel
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FEMALES
1 Spermathecae ringed ..................................................................  Ev. (Ald.) termitophila

Spermathecae not ringed ............................................................................................... 2
2(1) Common spermathecal duct and basal part of the individual spermathecal ducts 

membranous and highly transparent, it being difficult to distinguish between  
them ............................................................................................ Ev. (Ald.) aldafdalcoae
Common and individual spermathecal ducts sclerotized, with a clear transition between 
them ............................................................................................................................... 3

3(2) Common and individual spermathecal ducts of similar lengths ................................... 4
Common spermathecal duct length  ≤  0.50 of that of the individual spermathecal  
ducts .............................................................................................................................. 5

4(3) Individual spermathecal ducts of uniform width along their length; spermatheca wider 
than its length .................................................................................... Ev. (Ald.) dubitans
Individual spermathecal ducts widen at the junction with the spermatheca; this latter as 
long as its width (Fig. 83) ..................................................................  Ev. (Ald.) walkeri

5(3) External margin of the common spermathecal duct with markedly sclerotized band .. 6
External margin of the common spermathecal duct different from the above .............. 7

6(5) Individual spermathecal ducts ca. four times as long as the common spermathecal 
duct ............................................................................................  Ev. (Ald.) carmelinoi
Individual spermathecal ducts ca. 2.5 times as long as the common spermathecal  
duct. ..........................................................................................................Ev. (Ald.) lenti

7(5) Spermatheca’s width at least four times that of the narrowest region of the individual 
spermathecal duct .......................................................................................................... 8
Spermatheca’s width up to two times that of the narrowest region of the individual 
spermathecal duct ........................................................................................................ 11

8(7) Junction between individual spermathecal duct and spermatheca  
sclerotized .......................................................................................  Ev. (Ald.) williamsi
Junction between individual spermathecal duct and spermatheca not sclerotized ....... 9

9(8) Individual spermathecal ducts ca. 2.5 times as long as the common spermathecal  
duct ................................................................................................... Ev. (Ald.) apurinan
Individual spermathecal ducts at least four times as long as the common spermathecal 
duct .............................................................................................................................. 10

10(9) Common spermathecal duct wide, its insertion occupying pratically all the genital 
chamber, its basal width being twice that of the spermatheca ..........................................  
....................................................................................................Ev. (Ald.) sp. de Baduel
Common spermathecal duct narrow, its basal width is clearly smaller than that of the 
genital chamber as also that of the spermatheca .................................  Ev. (Ald.) bacula

11(7) Bases of the individual spermathecal ducts narrower than the width of the  
spermatheca  ................................................................................................................ 12
Bases of the individual spermathecal ducts wider than the width of the spermatheca ....13

12(11) Individual spermathecal ducts at least four times longer than the common spermathecal 
duct .................................................................................................... Ev. (Ald.) evandroi
Individual spermathecal ducts up to three times longer than the common spermathecal 
duct ..........................................................................................................Ev. (Ald.) orcyi

13(11) Base of the common spermathecal duct occupying half the genital chamber’s  
width ................................................................................................... Ev. (Ald.) sericea
Base of the common spermathecal duct wide, occupying practically all the genital 
chamber’s width .............................................................................. Ev. (Ald.) andersoni
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(Evandromyia)
Infraspinosa Series

MALES
1 Paramere simple ............................................................................................................ 2

Paramere bearing two or three lobes in its apical region .............................................. 4
2(1) Apex of the epandrial lobe with two spatulate setae .............................. E. (Eva.) sipani

Apex of the epandrial lobe with three or four spatulate setae ....................................... 3
3(2) Apex of the epandrial lobe with three spatulate setae; paramere tapering towards apex 

Ev. (Eva.) bourrouli
Apex of the epandrial lobe with four spatulate setae; paramere with abrupt narrowing 
in the apical quarter of the ventral margin ..........................................Ev. (Eva.) pinottii

4(1) Paramere trilobed in its apical region ............................................... Ev. (Eva.) begonae
Paramere bilobed in its apical region ............................................................................ 5

5(4) Gonocoxite with a tuft of ca. four setae; apex of the lateral lobe with two spatulate  
setae ............................................................................................E. (Eva.). brachyphalla
Gonocoxite with a tuft of more than ten setae; apex of the lateral lobe with, generally, 
three spatulate setae ...................................................................................................... 6

6(5) Paramere with the ventral lobe more intensely sclerotized ........................................... 7
Paramere with the two lobes equally sclerotized (Fig. 170) ......................................... 8

7(6) Aedeagal ducts heavily striated and sclerotized as far as their pre-apical region;  
from this area to their apex they taper but are not sclerotized or striated .......................  
................................................................................................................ Ev. (Eva.) inpai
Aedeagal ducts practically uniform throughout their length, but with slight  
apical expansion, slightly sclerotized and with fine striation in their apical  
half ........................................................................................... Ev. (Eva.) tarapacaensis

8(6) Paramere with the lower branch without protuberance on its ventral margin .............. 9
Paramere with the lower branch with a protuberance on its ventral  
margin ................................................................................................. Ev. (Eva.) georgii

9(8) Paramere with a slight curve just before the ramification so that its width in this  
area is about ½ that of its base; length of the lower branch ca. 0.75 that of the upper 
branch  ............................................................................................Ev. (Eva.) ledezmaae
Paramere with an accentuated curve on its dorsal magin before the  
ramification, so that its width in this area is less than one-third of the width of its  
base; length of the lower branch about 0.65 of the length of the upper branch  
(Fig. 170) .....................................................................................Ev. (Eva.) infraspinosa

FEMALES
1 Mesonotum and thoracic pleura brown; spermathecae, individual and common 

spermathecal ducts completely striated; spermathecae with a small apical  
ring ......................................................................................................Ev. (Eva.) pinottii

E. (Eva.) bourrouli
Mesonotum light brown or pale; thoracic pleura straw; at least the individual 
spermathecal duct not striated, spermathecae without apical ring ................................ 2

2(1) Spermathecae ca. twice as long as their width, with clear striation in their central part 
and with the terminal knob inserted in a funnel-shaped invagination; individual ducts 
practically absent .....................................................................................E. (Eva.) inpai
Spermathecae at least 3 × as long as their width and without the set of other 
characteristics described above ..................................................................................... 3
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3(2) Spermathecae completely ringed ...............................................Ev (Eva.) brachyphalla
Spermathecae completely smooth or partially ringed or striated .................................. 4

4(3) Flagellomere I longer than the labrum-epipharynx; individual and common ducts of the 
spermathecae smooth-walled ..................................................  Ev. (Eva.) tarapacaensis
Flagellomere I shorter than the labrum-epipharynx; spermathecae totally or partially 
striated ........................................................................................................................... 5

5(4) Spermathecae striated in their apical 2/3; common duct smooth (Fig. 82) ....................  
.................................................................................................... Ev. (Eva.) infraspinosa
Spermathecae striated in their central region and apical region smooth; common duct 
striated ........................................................................................................................... 6

6(5) Labrum-epipharynx ca. 290  μm; 5th palpal segment 2.5 × longer than the  
4th .................................................................................................... Ev. (Eva.) begonae
Labrum-epipharynx ca. 240  μm; 5th palpal segment 3.0 × longer than the  
4th ....................................................................................................... Ev. (Eva.) georgii
The female of Ev. (Eva.) ledezmaae has not yet been described.

Saulensis Series
MALES
1 Paramere with the two protuberances of the ventral margin located very close  

to its middle; dorsal margin bearing a dense covering of hairs in its apical  
area ......................................................................................................Ev. (Eva.) wilsoni
Paramere with one of the protuberances of the ventral margin located in the pre-apical 
area; dorsal margin with sparse covering of setae in its apical region ............................  
..........................................................................................................Ev. (Eva.) saulensis

FEMALES
Spermathecae with the widest smooth apical part ca. 1/2 of that with bubble-like 
evaginations.........................................................................................Ev. (Eva.) wilsoni
Spermatheca with the widest smooth apical part ca. 1/3 of that with bubble-like 
evaginations (Fig. 80)......................................................................................................  
..........................................................................................................Ev. (Eva.) saulensis

Rupicola Series
MALES
1 Gonostyle with the inner spine a little thinner than the external ones; paramere with the 

apex of the apical appendix turned towards the base of the genitalia; this appendix is 
covered with setae shorter than itself .......................................... Ev. (Eva.) correalimai
Gonostyle with the inner spine seta-like; paramere with the apex of the apical appendix 
turned towards the gonocoxites; this appendix is covered with setae longer than  
itself ............................................................................................................................... 2

2(1) Parameral sheath with tubercle on the basal region of dorsal margin.............................  
......................................................................................................... Ev. (Eva.) tylophala
Parameral sheath without the above tubercle ................................................................ 3

3(2) Aedeagal ducts ca. 370 μm long .......................................................Ev. (Eva.) rupicola
Aedeagal ducts ca. 500 μm long ..................................................... Ev. (Eva.) grimaldii

FEMALES
1 Clypeus clearly longer than the eyes............................................................................. 2

Clypeus as long as or shorter than the eyes .................................................................. 3
2(1) Spermatheca as wide as the terminal knob .........................................Ev. (Eva.) gaucha

Spermatheca clearly wider than the terminal knob (Fig. 79) ..........................................  
..................................................................................................... Ev. (Eva.) correalimai
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3(1) Spermatheca with the width of its apical half ca. one-third that of the basal  
half .................................................................................................. Ev. (Eva.) grimaldii
Spermatheca of uniform width throughout or slightly wider in its median part ........... 4

4(3) Labrum-epipharynx ca. 260 μm; spermatheca completely ringed, its width less than 
twice that of the individual spermathecal duct .................................  Ev. (Eva.) rupicola
Labrum-epipharynx >300 μm; spermatheca ringed in its basal half and superficially 
striated in the apical half, its width greater than that of the individual spermathecal  
duct  ................................................................................................Ev. (Eva.) tylophalla

(Barrettomyia)
Monstruosa Series

MALES
1 Parameral sheath with the ventral branch shorter than the dorsal one ............................  

.........................................................................................................  Ev. (Bar.) teratodes
Parameral sheath with the ventral branch at least twice as long as the dorsal  
one ...............................................................................................  Ev. (Bar.) monstruosa

FEMALES
1 Individual spermathecal duct clearly narrower than the spermatheca, both of similar 

length (Fig. 84) ............................................................................  Ev. (Bar.) monstruosa
Individual spermathecal duct slightly narrower than the spermatheca and ca. 1/3 as 
long as the spermatheca ..................................................................  Ev. (Bar.) teratodes

Cortelezzii Series
MALES
1 Clypeus longer than the eyes ........................................................................................ 2

Clypeus as long as or shorter than the eyes .................................................................. 3
2(1) Gonocoxite with basal tuft of four small setae implanted in its upper part and six long 

setae in its lower part ..............................................................  Ev. (Bar.) corumbaensis
Gonocoxite with a tuft two small setae implanted in its upper part and four long setae 
in its lower part ................................................................................ Ev. (Bar.) spelunca

3(2) Paramere thick, with straight dorsal margin as far as the apical region, where it 
resembles a hood; gonocoxite with the basal tuft of four long setae ..............................  
.............................................................................................................  Ev. (Bar.) sallesi
Paramere with a concavity on its dorsal margin and without the hood-shaped apical 
structure; gonocoxite with the basal tuft of five long setae............ Ev. (Bar.) cortelezzii

FEMALES
1 Clypeus ca. 0.66 × as long as the head, excluding the clypeus; individual sperm ducts 

ca. twice as long as the height of the stem of the genital furca  ......................................  
.................................................................................................. Ev. (Bar.) corumbaensis

Ev. (Bar.) spelunca
Clypeus ca. 0.60 × or less the length of the head, excluding the clypeus;  
individual sperm ducts a little longer than the height of the stem of the genital  
furca  .............................................................................................. Ev. (Bar.) cortelezzii

Ev. (Bar.) sallesi
Tupynambai Series

MALES
1 Gonocoxite with the basal tuft of 2–3 small setae on its upper part and 3 long setae on 

the lower part .............................................................................. Ev. (Bar.) tupynambai
Gonocoxite with the basal tuft of five or more long setae ............................................ 2

2(1) Gonostyle with five or six thick spines, apex of the aedeagal ducts simple ...................  
......................................................................................................... Ev. (Bar.) bahiensis
Gonostyle with four thick spines; apex of the aedeagal ducts enlarged ....................... 3
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3(2) Gonocoxite with a basal tuft of more than ten long setae ................Ev. (Bar.) callipyga
Gonocoxite with a basal tuft of five or six setae ........................................................... 4

4(3) Paramere with one spine implanted in a small tubercle in the basal region of its dorsal 
margin; gonocoxite with a tuft of five setae ..................................  Ev. (Bar.) costalimai
Paramere with one spine implanted directly in the basal region of the dorsal margin; 
gonocoxite with a tuft of six setae ...........................................  Ev. (Bar.) petropolitana

FEMALES: indistinguishable
PSYCHODOPYGINA

Psathyromyia
(Forattiniella)

MALES
1 Aedeagal ducts ≥7 times the length of the sperm pump ............................................... 2

Aedeagal ducts ≤6 times the length of the sperm pump ............................................... 3
2(1) Aedeagal ducts ≥10 times the length of the sperm pump .............Pa. (For.) brasiliensis

Aedeagal ducts ca. seven times the length of the sperm pump .....Pa. (For.) abunaensis
3(1) Gonostyle with the internal spine implanted at the beginning of its apical  

quarter .............................................................................................Pa. (For.) carpenteri
Gonostyle with the internal spine implanted near its middle ........................................ 4

4(3) Aedeagal ducts sinuous in their pre-apical region (Fig. 113) ....................................... 5
Aedeagal ducts straight ................................................................................................. 8

5(4) Paramere with semifoliaceous setae implanted just beyond the middle of the ventral 
margin ............................................................................................. Pa. (For.) antezanai
Paramere with spiniform setae implanted just beyond the middle of the ventral  
margin ........................................................................................................................... 6

6(5) Parameral sheath rectangular almost to the apex, which tapers abruptly at the expanse 
of the dorsal margin, finishing in a fine point .................................... Pa. (For.) aragaoi
Parameral sheath conical ............................................................................................... 7

7(6) Gonocoxite bearing in its median region a dense cluster of 60–90 setae .......................  
...................................................................................................... Pa. (For.) naftalekatzi
Gonocoxite without dense cluster of setae ...................................... Pa. (For.) coutinhoi

8(4) Aedeagal ducts without lozenge-shaped dilation in their apical or pre-apical region.....9
Aedeagal ducts with lozenge-shaped dilation in their apical or pre-apical region 
(Fig. 106) ..................................................................................................................... 13

9(8) Gonostyle with the lower external spine implanted at a more basal level than  
the internal one. Gonocoxite with a median cluster of ca. 35 sparsely distributed  
setae ...................................................................................................... Pa. (For.) texana
Gonostyle with the lower external spine implanted at the same level as or more apical 
than the internal one. Gonocoxite without cluster of setae or at the most ca. ten short, 
sparse setae .................................................................................................................. 10

10(9) Parameral sheath long, its apex reaching the apical quarter of the paramere ....................  
............................................................................................................ Pa. (For.) pascalei
Parameral sheath short, its apex extending slightly beyond the middle of the  
paramere ...................................................................................................................... 11

11(10) Aedeagal ducts/ sperm pump ratio ca. 1.5:1.0 and width of the apex of aedeagal duct 
ca. 8 μm ...............................................................................Pa. (For.) campograndensis
Aedeagal ducts/ sperm pump ratio ≥ 1.9:1.0 and width of the apex of aedeagal duct 
≤4.7 μm ....................................................................................................................... 12
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12(11) Aedeagal ducts/ sperm pump ratio ca. 1.9:1.0 and width of the apex of aedeagal ducts 
≥3.6 μm .............................................................................................. Pa. (For.) lutziana

Aedeagal ducts/ sperm pump ratio ca. 2.3:1.0 and width of the apex of aedeagal duct 
ca. 2.6 μm ........................................................................... Pa. (For.) elizabethdorvalae

13(8) Aedeagal ducts with a lozenge-shaped dilation preceding its apex, then  
tapering; the length of the posterior filiform part is ca. twice that of the losange-shaped 
part ........................................................................................................Pa. (For.) inflata
Aedeagal ducts with apical lozenge or spear-shaped dilation (Fig. 106) .................... 14

14(13) Epandrial lobe much longer than the gonocoxite, its apex reaching the level  
of the implantation of the internal spine of the gonostyle. Paramere tapers from base  
to apex ......................................................................................................................... 17
Epandrial lobe as long as or slightly longer than the gonocoxite, its apex does not reach 
the level of the implantation of the internal spine of the gonostyle. Paramere with a 
narrowing at the beginning of the apical third of the ventral margin, where the setae are 
implanted, but then it widens slightly and narrows again towards the apex ............... 15

15(14) Apex of the aedeagal ducts with lozenge-shaped dilation (Fig. 106) ......................... 16
Apex of the aedeagal ducts spear-shaped with a long fine tip. Aedeagal ducts ca. five 
times longer than the sperm pump ..................................................... Pa. (For.) castilloi

16(15) Aedeagal ducts ca. 3 × longer than the sperm pump; width of apical dilation of the 
aedeagal ducts ca. 3 × that of the anterior filiform part ...................  Pa. (For.) runoides
Aedeagal ducts 3.7–5.2 × longer than the sperm pump; width of apical dilation of the 
aedeagal ducts ca. twice that of the anterior filiform part ... Pa. (For.) pradobarrientosi

17(14) Gonocoxite with ca. 20 setae in its apical region. Epandrial lobe >550 μm ...................  
......................................................................................... Pa. (For.) barrettoi majuscula
Gonocoxite with <10 setae in its apical region. Epandrial lobe <500 μm ......................  
........................................................................................... Pa. (For.) barrettoi barrettoi

FEMALES
1 Cibarium with two pairs of posterior (horizontal) teeth (Fig. 20-H) ............................ 2

Cibarium with more numerous posterior (horizontal) teeth (Fig. 20-I) ........................ 5
2(1) Spermathecae tubular, individual spermathecal ducts ca. 20 times longer than the 

spermathecae ................................................................................ Pa. (For.) brasiliensis
Spermathecae globose, short individual spermathecal ducts whose apices do not reach 
the apex of the stem of the genital furca ....................................................................... 3

3(2) Width of the spermathecae ca. four × that of the individual spermathecal ducts at the 
beginning of their sclerotized part ......................................Pa. (For.) campograndensis
Width of the spermathecae ca. 2.5 × or less that of the individual spermathecal ducts at 
the beginning of their sclerotized part........................................................................... 4

4(3) Walls of the individual spermathecal ducts sclerotized almost throughout the ducts’ 
lengths ................................................................................ Pa. (For.) elizabethdorvalae
Walls of the individual spermathecal ducts only sclerotized at the ducts’ apical  
third ....................................................................................................Pa. (For.) lutziana

5(1) Spermathecae tubular .................................................................................................... 6
Spermathecae vesiculous (Fig. 50) ............................................................................... 7

6(5) Cibarium with the anterior (vertical) teeth arranged in several irregular rows; individual 
spermathecal duct tapering towards the spermatheca, so that at the junction with this 
latter its width is ca. ½ of that of its base .....................................  Pa. (For.) abunaensis
Cibarium with the anterior (vertical) teeth arranged in a single transversal row; individual 
spermathecal ducts practically the same width throughout ...................  Pa. (For.) inflata

Pa. (For.) runoides
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7(5) Spermathecae globose ................................................................................................... 8
Spermathecae ovoid .................................................................................................... 14

8(7) Terminal knob detached from the wall of the spermatheca .............. Pa. (For.) pascalei
Terminal knob sessile (Fig. 50) ..................................................................................... 9

9(8) Individual spermathecal ducts striated ..........................................  Pa. (For.) carpenteri
Individual spermathecal ducts smooth ........................................................................ 10

10(9) Stem of the genital furca with a great apical expansion ................  Pa. (For.) antezanai
Stem of the genital furca with slight pre-apical expansion ......................................... 11

11(10) 4th palpal segment without Newstead’s sensilla .................................  Pa. (For.) texana
4th palpal segment with Newstead’s sensilla .............................................................. 12

12(11) Presence of a pair of ascoids on the last three flagellomeres ......  Pa. (For.) naftalekatzi
Absence of ascoids on the last three flagellomeres ..................................................... 13

13(12) Flagellomere I (FI) ca. 320 μm; labrum-epipharynx (LE) ca. 200μm; FI/LE ratio ca. 
1.60:1.00 ............................................................................................ Pa. (For.) aragaoi
Flagellomere I (FI) ca. 210 μm; labrum-epipharynx (LE) ca. μm; 180; FI/LE ratio ca. 
1.15:1.00 ......................................................................................... Pa. (For.) coutinhoi

14(7) Cibarium with 5–6 pairs of posterior (horizontal) teeth; individual spermathecal ducts 
not dilated at the junction of the spermathecae ..................Pa. (For.) barrettoi barrettoi
Cibarium with 7–8 pairs of posterior (horizontal) teeth; individual spermathecal ducts 
dilated at the junction with the spermathecae ................. Pa. (For.) barrettoi majuscula

(Xiphopsathyromyia)
MALES
1 Paramere without branch on the dorsal margin, median region of the gonocoxite  

with some sclerotized setae at their bases and flexible, dilated and curved  
apices ...............................................................................................Pa. (Xip.) aclydifera
Paramere with branch on the dorsal margin; median region of the gonocoxite without 
modified setae ............................................................................................................... 2

2(1) Paramere with the branch on the dorsal margin covered with setae ............................. 3
Paramere with the dorsal branch without setae ................................Pa. (Xip.) ruparupa

3(2) Paramere: branch on the dorsal margin thin, with narrow apex presenting a small hairy 
expansion at its base .....................................................................Pa. (Xip.) hermanlenti
Paramere: branch on the dorsal margin with an apex more dilated than its base, with no 
hairy expansion .............................................................................. Pa. (Xip.) dreisbachi

FEMALES
1 Labrum-epipharynx ca. 350 μm, > the eye’s length ...................... Pa. (Xip.) aclydifera

Labrum-epipharynx ca. 250 μm, ≤ the eye’s length ...................... Pa. (Xip.) dreisbachi
Pa. (Xip.) hermanlenti

Pa. (Xip.) ruparupa
(Psathyromyia)

Lanei Series
MALES
1 Paramere finger-shaped in its distal third, dorsal margin bearing ca. 20 semifoliaceous 

setae, their apices turned in a posterior direction and, more internally, densely covered 
by ca. 25 spiniform setae, short and turned towards the ventral margin .........................  
............................................................................................................. Pa. (Psa.) pelloni
Paramere tending to rectangular or triangular shape in its distal third, dorsal margin 
bearing thin sparse setae and, more internally 15 or fewer spiniform short setae...........2
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2(1) Paramere with shape tending to rectangular, but with the apex of the dorsal margin 
rounded, where ca. 10 setae of slightly curved apex are inserted, these being turned 
towards the base of the genitalia, with the distal setae longer than the median ones; on 
the dorsal margin a small lobe with straight very short setae; the middle area being 
covered by a few sparse spiniform setae ...........................................  Pa. (Psa.) digitata
Paramere with shape tending to triangular, the setae covering the dorsal margin having 
straight apices; on the ventral margin a small lobe, with setae of curved apex turned 
towards the base of the genitalia and pointing to the middle of the paramere; the central 
area being covered by 15 or fewer spiniform setae (Fig. 172) ................Pa. (Psa.) lanei

FEMALES of Pa. lanei and Pa. pelloni indistinguishable; Pa. digitata has not yet been described.
Shannoni Series

MALES
1 Paramere with a hairy appendage on the basal region of the dorsal margin ................. 2

Paramere different from the above ................................................................................ 3
2(1) Gonostyle with the external lower spine and the inner spine located on the basal third; 

appendage of the paramere bearing ca. 20 setae .............................Pa. (Psa.) campbelli
Gonostyle with the external lower and the inner spines located a little before its middle; 
appendage of paramere bearing ca. ten setae ..................................Pa. (Psa.) dasymera

3(1) Posterior prolongation of ascoids long, on flagellomere II, their apices coming close to 
or going beyond the base of this segment ..................................................................... 4
Posterior prolongation of ascoids short, on flagellomere II, their apices being closer to 
the point of their insertion ........................................................................................... 18

4(3) Paramere with protuberance on the pre-apical region of the ventral margin ..................... 
............................................................................................................ Pa. (Psa.) soccula
Paramere without protuberance on the pre-apical region of the ventral margin ........... 5

5(4) Paramere with sinuous setae on the apical region of its dorsal margin ..........................  
.........................................................................................................  Pa. (Psa.) undulata
Paramere without sinuous setae on the apical region of its dorsal margin ................... 6

6(5) Apex of the aedeagal duct dilated as a spoon (Fig. 108-B) ............... Pa. (Psa.) barretti
Apex of the aedeagal not dilated ................................................................................... 7

7(6) Gonostyle with the external lower spine and the internal spine located on its basal  
third ............................................................................................................................... 8
Gonostyle with the external lower spine and the internal spine located on or beyond its 
middle ........................................................................................................................... 9

8(7) Paramere: region covered with setae ca. 1.5 × longer than wide, the apical area of the 
ventral margin having ca. 6 sclerotized striations directed towards the middle of the 
paramere ..............................................................................................Pa. (Psa.) cratifer
Paramere: region covered with setae ca. 3.0 × longer than wide, the apical area of the 
ventral margin having no sclerotized striations .................................... Pa. (Psa.) lerayi

9(7) Paramere with the apical half digitiform (Fig. 166).................................................... 10
Paramere with the apical half of almost triangular shape (Fig. 172) .......................... 16

10(9) Paramere with a set of spiniform, long setae situated between the dorsal and ventral 
margins, at the beginning of the digitiform part, and another set of setae on the apical 
region of the ventral margin ........................................................  Pa. (Psa.) volcanensis
Paramere without the above sets of setae .................................................................... 11

11(10) Paramere: basal region ca. 5 × wider than the digitiform region ....................................  
..................................................................................................  Pa. (Psa.)  souzacastroi
Paramere: basal region ≤3 × wider than the digitiform region ................................... 12
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12(11) Pronotum and paratergite clearer than the mesonotum brown ...................................13
Pronotum, paratergite and mesonotum brown ...........................................................14

13(12) Epandrial lobes almost as long as the gonocoxites. Paramere with the setae of the 
dorsal margin extending from its apex to the same level as or beyond the apical setae of 
the set on the ventral margin ............................................................Pa. (Psa.) shannoni
Epandrial lobes shorter than the gonocoxites. Paramere with the setae of the dorsal 
margin extending from its apex to its middle, not reaching the apical level of the setae 
of the set on the ventral margin ...........................................................Pa. (Psa.) baratai

14(12) Paramere with the setae of the dorsal margin restricted to its apical third .....................  
.......................................................................................................  Pa. (Psa.) abonnenci
Paramere with the setae of the dorsal margin covering the apical half ....................... 15

15(14) Thorax with whitish pleura and coxae, clearly contrasting with the brown mesonotum 
and paratergites ........................................................................................ Pa. ribeirensis
Thorax with light brown upper anepisternum and posterior coxae ................................  
.................................................................................................... Pa. (Psa.) bigeniculata

16(9) Thorax with whitish pleura and coxae, clearly contrasting with the brown mesonotum 
and paratergites ...................................................................................... Pa. (Psa.) limai
Thorax with the pleura light brown, anepisternum and katepisternum darker brown 17

17(16) Paramere with spiniform setae uniformly distributed throughout the apical  
half ......................................................................................................... Pa. (Psa.) scaffi
Paramere with semifoliaceous setae in the apical area of the dorsal margin having a 
glabrous area between the most apical and pre-apical sets, spiniform setae in a more 
internal, median position ...........................................................  Pa. (Psa.) dendrophyla

18(3) Posterior spur of ascoids with pointed apices; paramere digitiform with short setae 
located on the distal third of the dorsal margin; gonostyle with the external lower spine 
located more apically than the internal spine .......................... Pa. (Psa.) guatemalensis
Posterior spur of ascoids of rhomboid apex; paramere triangular with straight setae on 
the dorsal margin; gonostyle with the external lower spine located at the same level as 
the internal spine ................................................................. Pa. (Psa.) punctigeniculata

FEMALES
1 Common spermathecal duct does not reach the middle of the stem of the genital furca; 

individual spermathecal ducts striated .......................................................................... 2
Common spermathecal duct reaches or goes beyond the middle of the stem of the 
genital furca; individual spermathecal ducts smooth .................................................... 3

2(1) Cibarium with 4–5 pairs of posterior (horizontal) teeth and the anterior (vertical) teeth 
arranged in 6–7 rows in the more central part ...............................  Pa. (Psa.) dasymera
Cibarium with three pairs of posterior (horizontal) teeth and the anterior (vertical) teeth 
arranged in three transversal rows, in the more central part ...........Pa. (Psa.) campbelli

3(1) Spermathecae ringed ..................................................................................................... 4
Spermathecae banana-shaped (Fig. 51) ........................................................................ 6

4(3) Cibarium with two pairs of posterior (horizontal) teeth ............................................... 5
Cibarium with three or more pairs of posterior (horizontal) teeth ....................................  
..........................................................................................................  Pa. (Psa.) undulata

Pa. (Psa.) cratifer
5(4) Posterior spur of the ascoids rudimentary ............................... Pa. (Psa.) guatemalensis

Posterior spur of the ascoids long, its apex almost reaching the base of the 2nd 
flagellomere (Fig. 15) ..................................................................  Pa. (Psa.) volcanensis

6(3) Cibarium with two pairs of posterior (horizontal) teeth ............................................... 7
Cibarium with more than two pairs of posterior (horizontal) teeth ................................  
............................................................................................. Pa. (Psa.) punctigeniculata
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7(6) Thorax with paratergite, anepisternum and katepisternum totally brown..................... 8
Thorax with paratergite partially brown, the region below the pre-sutural setae straw; 
the pleura totally straw or may present light pigmentation on the anepisternum and the 
katepisternum ................................................................................................................ 9

8(7) Thorax with dark brown anepimeron ....................................................  Pa. (Psa.) scaffi
Thorax with straw anepimeron .................................................  Pa. (Psa.) dendrophyla

9(7) Individual spermathecal ducts as wide as the spermatheca; terminal knob’s length 
equal to the spermatheca’s width ......................................................  Pa. (Psa.) barretti
Individual spermathecal ducts narrower than the spermatheca; terminal knob’s length 
perceptibly shorter than the spermatheca’s width ....................................................... 10

10(9) Thorax with whitish pleura and coxae (Fig. 182 A,B) ................................................ 11
Thorax: upper anepisternum brown and coxae straw or light brown .......................... 12

11(10) Pronotum and paratergite brown .............................................................Pa. (Pas.) limai
Pa. (Psa.) ribeirensis

Pronotum straw and paratergite off-white ...........................................Pa. (Psa.) baratai
12(10) Thorax: pronotum and paratergite clearer than the mesonotum; anterior coxa light 

brown throughout its length (Fig. 182 C) ........................................Pa. (Psa.) shannoni
Thorax: pronotum, paratergite and mesonotum brown; anterior coxa straw or brown 
only at its apex ............................................................................................................ 13

13(12) Thorax: metanotum light brown (Fig. 182 D)................................Pa. (Psa.) abonnenci
Thorax: metanotum straw (Fig. 182 E) .......................................Pa. (Psa.) bigeniculata

Incertae sedis
Psathyromyia maya
Female: ascoids with rudimentary spur; palpal formula 1.4.2.(5.3); cibarium with two pairs of 
posterior (horizontal) teeth. Ventro-cervical sensilla absent. Thorax dusky throughout. Common 
and individual spermathecal ducts striated; the length of the common spermathecal duct is ½ that 
of the individual spermathecal ducts, both together being as long as the height of the stem of the 
genital furca; spermatheca as long as the common spermathecal duct, striated, widens from the 
base to the apex, with a constriction in its middle; the terminal knob is longer than wide and 
presents a small digitiform projection. Male: as yet undescribed.

Viannamyia
MALES
1 Gonostyle with two external spines located on the same tubercle; paramere with curved 

apex turned towards the lateral lobe.............................................................................. 2
Gonostyle with two external spines not located on the same tubercle; paramere with 
straight apex .................................................................................................................. 3

2(1) Paramere with one well developed spine at its apex, 2–3 thick setae, sclerotized, with 
enlarged multi-brunched apices on the pre-apical region of the dorsal margin ....Vi. furcata
Paramere without the spine on its apex, the setae on the pre-apical region of the dorsal 
margin simple .................................................................................................Vi. caprina

3(1) Paramere conical, bearing 2–3 setae of enlarged, hairy apices on the pre-apical region 
of the dorsal margin (Fig. 173) ................................................................Vi. tuberculata
Paramere with digitiform apex; the setae on the pre-apical region of the dorsal margin 
simple, one apical seta with hooked apex ........................................................Vi. fariasi

FEMALES
1 Spermatheca enclosed in a sclerotized chalice-shaped sheath (Fig. 49) .......Vi. tuberculata

Spermatheca enclosed in a sclerotized stem-shaped sheath ..........................Vi. caprina
Vi. furcata
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Martinsmyia
MALES
1 Gonocoxite bearing a tuft of setae located on a tubercle in its central-basal region.......

Grupo Gasparviannai .................................................................................................... 2
Gonocoxite without the above tuft of setae...................Grupo Alphabetica ................. 3

2(1) Apex of the aedeagal ducts straight ...........................................................Mt. cipoensis
Apex of the aedeagal ducts lightly curved (Fig. 101) ........................Mt. gasparviannai

3(1) Gonostyle with five, rarely six spines (Fig. 137) ...................................Mt. alphabetica
Gonostyle with four spines ........................................................................................... 4

4(3) Ratio: aedeagal ducts/sperm pump = 2.0:1.0 ................................................................ 5
Ratio: aedeagal ducts/sperm pump ≥2.5:1.0 ................................................................ 6

5(4) 5th palpal segment slightly longer than the 3rd; apex of the aedeagal ducts present row 
of small teeth ................................................................................................ Mt. brisolai
5th palpal segment clearly longer than the 3rd; apex of the aedeagal ducts without  
teeth ...............................................................................................................Mt. waltoni

6(5) Paramere straight........................................................................................................... 8
Paramere with the apical region curved towards the gonocoxite .................................. 7

7(6) Gonostyle with the external lower spine located in its middle, the inner spine located 
before this latter .......................................................................................... Mt. oliveirai
Gonostyle with the external lower spine located in its apical third, the inner spine, 
located beyond its middle ........................................................................Mt. mollinedoi

8(6) Epandrial lobe ≤ gonocoxite ......................................................................................... 9
Epandrial lobe > gonocoxite ....................................................................................... 10

9(8) Gonocoxite with a seta in its submedian region; flagellomere I clearly longer than the 
head including the clypeus .......................................................................... Mt. pisuquia
Gonocoxite without setae; flagellomere I shorter than the head including the  
clypeus  ................................................................................................... Mt. minasensis

10(8) Flagellomere I/labro-epipharynx ratio < 1.2: 1.0 ..........................................Mt. reginae
Flagellomere I/labro-epipharynx ratio = 1.5: 1.0 ..............................  Mt. quadrispinosa

FEMALES
1 Common spermathecal duct longer than the individual spermathecal ducts  

(Fig. 58). Gasparviannai group ..................................................................................... 2
Common spermathecal duct shorter than the individual spermathecal ducts 
(Fig. 55). Alphabetica group ........................................................................................ 3

2(1) Cibarium with one pair of posterior (horizontal) teeth; individual spermathecal ducts 
smooth, the spermatheca with ca. eight rings (Fig. 58) .....................Mt. gasparviannai
Cibarium with two pairs of posterior (horizontal) teeth; individual spermathecal ducts 
striated, the spermatheca with 12–13 rings ................................................Mt. cipoensis

3(1) Spermatheca with 4–5 rings, the central rings of clearly smaller diameter than the basal 
and apical ones (Fig. 55) ........................................................................Mt. alphabetica
Spermatheca with six or more rings of subequal diameter ........................................... 4

4(3) Cibarium with four pairs of posterior (horizontal) teeth ...............................Mt. waltoni
Cibarium with one or two pairs of posterior (horizontal) teeth .................................... 5

5(4) Cibarium with one pair of posterior (horizontal) teeth; flagellomere I as long as the 
head’s length, including the clypeus ........................................................... Mt. pisuquia
Cibarium with two pairs of posterior (horizontal) teeth, which may or not be united  
at their bases; flagellomere I clearly shorter than the head’s length, including the 
clypeus .......................................................................................................................... 6
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6(5) Cibarium with the posterior (horizontal) teeth united at their bases, in such a way that, 
sometimes, only one of their apices may be observed .................................................. 7
Cibarium with individualized posterior teeth................................................................ 8

7(6) Individual spermathecal ducts: the widest part ca. five times the narrowest  
part  ............................................................................................................. Mt. oliveirai
Individual spermathecal ducts: the widest part 2.5–3.0 times the narrowest  
part  ......................................................................................................... Mt. minasensis

8(6) Cibarium with the sclerotized arch approximately rectangular ................... Mt. brisolai
Cibarium with the sclerotized arch rounded ................................................................. 9

9(8) Common and individual spermathecal ducts smooth; individual spermathecal ducts 
with the basal width twice that of the apical one (at the junction with the spermathecae)
.......................................................................................................................Mt. reginae
Common and individual spermathecal ducts striated; individual spermathecal ducts 
with the basal width ca. 5 × that of the apical one (at the junction with the spermathecae)
..................................................................................................................Mt. mollinedoi

Bichromomyia
MALES
1 Scutellum dark .............................................................................................Bi. inornata

Scutellum straw ............................................................................................................. 2
2(1) Ratio: aedeagal ducts/sperm pump ca. 2.0:1.0 .............................................................. 3

Ratio: aedeagal ducts/sperm pump ≥3.0:1.. ................................................................. 4
3(2) Ratio between the lengths: flagellomere I/head <1.0:1.0; epandrial lobe surpasses the 

paramere by ca. 1/5 of the latter’s length ............................................ Bi. flaviscutellata
Ratio between the lengths: flagellomere I/head > than 1.0:1.0; epandrial lobe surpasses 
the paramere by ca. 1/3 of the latter’s length .................................................Bi. reducta

4(2) 5th palpal segment equal to the 3rd; epandrial lobe as long as the  
gonocoxite  .........................................................................................Bi. olmeca olmeca
5th palpal segment shorter than 3rd; epandrial lobe shorter than the gonocoxite......... 5

5(4) Interocular distance ≤1/3 of the eyes’ width ......................................Bi. olmeca nociva
Interocular distance >1/2 of the eyes’ width ......................................Bi. olmeca bicolor

FEMALES
1 Common spermathecal duct wider than the median region of stem of the genital furca 

........................................................................................................................Bi. reducta
Common spermathecal duct narrower than the median region of the stem of the genital 
furca .............................................................................................................................. 2

2(1) Cibarium with 6–8 posterior (horizontal) teeth; one or more metepisternal setae may be 
present; spermatheca: apical ring narrower than the pre-apical one; terminal knob with 
length equivalent to the sum of the three apical rings having its apex evidently curved 
towards the genital furca’s stem .......................................................... Bi. flaviscutellata
Cibarium with eight or more posterior (horizontal) teeth; metepisternal setae absent; 
spermatheca: apical ring as long as or longer than the pre-apical one; terminal knob as 
long as or shorter than the sum of the two apical rings, its apex may or not be curved 
towards the genital furca’s stem .................................................................................... 3

3(2) Apical region of the common spermathecal duct and the individual spermathecal ducts 
lightly striated, these latter one-third as long as the spermatheca; terminal knob clearly 
curved towards the genital furca’s stem .............................................Bi. olmeca bicolor
Common and individual spermathecal ducts smooth, the latter as long as the 
spermatheca, the terminal knob being slightly curved towards the genital furca’s  
stem  .............................................................................................................................. 4
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4(3) Interocular distance smaller than half the clypeus’ width; flagellomere/labrum-
epipharynx ca. 1.1:1.0 .........................................................................Bi. olmeca nociva
Interocular distance equivalent to the clypeus’ width; flagellomere/labrum-epipharynx 
ca. 1.4:1.0 ...........................................................................................Bi. olmeca olmeca

Psychodopygus
MALES
1 Anepimeron (Fig. 21) with setae on its upper region ............................. Chagasi Series

Anepimeron without setae ............................................................................................ 2
2(1) Gonostyle with five well developed spines ...............................................  Davisi Series

Gonostyle with four or fewer spines, developed or not ................................................ 3
3(2) Gonostyle with only two spines ............................................................... Ps. bispinosus

Gonostyle with four spines, developed or some atrophied ........................................... 4
4(3) Gonostyle with the apical spine developed, the other three being atrophied  

(Fig. 134) ............................................................................................Guyanensis Series
Gonostyle with a greater number of developed spines ................................................. 5

5(4) Paramere with hairy lobe on the dorsal margin; gonostyle with the internal spine 
atrophied ............................................................................................Panamensis Series
Paramere simple; gonostyle with the four developed spines, the internal may be thinner 
...................................................................................................................Arthuri Series

Arthuri Series
1 Pronotum and paratergite brown; pleura and coxae straw; epandrial lobe clearly longer 

than the gonocoxite .......................................................................................... Ps. lloydi
Pronotum and paratergite straw; katepisternum, katepimerom and anterior coxae 
brown; epandrial lobe ≤ the gonocoxite ....................................................................... 2

2(1) Paramere with tuft of long and sinuous setae located on the basal third of the dorsal 
margin; gonostyle with the internal spine located on its distal third ..............Ps. matosi
Paramere without tuft located on the basal third of the dorsal margin; gonostyle with 
the internal spine located in its middle ..........................................................Ps. arthuri

Chagasi Series
1 Paramere with branch that originates on the subapical region of the ventral margin ... 2

Paramere without branch on the ventral margin ........................................................... 6
2(1) Dorsal margin of paramere with tuft of long and sinuous setae located at the same level 

as the base of the ventral branch ..................................................................Ps. bernalei
Dorsal margin of paramere without the above tuft, though short and straight setae may 
be present ...................................................................................................................... 3

3(2) Apex of paramere truncated, with semicircular aspect .................................. Ps. fairtigi
Apex of paramere different from the above .................................................................. 4

4(3) Aedeagal ducts ca. 3.5 × longer than the sperm pump ..................... Ps. leonidasdeanei
Aedeagal ducts ca. 2.5 × longer than the sperm pump ................................................. 5

5(4) Ventral branch of paramere cylindrical up to its middle part, where it is enlarged, to 
become narrow again, in such a way that its apex is narrower than its base and presents 
the spiniform setae turned towards the other branch ............................... Ps. complexus
Ventral branch of paramere cylindrical from the base up to its pre-apical region, where 
it is enlarged, becoming triangular shaped, with the apex represented by the longer side 
of the triangle; absence of the above mentioned setae .............................. Ps. wellcomei

6(1) Paramere pipe-shaped and with a dense tuft of setae located at its apex  
(Fig. 181)  ......................................................................................................Ps. chagasi
Paramere different from above ...................................................................................... 7
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7(6) Apical region of the paramere turned towards the gonocoxite, in such a way as to form 
a concavity on the dorsal margin; without setae ........................................................... 8
Dorsal margin of paramere with concavity in its median region and apical third densely 
covered by setae ............................................................................................. Ps. killicki

8(7) Apico-dorsal margin of paramere bearing a small tongue-shaped projection  
turned towards the base of the genitalia and extending to the more concave  
part ..............................................................................................................Ps. douradoi
Apico-dorsal margin of paramere without the above projection .................................. 9

9(8) Pronotum straw; apex of paramere quadrangular with a small and foliaceous seta on the 
subapical area of the dorsal margin................................ Ps. squamiventris maripaensis
Pronotum dark brown; apex of the dorsal margin of paramere rounded, the subapical 
seta not being foliaceous ............................................. Ps. squamiventris squamiventris

Davisi Series
1 Aedeagal ducts 5.0 × longer than the sperm pump; tergites I-III straw or light  

brown  ..............................................................................................................Ps. davisi
Aedeagal ducts 4.5 × longer than the sperm pump; tergites I-III brown ...................... 2

2(1) Pronotum and paratergite brown; ventral branch of paramere ca. 3 × longer than its 
greatest width .............................................................................................  Ps. claustrei
Pronotum and paratergite clear; ventral branch of paramere ca. 5 × longer than its 
greatest width .......................................................................................  Ps. amazonensis

Guyanensis Series
1 Epandrial lobe longer than the gonocoxite; paramere lobed ....................... Ps. lainsoni

Epandrial lobe shorter than the gonocoxite; paramere simple, without lobe ................ 2
2(1) Paramere: dorsal margin immediately preceding the narrowing of paramere with a set 

of setae twice or more as long as the width of the area where they are implanted; 
aedeagal ducts with a slight apical dilation in its ventral margin ................Ps. luisleoni
Paramere: dorsal margin immediately preceding the narrowing of paramere with a set 
of setae shorter or slightly longer than the width of the area where they are implanted; 
aedeagal ducts without apical dilatation in its ventral margin ...................................... 3

3(2) Paramere curved in its median region towards the gonocoxite; apex dilated, its width 
being ca. three times that of its narrowest part ..................................Ps. corossoniensis
Paramere in its apical third curved towards the gonocoxite; apex tapered or slight 
dilated, its maximum width being twice that of its narrowest part ............................... 4

4(3) Paramere bent forming almost a right angle; aedeagal with apical half pigmented 
....................................................................................................................................... 5
Paramere bent at an obtuse angle (nearly 130°), straight apical region; aedeagal ducts 
slightly pigmented ....................................................................................... Ps. dorlinsis

5(4) Gonocoxite: ratio length/width  ≥  3.5:1.0; paramere with the apical region, post-
curvature with uniform width .................................................................Ps. geniculatus
Gonocoxite: ratio length/width  ≤  3.0:1.0; paramere: the apical region with a slight 
narrowing preceding the apex ........................................................... Ps. francoisleponti

Panamensis Series
1 Dorsal margin of paramere bearing thin curved branch ............................................... 2

Dorsal margin of paramere without any branch ............................................................ 3
2(1) Scutum and coxae brown; paramere: dorsal branch bearing 4–5 well developed  

apical setae; ca. seven long setae implanted in a line on the median region of ventral 
margin  ............................................................................................... Ps. llanosmartinsi
Scutum darker brown than the coxae; paramere: dorsal branch of four setae, the most 
developed at the beginning of the distal third, the others smaller and situated between 
this latter and the apex; two well developed setae implanted in a tubercle in the median 
region of ventral margin .............................................................................. Ps. recurvus
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3(1) Dorsal lobe of paramere with the setae turned towards the gonocoxite and arranged in 
two sets on the dorsal margin, the more basal of which having longer setae than the 
apical ...................................................................................................... Ps. panamensis
Dorsal lobe of paramere with the setae turned towards the apex of the genitalia and 
arranged in the apical region ......................................................................................... 4

4(3) Setae of the dorsal lobe of paramere located in an apical line ...................................... 5
Setae of the dorsal lobe of paramere located in several distinct lines ........................... 6

5(4) Dorsal lobe of paramere bearing a seta implanted in a small tubercle in the median 
region of the dorsal margin ................................................... Ps. hirsutus nicaraguensis
Dorsal lobe of paramere without isolated setae in the median region of the dorsal  
face ..................................................................................................Ps. hirsutus hirsutus

6(4) Ventral branch of paramere as long as ca. 0.50 the dorsal lobe (the latter measured from 
the base of paramere) .................................................................................................... 7
Ventral branch of paramere as long as the dorsal one (the latter measured from the base 
of paramere) .................................................................................................................. 8

7(6) Katepisternum and anterior coxa brown; aedeagal ducts/sperm pump ratio   
< 3.2:1.0 ........................................................................................................ Ps. ayrozai
Pleura whitish; aedeagal ducts/ sperm pump ratio ca. 4.1:1.0 ....................... Ps. joliveti

8(6) Scutum straw ................................................................................................................. 9
Scutum brown ............................................................................................................. 12

9(8) Epandrial lobe shorter than the gonocoxite; apex of the aedeagal ducts  
hook-like .....................................................................................................Ps. fairchildi
Epandrial lobe longer than the gonocoxite; apex of the aedeagal ducts simple ......... 10

10(9) Aedeagal ducts ca. 2.8 × longer than the sperm pump ......................  Ps. carrerai thula
Aedeagal ducts ca. 3.0 × longer than the sperm pump ............................................... 11

11(10) Paramere: ventral lobe ca. 8.0 times as long as its apical width; the dorsal lobe 
practically rectangular, its apical-dorsal area forming an acute - almost a right - angle, 
being slightly more dilated than the pre-apical region of the lobe, due to a weak 
convexity in this area; the apical setae of the dorsal lobe are semifoliaceous and  
those of the apico-dorsal angle present the apical third curved towards the ventral  
lobe ................................................................................................  Ps. carrerai carrerai
Paramere: ventral lobe ca. 5.5 times as long as its apical width; the dorsal lobe with its 
apical region clearly rounded, i.e. the apical dorsal area forming an angle >90°; the 
apical setae are spiniform and divergent ................................................  Ps. yasuniensis

12(8) Katepisternum and coxae straw .................................................................................. 13
Katepisternum and coxae brown ................................................................Ps. paraensis

13(12) Paramere with dorsal lobe as wide as the lateral lobes .............................Ps. nocticolus
Paramere with dorsal lobe twice as wide as the lateral lobes .................Ps. yucumensis

FEMALES
1 Anepimeron (Fig. 21) with setae on its upper region .............................  Chagasi series

....................................................................................................................................... 2
Anepimeron without the above setae ............................................................................ 4

2(1) Common spermathecal duct longer than the individual spermathecal ducts ..................  
..........................................................................................................  Ps. leonidasdeanei
Common spermathecal duct shorter than or of equal length to the individual 
spermathecal ducts ........................................................................................................ 3
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3(2) Common spermathecal duct striated; the individual spermathecal ducts unlike fish-
bone pattern ..................................................................................................Ps. bernalei
Common spermathecal duct smooth, the individual spermathecal ducts of fish-bone 
pattern (Fig. 60) ............................................................................................Ps. chagasi

Ps. complexus
Ps. douradoi

Ps. fairtigi
Ps. killicki

Ps. squamiventris maripaensis
Ps. squamiventris squamiventris

Ps. wellcomei
4(1) Individual spermathecal ducts 2 × as long as the spermatheca Guyanensis Series ...... 5

Individual spermathecal ducts <2 × the spermatheca’s length ...................................... 6
5(4) Mesonotum straw ......................................................................................... Ps. lainsoni

Mesonotum brown .............................................................................Ps. corossoniensis
Ps. geniculatus
Ps. guyanensis

Ps. francoisleponti
Ps. sp. de Trés Esquinas

6(4) Individual spermathecal ducts forming an angle ≥180° at their junction (Fig. 65) ...... 7
Individual spermathecal ducts forming an angle <180° at their junction  
(Figs. 61, 62, 63 and 64) ............................................................................................... 8

7(6) Thoracic pleura straw............... Panamensis Series ..................................Ps. nocticolus
Thoracic pleura brown.............. Panamensis Series ...................................Ps. paraensis

8(6) Cibarium: three or four pairs of posterior (horizontal) teeth, the more external ones not 
inclined to the midline .................................................................................................. 9
Cibarium: two pairs of posterior (horizontal) teeth; if three pairs, they are inclined to 
the midline .................................................................................................................. 10

9(8) Pronotum and paratergite brown; pleura and coxae totally straw ..............................   
Arthuri Series .................................................................................................. Ps. lloydi
Pronotum and paratergite straw; katepisternum, katepimeron and fore coxae brown ....  
Arthuri Series .................................................................................................Ps. arthuri

10(8) Individual spermathecal ducts as long as or longer than the spermatheca .................. 11
Individual spermathecal ducts shorter than the spermatheca ...................................... 12

11(10) Junction of the individual spermathecal ducts forming an acute angle (90°);  
apex of the common spermathecal duct perceptibly wrinkled ........................................  
Panamensis Series  ...................................................................................... Ps. recurvus
Junction of the individual spermathecal ducts forming an obtuse angle (> 90°); apex of 
the common spermathecal duct slightly wrinkled..............Arthuri Series ......Ps. matosi

12(10) Common sperm ducts completely striated, except in its apical region .... Ps. bispinosus
Common spermathecal ducts striated or smooth, but with wrinkles in its apical region 
(Figs. 61 and 65) ......................................................................................................... 13

13(12) Common spermathecal duct striated along the region that precedes the apical  
wrinkles ....................................................................................................................... 14
Common spermathecal duct smooth along the region that precedes the apical  
wrinkles ....................................................................................................................... 18

14(13) Scutum straw...............................Panamensis Series .................................................. 15
Scutum brown ............................................................................................................. 16
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15(14) Labrum-epipharynx shorter than flagellomere I; LE/fI ratio ca. 0.9:1.0 ........................  
.................................................................................................................... Ps. fairchildi
Labrum epipharynx longer than flagellomere I; LE/fI ration ca. 1.1:1.0 ........................  
......................................................................................................   Ps. carrerai carrerai

16(14) Junction of the individual spermathecal ducts forming an evident furca, with an acute 
angle (< 90°) (Fig. 61)........................Davisi Series ................................................... 26
Junction of the individual spermathecal ducts forming an obtuse angle (> 90°) ........ 17

17(16) Fore coxae clear brown.......... Panamensis Series ................ Ps. hirsutus nicaraguensis
Fore coxae straw........................... Panamensis Series ....................Ps. hirsutus hirsutus

18(13) Mesonotum straw ........................................................................................................ 19
Mesonotum brown ...................................................................................................... 20

19(18) Labrum-epipharynx >300 μm, subequal to the length of the head ......…Panamensis 
Series ...................................................................................................Ps. carrerai thula
Labrum-epipharynx <300 μm, shorter than the length of the head.............Panamensis  
Series .............................................................................................. Ps. carrerai carrerai

20(18) Katepisternum, katepimeron and all coxae brown ...................................................... 21
Katepimeron, mid and hind coxae straw ..................................................................... 22

21(20) Cibarium with the anterior (vertical) teeth arranged in a central set; space between the 
internal posterior (horizontal) space filled with many denticles............................ 
Panamensis Series ......................................................................................Ps. paraensis
Cibarium with the anterior (vertical) teeth dispersed; space between the  
internal posterior (horizontal) teeth without denticles................................ Panamensis 
Series .................................................................................................. Ps. llanosmartinsi

22(20) Katepisternum and fore coxa brown.................Panamensis Series............... Ps. ayrozai
Katepisternum and fore coxa straw ............................................................................. 23

23(22) Pronotum and paratergites brown ............................................................................... 24
Pronotum and paratergites straw ................................................................................. 25

24(23) Spermathecae with the apical ring asymmetrical, the terminal knob implanted laterally 
in the pre-apical ring.......................Panamensis Series.......................... Ps. panamensis
Spermathecae with the terminal knob implanted at the centre of the apical ring... Davisi 
Series ........................................................................................................... Ps. claustrei

25(23) Cibarium with the anterior (vertical teeth) arranged in an irregular transversal row, not 
forming a central longitudinal set................... Davisi Series ................Ps. amazonensis
Cibarium with the anterior (vertical) teeth forming a central longitudinal set.....................
Panamensis Series ...................................................................................Ps. yucumensis

26(16) Cibarium with the anterior (vertical) teeth arranged in an irregular transversal row, not 
forming a central longitudinal set; paratergite straw, scutellum brown..............Davisi 
Series .....................................................................................................Ps. amazonensis
Cibarium with the anterior (vertical) teeth arranged in a median set; paratergite brown, 
scutellum straw................. Davisi Series..........................................................Ps. davisi

The female of Ps. parimaensis cannot be identified by the characteristics presented in its description.
Nyssomyia

MALES
1 Gonostyle with the internal spine implanted in its basal region ................................... 2

Gonostyle with the internal spine implanted in its middle or slightly beyond this ....... 3
2(1) Tegument of the head, pronotum and paratergite straw, contrasting with the mesonotum 

brown ................................................................................................... Ny. richardwardi
Tegument of the head, pronotum, paratergite and mesonotum brown .............Ny. shawi
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3(1) Gonocoxite with a cluster of setae in its basal-median region ...................................... 4
Gonocoxite without cluster of setae, though some isolated setae may occur in its basal-
median region ................................................................................................................ 6

4(3) Paramere with apex sharply curved toward the gonocoxite; gonocoxite bearing a 
cluster with ca. 40 setae ...............................................................................Ny. antunesi
Paramere with apex straight or slightly curved toward the gonocoxite; cluster of the 
gonocoxite bearing ≤25 setae ....................................................................................... 5

5(4) Aedeagal ducts/sperm pump ratio ≤ 3.0:1.0; cluster of the gonocoxite bearing 12–22 
setae ........................................................................................................ Ny. delsionatali
Aedeagal ducts/sperm pump ration >3.2:1.0; cluster of the gonocoxite bearing 3–7 
setae ............................................................................................................Ny. urbinattii

6(3) Aedeagal ducts/sperm pump ratio ca. 6.0:1.0 ............................................. Ny. elongata
Aedeagal ducts/sperm pump ratio ≤ 4.0:1.0 ................................................................. 7

7(6) Aedeagal ducts/sperm pump ratio ≥ 2.3:1.0 ................................................................. 8
Aedeagal ducts/sperm pump ratio ≤ 2.0:1.0 ............................................................... 10

8(7) Alar ratio alpha/delta ca. 2.7:1.0; apex of the aedeagal duct spoon-shaped...................  
................................................................................................................. Ny. hernandezi
Alar ratio alpha/delta ca. 2.0:1.0; apex of the aedeagal duct dilated and bifurcated ........9

9(8) 5th palpal segment shorter than, equal to or slightly longer than 3rd; flagellomere 
I/labrum-epipharynx ratio ca. ≤ 1.1:1.0..................................................... Ny. whitmani
5th palpal segment ca. 1/5 longer than 3rd; flagellomere I/labrum-epipharynx ratio ca. 
1.3:1.0 .........................................................................................................Ny. sylvicola

10(7) Paratergite straw .......................................................................................................... 11
Paratergite brown ........................................................................................................ 17

11(10) Mesonotum brown in the region of the pre-sutural setae ............................................ 16
Mesonotum straw in the region of the pre-sutural setae ............................................. 12

12(11) 5th palpal segment ≤3rd; mesonotum straw in the central region .............................. 13
5th palpal segment >3rd; mesonotum brown in the central region .............. Ny. trapidoi

13(12) Apex of aedeagal ducts bifurcated (Fig. 109) ...............................................Ny. anduzei
Apex of aedeagal ducts with only one or two barbs (Fig. 110) .................................. 14

14 (13) Parameral sheath: basal width clearly shorter than the length of the dorsal margin  
and equal to the length of the ventral margin; paramere: dorsal margin of the digitiform 
part with a dense coating of setae longer than the width of the area where they are 
implanted  .................................................................................................................... 15
Parameral sheath: basal width equal to the length of the dorsal margin and greater than 
the length of the ventral margin; paramere: dorsal margin of the digitiform part with a 
sparse coating of setae (excepting the apical ones) which are as long as or shorter than 
the width of the area in which they are implanted ..................................Ny. yuilli pajoti

15(14) Paramere: apical digitiform part shorter than the basal rectangular part (this latter 
measured from its base at the ventral margin to the end of the protuberance with setae); 
the apical/basal ratio ca. 0.6–0.8:1:00 ...........................................................  Ny. fraihai
Paramere: apical digitiform part as long as the basal rectangular part; the apical/basal 
ratio ca. 0.8–1.0:1:0 .................................................................................Ny. yuilli yuilli

16(11) Gonostyle with the upper external spine implanted almost apically .......Ny. ylephiletor
Gonostyle with the upper external spine implanted on a level clearly anterior to the 
apical .........................................................................................................Ny. umbratilis

17(10) Gonostyle with the upper external spine implanted almost apically .......... Ny. edentula
Gonostyle with the upper external spine implanted on a level clearly anterior to the 
apical ........................................................................................................................... 18
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18(17) Apex of the aedeagal duct ladle-shaped (Fig. 108-A) .............................Ny. intermedia
Apex of the aedeagal duct spoon-shaped (Fig. 108-B) ................................... Ny. neivai

FEMALES
1 Common spermathecal duct reaches or goes beyond the middle of the genital furca 

stem; thorax with paratergite straw ............................................................................... 2
Common spermathecal duct shorter than the above; thorax with paratergite of varying 
color .............................................................................................................................. 3

2(1) Common spermathecal duct reaches the middle of the genital furca stem; individual 
spermathecal ducts smooth in their basal half and wrinkled in their distal  
half ......................................................................................................... Ny. delsionatali
Common spermathecal duct goes beyond the apex of the genital furca stem ................  
......................................................................................................................Ny. antunesi

Ny. urbinattii
3(1) Individual spermathecal ducts with sclerotized wrinkles (Fig. 68) ............... Ny. fraihai

Ny. yuilli yuilli
Individual spermathecal ducts without sclerotized wrinkles ........................................ 4

4(3) Spermathecae with 26–33 rings; individual spermathecal ducts ca. 3 × wider at their 
bases than their apices ..................................................................................  Ny. bibinae
Spermathecae without the set of characteristics above ................................................. 5

5(4) Paratergite straw ............................................................................................................ 6
Paratergite brown ........................................................................................................ 11

6(5) Apex of the terminal knob on the same longitudinal axis as the spermatheca  
(Figs. 37-D and 67) ....................................................................................................... 7
Apex of the terminal knob lateralized in relation to the longitudinal axis of the 
spermatheca (Fig. 66) .................................................................................................... 9

7(6) Terminal knob with its basal width twice that of the individual spermathecal ducts at 
their junction with the spermatheca; this latter with ca. five well-delimited rings, 
without rudimentary rings at their bases .....................................................  Ny. trapidoi
Terminal knob with its basal width ≤ that of the individual spermathecal ducts at their 
junction with the spermatheca; this latter having seven or more rings ......................... 8

8(7) Mesonotum brown; terminal knob with its maximum width subequal to that of the 
apical ring and the basal width equivalent to that of the apex of the individual 
spermathecal ducts at their junction with the spermatheca; this latter having 6–7 well-
developed rings and some other rudimentary ones at its base .................Ny. ylephiletor
Mesonotum predominantly straw. Terminal knob with its greatest width clearly less than 
that of the apical ring; spermathecae with ca. ten rings (Fig. 67) ...........  Ny. yuilli pajoti

9(6) Mesonotum light brown, contrasting only slightly with the paratergite .......Ny. anduzei
Mesonotum dark brown, contrasting with the straw paratergite ................................. 10

10(9) Tegument of the head dark brown; basal flagellomeres without simple setae; individual 
spermathecal ducts clearly striated and as long as the spermathecae .......Ny. umbratilis
Tegument of the head straw; basal flagellomeres with simple setae; individual 
spermathecal ducts smooth and shorter than the spermathecae ........... Ny. richardwardi

11(5) Individual spermathecal ducts shorter than the spermathecae .........................Ny. shawi
Individual spermathecal ducts longer than the spermathecae ..................................... 12

12(11) Basal diameter of the terminal knob clearly greater than that of the individual ducts at 
their junction with the spermatheca ............................................................................ 13
Basal diameter of the terminal knob ≤ that of the individual spermathecal ducts at their 
junction with the spermatheca .................................................................................... 14

13(12) Thorax with the anepisternal region brown ................................................ Ny. edentula
Thorax with the anepisternal region straw ...............................................Ny. intermedia
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14(12) Individual spermathecal ducts long, their apices (junction with the spermathecae) 
clearly go beyond the apex of the genital furca stem; spermathecae with 12 or more 
rings ............................................................................................................................. 15
Individual spermathecal ducts shorter, their apices (junction with the spermathecae) do 
not go beyond the apex of the genital furca stem; spermathecae with 6–11 rings 
(Fig. 37-D) ...................................................................................................... Ny. neivai

15(14) Individual spermathecal ducts 3–4 times longer than the spermathecae ........................  
.................................................................................................................... Ny. whitmani
Individual spermathecal ducts ca. 2.5 times longer than the spermathecae ............................... 
.................................................................................................................. Ny. hernandezi
Ny. singularis: terminal knob and spermathecae similar to those of Ny. neivai

Trichophoromyia
MALES
1 Aedeagal ducts ≤3 times the length of the sperm pump ............................................... 2

Aedeagal ducts >4 times the length of the sperm pump ............................................... 6
2(1) Gonostyle with the lower external spine implanted in its middle in such a way that it is 

nearer than the internal one to the upper external one ..................................Th. reburra
Gonostyle with the lower external spine implanted beyond its middle in such a way that 
it is closer to the upper external than the internal one .................................................. 3

3(2) Epandrial lobe longer than the gonocoxite ................................................................... 4
Epandrial lobe as long as or shorter than the gonocoxite ............................................. 5

4(3) Paramere: dorsal margin with a concavity which extends as far as the pre-apical region; 
ventral margin with a discreet elbow at the beginning of its apical third which extends 
as far as the pre-apical area ............................................................................ Th. meirai
Paramere: dorsal margin with a straight or slightly convex apical half in the area preceding 
the apex; apex of the paramere slightly dilated at the expanse of the ventral margin which 
becomes concave after the convexity of the preceding area ........................ Th. ubiquitalis

5(3) Paramere: dorsal margin with concavity extending as far as the pre-apical region; 
ventral margin with a protuberance between the beginning of the apical third and the 
pre-apical area .............................................................................................. Th. omagua

Paramere: dorsal margin slightly convex between its middle and the apical  
quarter; pre-apical region slightly dilated at the expanse of the concavity of the ventral 
margin .......................................................................................................Th. uniniensis

6(1) Paramere: without any lobe on the dorsal margin; at the beginning of the apical third it 
presents ca. 10 semifoliaceous setae with curved apices; immediately after these, it 
turns abruptly towards the gonocoxite, in this area there are tiny spines with rounded 
apices ............................................................................................................. Th. reinerti
Paramere different from the above ................................................................................ 7

7(6) Gonocoxite with its length less than twice its greatest width; gonostyle with a very 
short upper external spine whose apex never goes beyond the level of the implantation 
of the apical one ............................................................................................................ 8
Gonocoxite twice or three times as long as its greatest width; gonostyle with the apex 
of the upper external spine going beyond the level of the implantation of the apical one
..................................................................................................................................... 11

8(7) Paramere with a trilobed apex ..........................................................................Th. lopesi
Paramere without the trilobed apex .............................................................................. 9

9(8) Paramere practically of the same caliber throughout, the dorsal margin having  
no concavity after the median lobe; dorsal margin completely covered with short  
hairs .................................................................................................................Th. bettini
Paramere with its apex clearly wider than its middle due to the pronounced concavity 
of the dorsal margin, after a median lobe; the dorsal margin is only partly covered with 
short hairs .................................................................................................................... 10
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10(9) Gonocoxite with a median cluster of ca. 15 setae, five of them sclerotized and clearly 
thicker than the others; paramere with the dorsal area posterior to the median lobe 
concave and more than twice as long as its width ...........................................Th. gibba
Gonocoxite with a median cluster of ca. 30 setae of the same thickness; paramere  
with the dorsal area posterior to the median lobe concave and as long as its  
width .......................................................................................................... Th. eurypyga

11(7) Gonocoxite with a median cluster of 2–5 setae much thicker than the others ............ 12
Gonocoxite with the setae of the median cluster all of the same thickness ................ 15

12(11) Epandrial lobe as long as the gonocoxite and without permanent setae in its apical 
region ..............................................................................................................Th. readyi
Epandrial lobe clearly longer than the gonocoxite and with permanent setae in its apical 
region .......................................................................................................................... 13

13(12) Gonocoxite: cluster of ca. 25 setae, the thickest ones being thinner than the width of the 
internal spine of the gonostyle ........................................................... Th. adelsonsouzai
Gonocoxite: cluster of less than 20 setae, the thickest ones being as thick as the internal 
spine of the gonostyle ................................................................................................. 14

14(13) Gonocoxite with the median cluster of ca. five setae thicker than the others; gonostyle 
with the apical spine thick, i.e. its width is equal to that of the area immediately  
before its implantation; paramere with median lobe of the dorsal margin  
oblong .....................................................................................................Th. brachipyga
Gonocoxite with the median cluster of two setae thicker than the others; gonostyle with 
the apical spine narrower than the area immediately before its implantation; paramere 
with the median lobe of the dorsal margin rectangular .....................Th. viannamartinsi

15(11) Gonocoxite with two well sclerotized setae in its base, one seta in its middle and a 
sparse set of thin setae in its apical region .................................................. Th. dunhami
Gonocoxite with another arrangement and aspect of setae ......................................... 16

16(15) Gonocoxite without setae in its basal and median areas, only ca. six sclerotized  
long setae (as long as twice the width of the gonocoxite) implanted in its apical  
third ..............................................................................................................Th. saltuosa
Gonocoxite with setae in its base and/or in its middle ................................................ 17

17(16) Paramere digitiform posterior to the median lobe on the dorsal margin .................... 18
Paramere without median lobe or if it is present, it is not digitiform posterior to this 
lobe .............................................................................................................................. 22

18(17) Paramere with the digitiform area narrow (its length > six × its width); setae of the 
median dorsal lobe clearly longer than the lobe’s width ....................... Th. castanheirai
Paramere with the digitiform area ≤ 4 × as long as its width; setae of the dorsal median 
lobe as long as the lobe’s width .................................................................................. 19

19(18) Paramere with the digitiform area ca. twice as long as its maximum width; some setae 
that cover the digitiform area are also ca. twice as long as its width .......................... 20
Paramere with the digitiform area ≥ 3 times as long as its maximum width; the setae 
that cover the digitiform area are shorter than its width ............................................. 21

20(19) Paramere: lobe of the dorsal margin with the setae concentrated in its apical region; 
dorsal margin of the digitiform area with three long setae ....................... Th. napoensis
Paramere: lobe of the dorsal margin completely covered by setae; digitiform area with 
ca. five long setae implanted close to the ventral margin ......... Th. sp. 1. de Araracuara

21(19) Gonocoxite with median cluster of ca. 15 setae ........................................ Th. beniensis
Gonocoxite with median cluster of ca. 30 setae ..........................................Th. howardi
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22(17) Gonocoxite with the setae of the basal cluster united with the median cluster without 
clear transition (Fig. 149) ............................................................................................ 23
Gonocoxite with only a median cluster of setae or if the basal cluster is also present the 
transition between them is clear .................................................................................. 29

23(22) Paramere with the dorsal lobe very near its apex, so that this latter seems bilobed; the 
dorsal lobe is covered in its apical area with setae as long as its height and in the dorsal 
margin of the apex of the paramere there are short, straight setae; these two sets of setae 
are separated by a hairless area ....................................................................... Th. melloi
Paramere with the apex without bilobed aspect .......................................................... 24

24(23) Paramere with pronounced concavity in its dorsal margin, so that in its apical region it 
assumes trapezoidal shape, with the smallest side being located in its middle and the 
largest at its apex; this latter is coated with thin, short, spiniform setae; internally and 
near to the apex of the ventral margin there arises a small lobe whose apex turns 
towards the base of the genitalia; this lobe is also coated with spiniform setae but 
slightly longer than those on the longest side of the trapezium ........................Th. ininii
Paramere different from the above .............................................................................. 25

25(24) Paramere with concavity in the dorsal margin, however the apex of the paramere is 
rounded and presents a tuft of setae whose apices are curved towards the base of the 
genitalia; from the point at which the paramere becomes narrow to its peak, there is a 
dense coating of microtrichia and in the apical third of the inferior part there is a sparse 
set of short setae ....................................................................................Th. pastazaensis
Paramere different from the above .............................................................................. 26

26(25) Paramere: dorsal margin with the lobe arising at its apex and extending towards its 
middle; apical area of the lobe with setae as long as the width of the lobe, their apices 
being directed towards the apex of the genitalia (Fig. 174) ........................................ 27
Paramere tapering from the base towards its middle, from this point it expands slightly 
and then again narrows slightly, so the dorsal margin assumes a convex shape ......... 28

27(26) Cluster of the gonocoxite with the setae in ventral position practically as long and wide 
as the dorsal ones, the diameter of their implantation points being slightly smaller than 
those of the dorsal setae (Fig. 149) ............................................................Th. auraensis
Cluster of the gonocoxite with the setae in ventral position clearly shorter and narrower 
than those in the dorsal position, the diameter of their implantation points being ca. half 
that of those of the dorsal setae .................................................................. Th. rufreitasi

28(26) Paramere with the convex area of the dorsal margin with a fringe of setae as long as  
the width of this area, with those near the median area of the apex curved towards the  
base of the genitalia and the setae of the apical area straight; at the apex of the  
ventral margin, there is a narrow lobe that is directed to the base of the paramere  
and inflects towards the dorsal margin near the median narrowing of the  
paramere .................................................................................................Th. loretonensis
Paramere with the convex area of the dorsal margin covered internally with setae 
shorter than the width of the area; absence of lobe on the ventral margin ......... Th. ruii

29(22) Epandrial lobe ca. one-third longer than the gonocoxite ............................................ 30
Epandrial lobe shorter than the above ......................................................................... 32

30(29) Epandrial lobe slightly more dilated beyond its middle where numerous permanent 
setae are implanted. Gonocoxite with three clusters of setae, one apical (of ca. ten 
setae), one slightly beyond the middle (of ca. 35 setae) and another slightly before the 
middle (of more than 60 setae). Paramere with a marked concavity in the middle of its 
dorsal margin; protuberance in the pre-apical region of the ventral margin finishing in 
a digitiform apex .........................................................................................  Th. arevaloi
Epandrial lobe, gonocoxite and paramere with aspects different from the above ...... 31
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31(30) Gonocoxite with a median cluster of ca. 20 thin setae. Gonostyle: apex of the upper 
external spine goes slightly beyond the implantation of the apical spine. Paramere of 
practically the same caliber as from its basal third and presenting a small salience in its 
apical quarter covered with setae curved towards the base of the genitalia and on the 
ventral margin there is a small lobe directed towards the dorsal margin on whose apex 
ca. four setae are implanted ...........................................................................Th. acostai
Gonocoxite with a median cluster of ca. 12 setae, above which are ca. another five setae 
thinner than the preceding ones. Gonostyle: apex of the upper external spine goes 
beyond the middle of the apical spine; paramere tapers abruptly as from its middle, 
being covered with setae on its apical third .................................................Th. rostrans

32(29) Paramere: apical third assumes trapezoidal shape, with the shortest side being located 
in the middle of the paramere and the longest at its apex; where on its dorsal margin 
there are four well sclerotized setae longer than the others ..................... Th. wilkersoni
Paramere with apex different from the above ............................................................. 33

33(32) Gonocoxite with a basal tuft of ten or more setae as long as those of the median tuft; 
paramere with two or three apical lobes ..................................................................... 34
Gonocoxite with a few basal setae, shorter than those of the median tuft; paramere 
different than the above ............................................................................................... 35

34(33) Gonocoxite with a basal cluster of ten or more setae and without a distinct median 
cluster, having only a row of ca. eight setae extending from the middle to the apical 
region. Paramere: dorsal margin with small lobe covered with short setae as long as the 
height of the lobe; ventral margin with a wide lobe, practically occupying the entire 
apical area, arising on the apex and extending towards the apical third, being covered 
with small setae ............................................................................................Th. incasica
Gonocoxite with basal tuft of ca. 20 setae and in the central region a set of long setae 
separate from the apical ones. Paramere with three apical lobes, the ventral one shorter 
than the median and covered with spiniform setae whose apices point in all directions; 
the median one also having spiniform setae but their apices are directed towards the 
gonocoxite and the dorsal lobe shorter than the ventral one with semifoliaceous setae 
whose apices are also directed towards the gonocoxite ............................ Tr. nautaensis

35(33) Gonocoxite: median region with two clusters of setae, one of ca. five setae implanted 
more internally and another of 8–20 longer setae implanted more externally, all  
of them more apical than the internal ones or with some at the same level as the  
internal ones ................................................................................................................ 36
Gonocoxite with only one cluster of setae in its median region ................................. 38

36(35) Gonocoxite: external cluster of ca. eight setae; external cluster with the setae implanted 
more apically than the internal one; paramere with dorsal lobe thin at its apex but 
widening towards the beginning of the apical third; the lobe being covered with short 
setae, more concentrated on the apex of the paramere .............................. Th. cellulana
Gonocoxite: external cluster of 10–20 setae, some them implanted at the same level as 
the internal cluster; paramere different from the above .............................................. 37

37(36) Paramere: dorsal margin with a lobe arising on its apex and extending towards its 
middle, densely covered with setae, those situated at the apex of the lobe being ca. 
twice as long as the others and curved towards the apex of the paramere ....Th. sinuosa
Paramere: dorsal margin with a lobe arising on its apex and extending towards the 
beginning of its apical third with a concavity between its extremities; the apical area of 
the lobe is covered with short setae, the basal area having a few setae, longer than the 
apical ones ....................................................................................................Th. velascoi
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38(35) Paramere: dorsal margin with a lobe arising on its apex and extending towards its 
middle ......................................................................................................................... 39
Paramere without a distinct lobe, having only a slight concavity preceding the bristly 
part situated after its middle ........................................................................................ 41

39(38) Paramere: dorsal margin with apical lobe presenting a concave, glabrous area between 
its two extremities ..........................................................................................Th. clitella
Paramere: dorsal margin with the apical lobe completely covered with setae ........... 40

40(39) Paramere with digitiform lobe arising on its ventral margin inflecting obliquely towards 
the dorsal margin at the beginning of the apical third of the paramere; the apical area of 
the dorsal margin being covered with long setae with curved apices; there being a 
glabrous area between the apico-dorsal margin and the ventral lobe .............. Th. flochi
Paramere: dorsal lobe of apical origin, extending towards the middle region of the 
paramere; lobe completely covered with setae, those on the apex of the lobe being 
longer than the lobe’s width ......................................................................... Th. octavioi

41(38) Paramere with the apical half triangular; dorsal margin with the setae of the median 
region separated from the apical ones by a glabrous area...............................Th. pabloi
Paramere with a digitiform apical half, the dorsal margin being covered with setae 
throughout the length of its apical third ...................................................  Th. nemorosa

FEMALES
1 Individual spermathecal ducts with outgrowths, terminal knob ca. three times longer 

than its width .................................................................................................Th. reburra
Individual spermathecal ducts without outgrowths, spherical terminal knob ............... 2

2(1) Spermathecae: apical ring ≤3 times as long as the pre-apical ring .............................. 3
Spermathecae: apical ring ≥6 times as long as the pre-apical ring ......Th. adelsonzouzai

Th. auraensis
Th. beniensis

Th. bettinii
Th. brachipyga

Th. castanheirai
Th. eurypyga
Th. howardi

Th. ininii
Th. napoensis

Th. pabloi
Th. pastazaensis

Th. readyi
Th. rostrans

Th. ruii
Th. velascoi

Th. viannamartinsi
Th. wilkersoni

3(2) Spermathecae: apical ring ca. three times as long as the pre-apical ring ...... Th. ubiquitalis
Spermathecae: apical ring < twice as long as the pre-apical ring................................. 4

4(3) Diameter of the terminal knob greater than that of the individual ducts ..... Th. omagua
Diameter of the terminal knob smaller than that of the individual ducts ...... Th. cellulana
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Fig. 182 Coloration of the thoracic sclerites: A  – Psathyromyia shannoni; B – Psathyromyia 
baratai; C – Psathyromyia limai (note: the brown strip under the thorax is the femur); D – 
Psathyromyia ribeirensis; E – Psathyromyia bigeniculata; F – Psathyromyia abonnenci
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 Appendix

Index for the tribes, subtribes and genera of Phlebotominae of the world and sub-
genera, species goups, species series, species and subspecies of the Americas.

Species and subspecies
Bichromomyia flaviscutellata
Bichromomyia inornata
Bichromomyia olmeca bicolor
Bichromomyia olmeca nociva
Bichromomyia olmeca olmeca
Bichromomyia reducta
Brumptomyia angelae
Brumptomyia avellari
Brumptomyia beaupertuyi
Brumptomyia bragai

Fig. 182 (continued)
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Brumptomyia brumpti
Brumptomyia cardosoi
Brumptomyia carvalheiroi
Brumptomyia cunhai
Brumptomyia devenanzii
Brumptomyia figueiredoi
Brumptomyia galindoi
Brumptomyia guimaraesi
Brumptomyia hamata
Brumptomyia leopoldoi
Brumptomyia mangabeirai
Brumptomyia mesai
Brumptomyia nitzulescui
Brumptomyia orlandoi
Brumptomyia ortizi
Brumptomyia pentacantha
Brumptomyia pintoi
Brumptomyia quimperi
Brumptomyia spinosipes
Brumptomyia travassosi
Brumptomyia troglodytes
Brumptomyia virgensi
Dampfomyia anthophora
Dampfomyia aquilonia
Dampfomyia atulapai
Dampfomyia beltrani
Dampfomyia caminoi
Dampfomyia deleoni
Dampfomyia delpozoi
Dampfomyia disneyi
Dampfomyia dodgei
Dampfomyia insolita
Dampfomyia inusitata
Dampfomyia isovespertilionis
Dampfomyia leohidalgoi
Dampfomyia rosabali
Dampfomyia sp. de Suchitepequez
Dampfomyia permira
Dampfomyia steatopyga
Dampfomyia vesicifera
Dampfomyia vespertilionis
Dampfomyia viriosa
Dampfomyia zeledoni
Deanemyia appendiculata
Deanemyia derelicta
Deanemyia maruaga
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Deanemyia ramirezi
Deanemyia samueli
Edentomyia piauiensis
Evandromyia aldafalcaoae
Evandromyia andersoni
Evandromyia apurinan
Evandromyia bacula
Evandromyia bahiensis
Evandromyia begonae
Evandromyia bourrouli
Evandromyia brachyphalla
Evandromyia callipyga
Evandromyia carmelinoi
Evandromyia correalimai
Evandromyia cortelezzii
Evandromyia corumbaensis
Evandromyia costalimai
Evandromyia dubitans
Evandromyia edwardsi
Evandromyia evandroi
Evandromyia gaucha
Evandromyia georgii
Evandromyia grimaldii
Evandromyia hashiguchii
Evandromyia infraspinosa
Evandromyia inpai
Evandromyia ledezmaae
Evandromyia lenti
Evandromyia monstruosa
Evandromyia orcyi
Evandromyia petropolitana
Evandromyia pinottii
Evandromyia rupicola
Evandromyia sallesi
Evandromyia saulensis
Evandromyia sipani
Evandromyia sericea
Evandromyia sp. de Baduel
Evandromyia spelunca
Evandromyia tarapacaensis
Evandromyia teratodes
Evandromyia termitophila
Evandromyia tupynambai
Evandromyia tylophalla
Evandromyia walkeri
Evandromyia williamsi
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Evandromyia wilsoni
Expapillata cerradincola
Expapillata firmatoi
Hertigia hertigi
Lutzomyia adamsi
Lutzomyia alencari
Lutzomyia almerioi
Lutzomyia amarali
Lutzomyia araracuarensis
Lutzomyia ayacuchensis
Lutzomyia battistinii
Lutzomyia bicornuta
Lutzomyia bifoliata
Lutzomyia blancasi
Lutzomyia botella
Lutzomyia caballeroi
Lutzomyia caceresi
Lutzomyia caligata
Lutzomyia carvalhoi
Lutzomyia castanea
Lutzomyia castroi
Lutzomyia cavernicola
Lutzomyia ceferinoi
Lutzomyia chavinensis
Lutzomyia chotensis
Lutzomyia cirrita
Lutzomyia cruciata
Lutzomyia cruzi
Lutzomyia cultellata
Lutzomyia diabolica
Lutzomyia dispar
Lutzomyia elizabethrangelae
Lutzomyia erwindonaldoi
Lutzomyia evangelistai
Lutzomyia falcata
Lutzomyia falquetoi
Lutzomyia flabellata
Lutzomyia fonsecai
Lutzomyia forattinii
Lutzomyia galatiae
Lutzomyia gaminarai
Lutzomyia gomezi
Lutzomyia gonzaloi
Lutzomyia guderiani
Lutzomyia hartmanni
Lutzomyia herreri
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Lutzomyia ignacioi
Lutzomyia imperatrix
Lutzomyia infusca
Lutzomyia ischnacantha
Lutzomyia ischyracantha
Lutzomyia kirigetiensis
Lutzomyia larensis
Lutzomyia legerae
Lutzomyia lichyi
Lutzomyia longipalpis
Lutzomyia maesi
Lutzomyia manciola
Lutzomyia marinkellei
Lutzomyia matiasi
Lutzomyia monzonensis
Lutzomyia munaypata
Lutzomyia noguchii
Lutzomyia osornoi
Lutzomyia pallidithorax
Lutzomyia peruensis
Lutzomyia pescei
Lutzomyia ponsi
Lutzomyia pseudolongipalpis
Lutzomyia quillabamba
Lutzomyia renei
Lutzomyia rispaili
Lutzomyia sanguinaria
Lutzomyia scorzai
Lutzomyia sherlocki
Lutzomyia souzalopesi
Lutzomyia spathotrichia
Lutzomyia sp. de Pichinde
Lutzomyia strictivilla
Lutzomyia tanyopsis
Lutzomyia tejadai
Lutzomyia tolimensis
Lutzomyia tortura
Lutzomyia vargasi
Lutzomyia velezi
Lutzomyia wattsi
Martinsmyia alphabetica
Martinsmyia brisolai
Martinsmyia cipoensis
Martinsmyia gaspaviannai
Martinsmyia minasensis
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Martinsmyia mollinedoi
Martinsmyia oliveirai
Martinsmyia pisuquia
Martinsmyia quadrispinosa
Martinsmyia reginae
Martinsmyia waltoni
Micropygomyia absonodonta
Micropygomyia acanthopharynx
Micropygomyia ancashensis
Micropygomyia apache
Micropygomyia atroclavata
+Micropygomyia brandaoi
Micropygomyia californica
Micropygomyia capixaba
Micropygomyia cayennensis braci
Micropygomyia cayennensis cayennensis
Micropygomyia cayennensis cruzi
Micropygomyia cayennensis hispaniolae
Micropygomyia cayennensis jamaicensis
Micropygomyia cayennensis maciasi
Micropygomyia cayennensis puertoricensis
Micropygomyia cayennensis viequesensis
Micropygomyia chassigneti
Micropygomyia chiapanensis
Micropygomyia ctenidophora
Micropygomyia cubensis
Micropygomyia dereuri
+Micropygomyia dorafeliciangeliae
Micropygomyia duppyorum
Micropygomyia durani
Micropygomyia echinatopharynx
Micropygomyia farilli
Micropygomyia ferreirana
Micropygomyia hardisoni
Micropygomyia huacalquensis
Micropygomyia lewisi
Micropygomyia longipennis
Micropygomyia machupicchu
Micropygomyia mangabeirana
Micropygomyia micropyga
Micropygomyia oppidana
Micropygomyia oswaldoi
+Micropygomyia paterna
Micropygomyia peresi
Micropygomyia petari
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Micropygomyia pilosa
Micropygomyia pratti
Micropygomyia pusilla
Micropygomyia quechua
Micropygomyia quinquefer
Micropygomyia rorotaensis
Micropygomyia saccai
Micropygomyia schreiberi
Micropygomyia sp. 2 de Araracuara
Micropygomyia stewarti
Micropygomyia trinidadensis
Micropygomyia venezuelensis
Micropygomyia vexator
Micropygomyia villelai
Micropygomyia vindicator
Micropygomyia vonatzingeni.
Micropygomyia wirthi
Micropygomyia xerophila
Micropygomyia yencanensis
Micropygomyia zikani
Migonemyia bursiformis
Migonemyia cerqueirai
Migonemyia migonei
Migonemyia moucheti
Migonemyia gorbitzi
Migonemyia rabelloi
Migonemyia vaniae
Nyssomyia anduzei
Nyssomyia antunesi
Nyssomyia bibinae
Nyssomyia delsionatali
Nyssomyia edentula
Nyssomyia elongata
Nyssomyia fraihai
Nyssomyia hernandezi
Nyssomyia intermedia
Nyssomyia neivai
Nyssomyia richardwardi
Nyssomyia shawi
Nyssomyia singularis
Nyssomyia sylvicola
Nyssomyia trapidoi
Nyssomyia umbratilis
Nyssomyia urbinattii
Nyssomyia whitmani
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Nyssomyia ylephiletor
Nyssomyia yuilli pajoti
Nyssomyia yuilli yuilli
Oligodontomyia isopsi
Oligodontomyia oligodonta
Oligodontomyia toroensis
+Pintomyia adiketis
Pintomyia amilcari
Pintomyia andina
Pintomyia antioquiensis
Pintomyia aulari
Pintomyia bianchigalatiae
Pintomyia boliviana
+Pintomyia bolontikui
+Pintomyia brazilorum
Pintomyia cajamarcensis
Pintomyia christenseni
Pintomyia christophei
Pintomyia columbiana
Pintomyia damascenoi
Pintomyia deorsa
Pintomyia diamantinensis
Pintomyia diazi
Pintomyia disiuncta
+Pintomyia dissimilis
+Pintomyia dominicana
Pintomyia emberai
Pintomyia evansi
+Pintomyia falcaorum
+Pintomyia filipalpis
Pintomyia fischeri
Pintomyia gibsoni
Pintomyia gruta
Pintomyia guilvardae
Pintomyia itza
+Pintomyia killickorum
Pintomyia kuscheli
Pintomyia limafalcaoae
Pintomyia longiflocosa
Pintomyia mamedei
Pintomyia maracayensis
Pintomyia maranonensis
+Pintomyia miocena
Pintomyia misionensis
Pintomyia monticola
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Pintomyia moralesi
Pintomyia nadiae
Pintomyia naiffi
Pintomyia nevesi
Pintomyia novoae
Pintomyia nuneztovari
Pintomyia odax
Pintomyia oresbia
Pintomyia orestes
Pintomyia ottolinai
Pintomyia ovallesi
Pintomyia pacae
+Pintomyia paleopestis
+Pintomyia paleotownsendi
+Pintomyia paleotrichia
Pintomyia pessoai
Pintomyia pia
Pintomyia piedraferroi
Pintomyia quasitownsendi
Pintomyia reclusa
Pintomyia robusta
Pintomyia salomoni
Pintomyia sauroida
Pintomyia serrana
Pintomyia sp. de Anchicaya
Pintomyia spinicrassa
Pintomyia suapiensis
+Pintomyia succini
Pintomyia rangeliana
Pintomyia tihuiliensis
Pintomyia tocaniensis
Pintomyia torrealbai
Pintomyia torresi
Pintomyia torvida
Pintomyia townsendi
Pintomyia valderramai
Pintomyia verrucarum
Pintomyia youngi
Pressatia calcarata
Pressatia camposi
Pressatia choti
Pressatia duncanae
Pressatia dysponeta
Pressatia equatorialis
Pressatia triacantha
Pressatia trispinosa
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Psathyromyia abonnenci
Psathyromyia abunaensis
Psathyromyia aclydifera
Psathyromyia antezanai
Psathyromyia aragaoi
Psathyromyia baratai
Psathyromyia barretti
Psathyromyia barrettoi barrettoi
Psathyromyia barrettoi majuscula
Psathyromyia bigeniculata
Psathyromyia coutinhoi
Psathyromyia cratifer
Psathyromyia dasymera
Psathyromyia dendrophyla
Psathyromyia digitata
Psathyromyia dreisbachi
Psathyromyia guatemalensis
Psathyromyia brasiliensis
Psathyromyia campbelli
Psathyromyia campograndensis
Psathyromyia carpenteri
Psathyromyia castilloi
Psathyromyia dreisbachi
Psathyromyia hermanlenti
Psathyromyia inflata
Psathyromyia lanei
Psathyromyia lerayi
Psathyromyia limai
Psathyromyia lutziana
Psathyromyia maya
Psathyromyia naftalekatzi
Psathyromyia pascalei
Psathyromyia pelloni
Psathyromyia pifanoi
Psathyromyia pradobarrientosi
Psathyromyia punctigeniculata
Psathyromyia ribeirensis
Psathyromyia runoides
Psathyromyia ruparupa
Psathyromyia scaffi
+ Psathyromyia schleei
Psathyromyia shannoni
Psathyromyia soccula
Psathyromyia souzacastroi
Psathyromyia texana
Psathyromyia undulata
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Psathyromyia volcanensis
Psychodopygus amazonensis
Psychodopygus arthuri
Psychodopygus ayrozai
Psychodopygus bernalei
Psychodopygus fairchildi
Psychodopygus fairtigi
Psychodopygus francoisleponti
Psychodopygus geniculatus
Psychodopygus guyanensis
Psychodopygus bispinosus
Psychodopygus carrerai carrerai
Psychodopygus carrerai thula
Psychodopygus chagasi
Psychodopygus claustrei
Psychodopygus complexus
Psychodopygus corossoniensis
Psychodopygus davisi
Psychodopygus dorlinsis
Psychodopygus douradoi
Psychodopygus hirsutus hirsutus
Psychodopygus hirsutus nicaraguensis
Psychodopygus joliveti
Psychodopygus killicki
Psychodopygus lainsoni
Psychodopygus leonidasdeanei
Psychodopygus llanosmartinsi
Psychodopygus lloydi
Psychodopygus luisleoni
Psychodopygus matosi
Psychodopygus nocticolus
Psychodopygus panamensis
Psychododpygus paraensis
Psychodopygus parimaensis
Psychodopygus recurvus
Psychodopygus sp. de Trés Esquinas
Psychodopygus squamiventris maripaensis
Psychodopygus squamiventris squamiventris
Psychodopygus wellcomei
Psychodopygus yasuniensis
Psychodopygus yucumensis
Sciopemyia fluviatilis
Sciopemyia microps
Sciopemyia nematoducta
Sciopemyia pennyi
Sciopemyia preclara
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Sciopemyia servulolimai
Sciopemyia sordellii
Sciopemyia vattierae
Trichophoromyia acostai
Trichophoromyia adelsonsouzai
Trichophoromyia arevaloi
Trichophoromyia auraensis
Trichophoromyia beniensis
Trichophoromyia bettinii
Trichophoromyia brachipyga
Trichophoromyia castanheirai
Trichophoromyia cellulana
Trichophoromyia clitella
Trichophoromyia dunhami
Trichophoromyia eurypyga
Trichophoromyia flochi
Trichophoromyia gibba
Trichophoromyia howardi
Trichophoromyia incasica
Trichophoromyia ininii
Trichophoromyia lopesi
Trichophoromyia loretonensis
Trichophoromyia meirai
Trichophoromyia melloi
Trichophoromyia napoensis
Trichophoromyia natauensis
Trichophoromyia nemorosa
Trichophoromyia octavioi
Trichophoromyia omagua
Trichophoromyia pabloi
Trichophoromyia pastazaensis
Trichophoromyia readyi
Trichophoromyia reburra
Trichophoromyia reinerti
Trichophoromyia rostrans
Trichophoromyia ruii
Trichophoromyia ruifreitasi
Trichophoromyia saltuosa
Trichophoromyia sinuosa
Trichophoromyia sp. 1 de Araracuara
Trichophoromyia ubiquitalis
Trichophoromyia uniniensis
Trichophoromyia velascoi
Trichophoromyia viannamartinsi
Trichophoromyia wilkersoni
Trichopygomyia conviti
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Trichopygomyia dasypodogeton
Trichopygomyia depaquiti
Trichopygomyia elegans
Trichopygomyia ferroae
Trichopygomyia gantieri
Trichopygomyia longispina
Trichopygomyia martinezi
Trichopygomyia pinna
Trichopygomyia ratcliffei
Trichopygomyia rondoniensis
Trichopygomyia trichopyga
Trichopygomyia triramula
Trichopygomyia turelli
Trichopygomyia wagleyi
Trichopygomyia witoto
Viannamyia caprina
Viannamyia fariasi
Vinnamyia furcata
Viannamyia tuberculata
Warileya euniceae
Warileya fourgassiensis
Warileya leponti
Warileya lumbrerasi
Warileya nigrosaccula
Warileya phlebotomanica
Warileya rotundipennis
Warileya yungasi

Tribes
Hertigiini
Phlebotomini

Subtribes
Australophlebotomina
Brumptomyiina
Hertigiina
Idiophlebotomina
Lutzomyiina
Phlebotomina
Psychodopygina
Sergentomyiina

Genera
Australophlebotomus
Bichromomyia
Brumptomyia
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Chinius
Dampfomyia
Deanemyia
Edentomyia
Evandromyia
Expapillata
Hertigia
Idiophlebotomus
+Libanophlebotomites
Lutzomyia
Martinsmyia
+Mesophlebotomites
Micropygomyia
Migonemyia
Nyssomyia
Oligodontomyia
+Palaeomyia
+Phlebotoiella
+Phlebotomiella
+Phlebotomites
Phlebotomus
Pintomyia
Pressatia
Psathyromyia
Psychodopygus
Sciopemyia
Sergentomyia
Spelaeophlebotomus
Trichophoromyia
Trichopygomyia
Viannamyia
Warileya

Subgenera
(Aldamyia)
(Barrettomyia)
(Blancasmyia)
(Castromyia)
(Coquillettimyia)
(Coromyia)
(Dampfomyia)
(Evandromyia)
(Forattiniella)
(Helcocyrtomyia)
(Lutzomyia)
(Micropygomyia)
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(Migonemyia)
(Pifanomyia)
(Pintomyia)
(Psathyromyia)
(Sauromyia)
(Silvamyia)
(Tricholateralis)
(Xiphopsathyromyia)

Index of species groups of the Americas
Alphabetica
Delpozoi
Gasparviannai

Index of species series of the Americas
Arthuri
Atroclavata
Bispinosus
Cayennensis
Chagasi
Chiapanensis
Cortelezzii
Davisi
Envansi
Infraspinosa
Guyanensis
Lanei
Monstruosa
Monticola
Osornoi
Oswaldoi
Pacae
Panamensis
Peruensis
Pia
Pilosa
Rupicola
Sanguinaria
Saulensis
Serrana
Shannoni
Townsendi
Tupynambai
Verrucarum
Vexator
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Index of synonyms
Species
Flebotomus baityi
Flebotomus deanei
Flebotomus rickardi
Flebotomus suis
Flebotomus unisetosus
Lutzomyia aroucki
Lutzomyia beltrani “Belize form”
Lutzomyia borgmeieri
Lutzomyia coelhoi
Lutzomyia cuzquena
Lutzomyia diacantha
Lutzomyia dubia
Lutzomyia eliensis
Lutzomyia goiana
Lutzomyia lentioides
Lutzomyia munangai
Lutzomyia nuneztovari anglesi
Lutzomyia octavioi, non (Vargas)
Lutzomyia paulwilliamsi
Lutzomyia piedraferroi, non León
Lutzomyia robini
Lutzomyia sp. de Reventones
Lutzomyia sp. de Turure
Lutzomyia sp. near microps
Lutzomyia (Pressatia) sp. no. 1
Lutzomyia (Trichophoromyia) sp. no. 1
Lutzomyia (Trichophoromyia) sp. no. 2
Lutzomyia sp. no. 222.12
Lutzomyia sp. no. 260.31
Lutzomyia sp. no. 260.43
Lutzomyia sp. no. 260.44
Lutzomyia tintinabula
Lutzomyia townsendi, non Ortiz
Phlebotomus acanthobasis
Phlebotomus acutus
Phlebotomus adleri, non Theodor
Phlebotomus affinis, non Theodor
Phlebotomus almazani
Phlebotomus apicalis
Phlebotomus araozi
Phlebotomus arborealis
Phlebotomus baduelensis
Phlebotomus balouroensis
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Phlebotomus basispinosus
Phlebotomus cauchensis
Phlebotomus christophersoni
Phlebotomus colasbelcouri
Phlebotomus falciformis
Phlebotomus foliatus
Phlebotomus gasti
Phlebotomus guadeloupensis
Phlebotomus guayasi
Phlebotomus hansoni
Phlebotomus heckenrothi
Phlebotomus humboldti
Phlebotomus intermedius acutus
Phlebotomus intermedius acutus
Phlebotomus intermedius longiductus
Phlebotomus japignyi
Phlebotomus longicornutus
Phlebotomus longiductus
Phlebotomus lutzi
Phlebotomus machicouensis
Phlebotomus marajoensis
Phlebotomus mazzai
Phlebotomus microcephalus
Phlebotomus monticolus incarum
Phlebotomus montoyai
Phlebotomus nordestinus
Phlebotomus otamae
Phlebotomus pestanai
Phlebotomus pifanoi
Phlebotomus pinealis
Phlebotomus pinotti, non Damasceno & Arouck
Phlebotomus rachoui
Phlebotomus rangeli
Phlebotomus rooti
Phlebotomus rubidulus
Phlebotomus sp. Floch & Abonnenc
Phlebotomus sp. 1 de Baduel
Phlebotomus sp. II de Baduel
Phlebotomus sp. B du Gallion
Phlebotomus sp. C Velasco
Phlebotomus sp. de Cayenne
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Phlebotomus sp. de Crique Anguille
Phlebotomus sp. de Maripa
Phlebotomus sp. de Rorota
Phlebotomus sp. de Saul
Phlebotomus sp. de Souvenir
Phlebotomus sp. M
Phlebotomus sp. n° 768
Phlebotomus sp. O
Phlebotomus sp. X
Phlebotomus spinosus
Phlebotomus squamiventris, non Lutz & Neiva
Phlebotomus sylvestris, non Sinton
Phlebotomus tejerae
Phlebotomus tikalaensis
Phlebotomus vexator occidentis
Phlebotomus vexillarius
Phlebotomus yucatanensis
Phlebotomus yucatanensis baduelensis
Phlebotomus zulianensis
Psychodopygus sp. no. 401.63
Sergentomyia pessoana

Tribe
Australophlebotomini

Genera of the Americas
Françaia

Lutzia

Lutziola

Lutziomyia

Subgenera of the Americas
(Aguayoi)

(Anthophorus)

(Eupsychodopygus)

(Isolutzomyia)

(Oophoromyia)

(Shannonomyia)

(Shannonomyina)

(Xiphomyia) non Townsend
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 Introduction

The aim of this chapter is to illustrate how molecular and biochemical methods have 
been developed in recent decades in order to incriminate sand flies as vectors of 
human diseases in Brazil. The focus is on sand fly species that are incriminated vec-
tors of Leishmania species causing human leishmaniasis, and most references are to 
the vectors of Leishmania (Leishmania) infantum chagasi causing zoonotic visceral 
leishmaniasis (VL), Leishmania (Leishmania) amazonensis causing zoonotic cuta-
neous leishmaniasis (CL), and Leishmania (Viannia) braziliensis and other 
Leishmania (Viannia) species also causing zoonotic CL (Rangel and Lainson 2009; 
Ready 2013). There are brief references to the transmission of Carrion’s disease 
(Bartonella bacilliformis) elsewhere in South America (Cohnstaedt et al. 2011), but 
non-vectors and sand flies from other countries and continents are mentioned only 
if they were investigated by novel approaches not fully applied to Brazilian 
vectors.

Depaquit (2014) reviewed the molecular-systematics literature on sand flies 
worldwide. This did not include all the major molecular reports on Brazilian sand 
flies, owing to the exclusion of population-genetics research when it did not inform 
taxonomy and perhaps also to the difficulty of finding pre-1990 literature in online 
databases such as PubMed. The current chapter does consider systematics, but only 
when it is relevant to vector incrimination. Vectorial traits are not always shared by 
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a species in a single monophyletic lineage, as illustrated by the incriminated or 
suspected vectors of Le. (Vi.) braziliensis in South America being classified in sev-
eral subgenera of the genus Lutzomyia sensu lato including Helcocyrtomyia, 
Migonei, Nyssomyia, Pifanomyia, and Psychodopygus (sensu Ready 2013). 
Therefore, a preference for a classification that places these and other vectors in 
many genera (Galati 2003), rather than the single genus Lutzomyia (Young and 
Duncan 1994), might impair information storage and retrieval (Lewis et al. 1977), 
and it will not help public-health interventions if the new phylogeny is inaccurate.

Consequently, the current chapter focuses on the complementary molecular and 
biochemical approaches necessary for identifying the interbreeding populations of a 
biological species, which are those more likely to share genotypes associated with 
phenotypes (or traits) of biomedical importance, such as vector competence and 
insecticide resistance (Ready 2011, 2013). Among these biological species, many 
will be distinctive morphological species; some will consist of geographical popula-
tions characterized by distinctive phylogenetic lineages; and a few might be sympat-
ric with sibling species that are often indistinguishable morphologically but 
reproductively isolated by courtship behaviour. Molecular and biochemical markers 
are powerful tools for unravelling these differences, which must be recognized when 
planning the integrated control of leishmaniasis (Ready 2013; Bates et al. 2015).

 Multilocus Enzyme Electrophoresis for Species Identification 
and Population Genetics

Miles and Ward (1978) were the first to publish methods for the isoenzymatic char-
acterization of a sand fly, Lutzomyia (Nyssomyia) flaviscutellata from Brazil, after 
which multilocus enzyme electrophoresis (MLEE) was widely used for about 
20 years (Ready and Rangel 2003). This can be explained by the universality of 
most of the targeted biochemical pathways, the widespread development of the 
techniques by medical entomologists and parasitologists, and the relatively low 
costs compared with molecular biology. Later, MLEE was much less frequently 
used, and so this section includes methodological details and some older references 
that risk being missed by online searches.

MLEE involves an indirect characterization of polymorphism in enzyme-coding 
genes by electrophoretic fractionation of the proteins, which are extracted from 
specimens soon after death or after cryopreservation (− 80° C to − 196° C) to avoid 
protein denaturation. For most sand fly investigations, coarse homogenates of whole 
fly bodies (or thoraces) in ionic buffers were used to separate variant enzymes 
(=  isoenzymes or isozymes) migrating through gels of starch (Miles and Ward 
1978; Lanzaro et al. 1993), cellulose acetate (Ready and Silva 1984), or polyacryl-
amide (Munsterman et al. 1998), with velocities differing according to protein size 
and ionic charge. Among all of the proteins in each fractionated homogenate, 
 isoenzymes (or electromorphs) specified by one locus are revealed when they react 
with a specific substrate in the presence of co-factors, usually producing one or 
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more chromatic bands (Ready and Rangel 2003). Each of these isoenzyme bands 
has a characteristic migration distance, when compared with standards on the same 
gel, and is designated either qualitatively by a letter code (in order of mobility) or 
quantitatively as a percentage of the distance migrated by the most frequently 
occurring band in that species or sample (100) (Richardson et al. 1990). Bands are 
recognized as alleles at the same locus (= alloenzymes or allozymes) when 
Mendelian inheritance is demonstrated by laboratory crosses or inferred in field 
populations by a lack of deviations between observed genotype frequencies and 
those expected from Hardy-Weinberg equilibria (Ready and Silva 1984). 
Heterozygous individuals have two bands for monomeric enzymes but multiple 
bands for multimeric enzymes (Richardson et al. 1990). Isoelectric focusing pro-
vides higher resolution of electromorphs, but it has only been usefully applied for 
sand flies from the Eastern Hemisphere (Pesson et al. 2004).

Most MLEE investigations on Brazilian sand flies refer to widespread vectors 
such as Lutzomyia (Lutzomyia) longipalpis (Mukhopadhyay et al. 1998b; Arrivillaga 
et al. 2003) and Lutzomyia (Nyssomyia) intermedia sensu lato (Meneses et al. 2005), 
and the findings will be integrated with those from other biochemical and molecular 
research in the section Major Vectors. More generally, the number of enzyme loci to 
be characterized should depend on the objectives. Only one to three loci might be 
sufficient to distinguish sibling species, although investigations in Brazil failed to 
discover diagnostic loci for sibling or sister species of Lutzomyia (Psychodopygus) 
wellcomei (Ready & Silva 1984), Lu. (Ny.) intermedia s.l. (Meneses et al. 2005), 
and Lu. (Lu.) longipalpis (Maingon et al. 2008). Far more loci (up to 21) (Kreutzer 
et al. 1990) should be characterized if the objective is to infer phylogenetic relation-
ships or to investigate population differentiation in different habitats or geographi-
cal regions by using either genetic distances based on the presence or absence of 
alloenzyme bands or on population-genetics approaches (Meneses et al. 2005).

In general, uncorrected genetic distance (p) increases with phylogenetic dis-
tance, with sibling species (p = 0.194–0.236) being more differentiated than geo-
graphical populations (p = 0.004) but less differentiated than species from different 
subgeneric groups (p  =  0.612–1.250) (Lanzaro and Warburg 1995). However, 
genetic distance does not provide proof of species status, and few reports have dem-
onstrated phylogenetic relationships based on isoenzyme data. An exception is the 
subgenus Pifanomyia, found mostly in Andean and nearby neotropical regions, 
which includes the vector of Carrion’s disease (Kreutzer et al. 1990).

Population genetics provides a better approach for discovering intraspecific pop-
ulations. However, MLEE analysis faces many of the same challenges encountered 
using polymorphic DNA markers, such as microsatellites, including the presence of 
null alleles and haploid loci (Hartl and Clark 2007; Richardson et  al. 1990). 
Unfortunately, MLEE studies alone did not demonstrate the presence of sibling spe-
cies of Lu. (Lu.) longipalpis (Maingon et al. 2008) in Brazil or ecotope populations 
of  Lutzomyia (Nyssomyia) umbratilis (Tibayrenc et  al. 1980) in nearby French 
Guiana, although some new species were differentiated from morphologically 
 similar ones in other countries (Caillard et al. 1986; Kreutzer et al. 1990; Dujardin 
et al. 1996).
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For Brazilian sand flies, MLEE often failed to provide diagnostic markers for 
sibling species and to reveal intraspecific population differentiation. Together with 
the constraints of having to use fresh or cryopreserved material, this lack of success 
led many researchers to focus on more polymorphic molecular and biochemical 
markers. However, population genetics can provide important insights if based on 
mixed DNA and isoenzyme data sets, especially when maternally inherited mito-
chondrial DNA haplotype data is complemented by nuclear alloenzyme frequencies, 
for example, for Lu. (Lu.) longipalpis s.l. in Latin America (Arrivillaga et al. 2003).

 Characterizations of Nucleic Acids for Species Identification, 
Population Genetics, Phylogenetics and Vector Competence

 Development of Techniques

Molecular research on sand flies developed more slowly than it did for mosquitoes 
and some other arthropods of biomedical importance (Ready and Rangel 2003). The 
impacts of early techniques for analysing DNA were limited owing to long process-
ing times, lack of sensitivity, a paucity of commercial kits and specialist training, and 
the targeting of diverse non-coding and coding loci. At first, following the approaches 
for mosquitoes, repetitive DNAs of non-coding loci or multi-copy nuclear ribosomal 
RNA genes (rDNA) were targeted because of their abundance in whole genomic 
DNA.  Abundance provided higher sensitivity, and this made it relatively easy to 
construct DNA probes using bacteriophage and plasmid cloning (Ready et al. 1988, 
1991), to analyse restriction fragment length polymorphisms (RFLPs) by using 
Southern hybridization (Fig. 1) (Ready et al. 1988 1991), and to detect the presence 
or abundance of diagnostic DNA molecules by dot-blot or squash-blot hybridiza-
tions (Ready et al. 1988, 1991; Rangel et al. 1996). These techniques relied on label-
ling cloned diagnostic DNA molecules with radioisotopes or other labels, followed 
by their hybridization as single-stranded DNA probes to whole genomic single-
stranded DNA bound to hybridization membranes, and the revelation of the hybrid-
ized molecules by autoradiography or chemiluminescence. The whole genomic 
DNA was either extracted and known concentrations pipetted onto membranes for 
Southern and dot-blot hybridizations, or it was released chemically by cell lysis from 
body parts crushed (under coverslips or plastic sheets) onto squash-blot hybridiza-
tion membranes. Such techniques permitted the identification of individual sand flies 
and any Leishmania species infecting them (Ready et al. 1988). However, they were 
less successful at distinguishing or relating sibling species (Ready et al. 1991; Rangel 
et al. 1996), often because only one locus was targeted.

The introduction of the polymerase chain reaction (PCR) with locus-specific 
primers permitted the targeted amplification of DNA fragments at specific loci 
(Booth et al. 1994; Warburg et al. 1994). One of the early applications of PCR was 
random amplified polymorphic DNA (RAPD) analysis, which uses one short, 
 non- specific primer to amplify alleles that differ in size according to the genomic 
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distance between inverted pairs of primer-like DNA sequences. Using a suite of 
such primers, RAPD-PCR showed promise for distinguishing sibling species 
(Adamson et al. 1993) and later for intraspecific population genetics (Dias et al. 
1998), but it is no longer widely used because of the difficulties of standardizing 
experimental conditions and identifying the amplified alleles.

All these techniques detect molecular polymorphism caused by point mutations 
of nucleotide bases involving transitions [purine adenosine (A) ↔ purine guanine 
(G); pyrimidine cytosine (C) ↔ pyrimidine thymine (T)]; and transversions [A ↔ 
C; A ↔ T; G ↔ C; G ↔ T]. However, they do not detect all the mutations in the 
targeted fragment of genomic DNA, which became routinely possible only after the 
development of semi-automated Sanger sequencing of DNA fragments obtained by 
PCR, amplified either directly from genomic DNA or indirectly from complemen-
tary (c)DNA synthesised by reverse transcription PCR of messenger (m)RNA. The 
complete DNA nucleotide sequences generated by such techniques could then be 
aligned for comparative sequence analyses [now often using Geneious software 
(www.geneious.com)] in order to identify species-specific polymorphisms, regional 
populations or lineages (Fig. 2) and phylogenetic relationships, by using a range of 

Fig. 1 Autoradiogram of Southern-blotted genomic DNA extracted from individual sand flies col-
lected in Brazil, after digestion with restriction enzyme Sau3A, size fractionation in a 1.2% agarose 
gel, capillary blotting, hybridization with the oligo-labelled insert of the DNA probe (pPsw.105) 
diagnostic for Lu. wellcomei, low-stringency washes, and autoradiography for 2 days at –80° C. 
Size markers (bp = base pairs) are restriction fragments of plasmid pAT 153 digested with Hinf 1. 
Lanes: 1, 2 = male Lutzomyia complexa from Marajó island, Pará State; 3, 4 = male Lu. complexa 
from Paranapanema, Serra dos Carajás, Pará State; 5 = male and 6, 7 = female Lu. wellcomei/
complexa from Parauapebas, Serra dos Carajás; 8 = male and 9, 10 = female Lu. wellcomei/com-
plexa from N2, Serra dos Carajás. (Source: Ready et al. 1991)
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Fig. 2 (Upper) Cytochrome b haplotypes from individual males (M) or females (F) of Lu. 
whitmani from Brazil grouped by geographical lineage and variant 3′ nucleotides. Lineage syn-
apomorphies are diagnostic (+) or informative (±). Nucleotide substitutions † are transitions (i), 
transversions (v), or both (b), and substitutions †† are synonymous (s) or non-synonymous (N). 
(Lower) Single shortest phylogenetic tree (cladogram) relating the haplotypes by maximum parsi-
mony analysis (rescaled consistency index = 0.62, 100 heuristic searches). Above each branch are 
% bootstrap support (bold) and Bremer index. Lineages are North−South (NS), Eastern Amazonia 
(EA), Northeast (NE), and Rondonia (RO). (Source: Ishikawa et al. 1999)

often free software for analyses based on the principles of population genetics, cla-
distics, and Bayesian inference (e.g., Ready et  al. 1997; Testa et  al. 2002; 
Mahamdallie et al. 2011; Araki et al. 2013; Depaquit 2014). Further developments 
of PCR-based approaches have mostly focused on typing Leishmania species infect-
ing wild sand flies, and they include field-deployable real-time or quantitative PCR 
(e.g., McAvin et al. 2012) and multiplex PCR (e.g., Neitzke-Abreu et al. 2014). The 
epidemiological findings are covered in the section Major Vectors.
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Fig. 2 (continued)

DNA molecules denature more slowly than most proteins, and so, unlike MLEE, 
specimens do not always need to be cryopreserved. Sand flies should be killed 
quickly, to avoid biochemical degradation, ideally by freezing (−20°C for 30 min or 
−80° C to − 196° C for 5 min) or, alternatively, with cigarette smoke. Many of the 
copies of short, repetitive DNA sequences will survive in specimens stored dry 
(e.g., over silica gel) or in 70–90% analytical-grade ethanol (or isopropanol), always 
away from direct sunlight. Such samples were often used for dot- and squash-blot 
hybridizations (Ready et  al. 1988), and they can contain enough short DNA 
 fragments [≤550 base pairs (bp)] for PCR amplification and Sanger sequencing 
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(Ready et  al. 1997). More recently, FTA membranes (Whatman™ FTA Cards: 
www.gelifesciences.com) have been developed for dry storage of tissues, cells, and 
extracted DNA (Sant’Anna et al. 2008). However, it is better to cryopreserve speci-
mens (or their extracted and purified DNA) if longer DNA fragments are to be 
amplified or the loci occur in low copy numbers (one to nine per haploid genome) 
(Testa et  al. 2002; Tabbabi et  al. 2014). PCR is facilitated, and readable DNA 
sequences are more easily obtained, if genomic DNA is purified by methods estab-
lished for Drosophila (Ready et  al. 1988, 1991) or by using kits (e.g., Qiagen 
DNeasy Blood and Tissue Kit: www.qiagen.com; DNAzol: www.thermofisher.
com). Normally mRNA should be extracted from fresh specimens (e.g. RNeasy 
Mini-kit: www.qiagen.com).

 Mitochondrial DNA Markers

Mitochondrial (mt) DNA has been much used to identify morphospecies of sand 
flies as well as to split them into cryptic species, sibling species, or regional lineages 
(Ready 2013).This follows widespread research on mtDNA by animal-population 
geneticists and phylogeneticists because of its uniparental mode of inheritance (usu-
ally maternal in flies) and lack of recombination (Avise 2000). The circular mito-
chondrial genome is <20 kilobase pairs in length [15.717 kbp in Lu. (Ny.) umbratilis) 
(Kocher et al. 2016)], and so it can be easily amplified by cloning or Long PCR 
(Esseghir et al. 1997; Ye et al. 2015) in order to check the sequence conservation of 
universal primers for Diptera (Simon et al. 1994). The genome is cytoplasmic and 
evolves rapidly to produce regional lineages of unique DNA sequences, or haplo-
types, that share fixed, mostly synonymous nucleotide substitutions within a lineage 
(Fig. 2; Ready et al. 1997) and show relatively large genetic distances between lin-
eages [pairwise p distances of c. 2.3%/1 million years (Esseghir et al. 2000)].

However, this mode of evolution has its drawbacks for delimiting species, and 
reproductive isolation should only be inferred by population genetic analyses 
that  include genotype frequencies at nuclear loci, not solely mtDNA haplotype 
 frequencies at what is effectively a single maternal locus (Avise 2000). Introgression 
of mtDNA is frequent even between good biological species of sand flies (Marcondes 
et al. 1997; Testa et al. 2002; Mazzoni et al. 2006; Araki et al. 2013), and population 
bottlenecks commonly produce new mtDNA lineages (Mahamdallie et al. 2011). 
This means that mtDNA barcoding alone cannot provide proof of species status. It 
is only indicative of the presence of more than one species in an internally branch-
ing group of mtDNA haplotypes (Fig. 3; Ready et al. 1997), especially if such a tree 
is not a phylogram but only a phenogram (or dendrogram) constructed by clustering 
sequences by genetic distance using a neighbour-joining or similar algorithm, as 
often advocated (see Hebert et al. 2003).

According to the narrow definition (www.barcodeoflife.org/), barcoding should 
be based on the comparative sequence analysis of a specific 648-bp fragment of the 
mtDNA gene, COI, which encodes the protein cytochrome c oxidase 1, but most 
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Fig. 3 (A) Alignment of the variable nucleotide sites of the consensus sequences of the paralytic 
gene fragment from individual Lu. longipalpis collected in Sobral, Ceará State, Brazil. Exon sites 
are in bold. Dots indicate the same nucleotide as in the first aligned sequence. The three fixed dif-
ferences between the two siblings (1S, sob1s; 2S, sob2s) are highlighted. (B) Minimum evolution 
tree constructed using pairwise genetic distances (p) and the para sequences from the siblings 1S 
(black circles) and 2S (white squares). Bootstrap values greater than 50% (1000 permutations) are 
shown. (Source: Lins et al. 2008)
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Fig. 3 (continued)
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sand fly reports have not targeted COI. For Brazilian sand flies, exceptions include 
research on Lu. (Lu.) longipalpis and its siblings (Arrivillaga et  al. 2002, 2003; 
Maingon et al. 2003), on populations of Lu. (Ny.) umbratilis and Lutzomyia (Ny.) 
anduzei (Scarpassa and Alencar 2012, 2013; Scarpassa et al. 2015) and on 47 mor-
phospecies (Pinto et al. 2015). DNA barcodes correctly identified 42 of 47 (90%) 
Brazilian morphospecies and recognized a synonymized species related to Lutzomyia 
(Psathyromyia) shannoni (Pinto et al. 2015). DNA barcodes also correctly identi-
fied all morphospecies surveyed in Colombia (Contreras Gutiérrez et  al. 2014; 
Romero-Ricardo et al. 2016) including four Brumptomyia species and Warileya rot-
undipennis, but neither of these studies tackled the recognition of sibling species, in 
part because of small sample sizes. In contrast, the efficacy of COI to recognise 
sibling species was considered for Lutzomyia (Pifanomyia) species sampled from 
Colombia and Peru including populations of Lu. (Pf.) verrucarum, the regional vec-
tor of Bartonella bacilliformis (Cohnstaedt et  al. 2011): Seven morphospecies 
formed well-supported phylogenetic lineages, but four morphospecies grouped in 
two paraphyletic lineages, namely, Lu. (Pf.) longiflocosa-Lu. (Pf.) sauroidea and 
Lu. (Pf.) quasitownsendi- Lu. (Pf.) torvida.

Early comparative sequence analyses of c. 490bp of mtDNA (CB3 fragment) 
containing the 3′ terminal of the gene encoding the protein cytochrome b (Cyt b) led 
to a focus on this marker for phylogenetic research on species and populations of 
Phlebotomus (Esseghir et al. 1997) and Lutzomyia (Ready et al. 1997; Hodgkinson 
et al. 2003; Torgerson et al. 2003). However, the CB3 fragment is complex, contain-
ing DNA with different rates of mutation, including not only c. 316 bp of Cyt b but 
also all c. 82 bp of a transfer (t) RNA gene (tRNAserTCN) on the same DNA strand 
and c. 90  bp of the 3′ terminal of the gene, Nadh1, which encodes the protein 
 nicotinamide adenine dinucleotide dehydrogenase on the complementary DNA 
strand, as well as two short intergenic spacers that can be difficult to align. 
Consequently, primers were designed for the comparative sequence analysis of c. 
717 bp of the more homogeneous 3′ terminal of Cyt b (>60% of the gene) based on 
the PCR amplification of two fragments (Esseghir et al. 2000; Testa et al. 2002) or 
one larger fragment (Tabbabi et al. 2014). The smaller fragments can be easier to 
amplify from degraded genomic DNA.

Notable research on the mtDNA of Lutzomyia species has also been based on the 
protein-coding gene Nadh4 (Soto et al. 2001; Arrivillaga et al. 2003; Beati et al. 
2004) and the 12S and 16S rRNA genes (Arrivillaga et al. 2003; Cohnstaedt et al. 
2011). The alignment of DNA sequences of rRNA genes and tRNA genes should be 
based on secondary structure models (Esseghir et al. 1997; Vivero et al. 2007).

 Conserved Nuclear Markers

Two conserved nuclear loci have been widely used for molecular research on flies, 
namely, the tandem array of rRNA genes (including 18S rDNA, 28S rDNA and 
spacers) and the gene encoding the protein elongation factor−1 alpha (EF-1α). The 
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slow rate of evolution of much rDNA makes it suitable for the molecular phyloge-
netics of morphospecies and generic groups (Beati et  al. 2004; Depaquit 2014), 
although the alignment of the sequences depends on imprecise secondary structure 
models (Aransay et al. 2000). RFLPs of 18S rDNA can be useful for species identi-
fication (Terayama et al. 2008), and the more polymorphic intergenic spacers (IGS1, 
IGS2) of rDNA sometimes provide markers within species complexes (Kuwahara 
et al. 2009; Zapata et al. 2012).

Comparative sequence analysis of EF-1α permitted the delimitation of species 
and the discovery of mtDNA introgression in non-Brazilian Lutzomyia (Pifanomyia) 
species from the Andes and northern Neotropics (Testa et al. 2002), but this gene is 
not routinely used for sand flies partly because PCR primers must be designed spe-
cifically for some subgenera to avoid amplifying more than one locus of multi-copy 
EF-1α or even EF-2 (Esseghir et al. 2000).

The same lack of locus specificity was met when investigating families of non- 
LTR retrotransposons in Lutzomyia and Phlebotomus species (Booth et al. 1994, 
1996). Other nuclear genes are discussed in the following sub-sections.

 Lovesong Genes: Per, Cacophony and Paralytic

Genes associated with behaviour started to be used for the molecular analysis of 
sand fly species and populations at the turn of the millenium (Oliveira et al. 2001). 
Genes involved with sexual behaviour are thought to be good molecular markers for 
phylogenetic studies because they tend to evolve faster due to disruptive selection 
(Ting et al. 2000), and this also makes them particularly useful for population genet-
ics. The first two behaviour genes investigated in sand flies were period (per) and 
cacophony (cac) (Bauzer et al. 2002a, 2002b; Mazzoni et al. 2002; Lins et al. 2002). 
The per gene is involved in the control of circadian and song rhythms in Drosophila 
melanogaster (Kyriacou and Hall 1980). Circadian rhythm determines a fly’s daily 
activities, such as mating time, which can lead to isolation between populations. In 
Drosophila, per also affects rhythms in male song, which are important for repro-
ductive success (Kyriacou and Hall 1980; Ritchie et al. 1999), thus leading to repro-
ductive isolation between closely-related species (Sakai and Ishida 2001). The cac 
gene encodes a subunit of a voltage-gated calcium channel (Smith et  al. 1998). 
Among other phenotypes, cac also affects Drosophila male songs, with mutants 
having abnormal inter-pulse intervals and polycyclic pulses. Variations in such 
characters are frequently species-specific and can be used by females for species 
recognition (Peixoto and Hall 1998).

Both genes were used for phylogenetic analysis of several Brazilian sand fly spe-
cies (Bauzer et al. 2002a, 2002b; Lins et al. 2002; Mazzoni et al. 2008), sometimes 
demonstrating a lack of concordance with the morphological classification (Young 
and Duncan 1994). However, the greatest contributions from studies using these 
markers relate to variation among Brazilian populations of Lu. (Lu.) longipalpis 
(Souza et al. 2017) the taxonomic status of which have been controversial (Brandão- 
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Filho et al. 2009). Behavioural analysis suggested that Lu. (Lu.) longipalpis was a 
complex of cryptic species in Brazil (Souza et al. 2004; Hamilton et al. 2005), but 
molecular investigations often reached conclusions that varied according to the 
marker. A key step was the molecular analysis of two sympatric populations from 
Sobral (Ceará State), one with males exhibiting one pair of dorsal spots with phero-
mone papules (1S) on the fourth abdominal segment and the males of the other 
population having two pairs of dorsal spots (2S) on the third and fourth segments 
(Ward et  al. 1983; Bauzer et  al. 2002b, 2007). Molecular analysis based on per 
shows a high level of genetic structure between the two populations, even though 
cac suggests that some level of introgression still occurs (Bauzer et  al. 2002a, 
2002b; Bottecchia et al. 2004; Araki et al. 2009, 2013). Such genetic structuring of 
sympatric populations indicates that the genetic differences among allopatric popu-
lations will not always result from geographical variation alone.

More than a dozen Brazilian populations have been analysed using per, includ-
ing Sobral, Estrela de Alagoas (Alagoas State) and Jaíba (Minas Gerais State), with 
sympatric populations in each of the three localities separated by the abdominal- 
spot morphotype. Analysis shows a split into two groups associated with the copula-
tory songs produced by males, named pulse-type and burst-type (Bauzer et  al. 
2002a, 2002b; Araki et al. 2009, 2013; Vigoder et al. 2015). The burst-type group 
has similar songs and a low genetic differentiation (Fst <0.1) consistent with a single 
species. On the other hand, the pulse-type group shows more variation in song pat-
terns and a moderate to high Fst, which is consistent with the presence of up to five 
different species. Comparison of per in some locations shows fixed polymorphisms 
diagnostic for the sympatric populations. However, the diagnostic polymorphisms 
are not consistent among localities, and this is true even when only populations of 
the same song sub-group are considered (Araki et al. 2009). Another issue is that 
both per and cac have shown introgression between populations of Lu. (Lu.) longi-
palpis s.l. (Araki et al. 2013), which could produce substantial temporal variation in 
allele frequencies. This could explain, for instance, why Lima Costa et al. (2015) 
were able to observe fixed polymorphisms between Sobral 1S and Sobral 2S in a 
segment of per that was not diagnostic in the samples of Bauzer et al. (2002b).

Lutzomyia (Lu.) cruzi is a species closely related to Lu. (Lu.) longipalpis (Young 
and Duncan 1994), and molecular analysis of per showed that the pairwise genetic 
distances between the two species can be smaller than those between any burst-like 
and pulse-like pair of populations of Lu. longipalpis (Mazzoni et al. 2002). On this 
evidence, Lu. cruzi should be treated as a member of the Lu. longipalpis species 
complex (subsection Lu. (Lu.) longipalpis Species Complex as Vectors of Le. (Le.) 
infantum chagasi). Outside this complex, analysis of per showed introgression 
between the closely related Lu. (Ny.) intermedia and Lutzomyia (Nyssomyia) whit-
mani (Mazzoni et al. 2006) and the presence of a putative sibling species of Lu. 
(Ny.) umbratilis (Scarpassa and Alencar 2012; subsection Lu. (Ny.) intermedia, Lu. 
(Ny.) neivai and Lu. (Ny.) whitmani as Vectors of Leishmania (Viannia) Species).

Another Drosophila song gene studied in sand flies is paralytic (para) (Peixoto 
and Hall 1998). This gene encodes a subunit of a voltage-dependent sodium chan-
nel and is of wider biomedical interest because some mutations can cause insecti-
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cide resistance in arthropod vectors (Pittendrigh et al. 1997). The use of para for 
population genetics research in Brazil again showed a clear separation between the 
two population groups of Lu. longipalpis characterized by copulatory songs (Lins 
et al. 2008). Comparisons between both sympatric and allopatric populations of 
the two groups showed higher divergences for para than for any other molecular 
marker (Fst = 0.79) (Lins et al. 2012). This was the first molecular marker to show 
fixed- sequence polymorphisms between the two sympatric populations of Sobral 
1S and Sobral 2S (Fig. 3), and these polymorphisms are also fixed in several allo-
patric populations, suggesting that para could be a good diagnostic marker within 
the Lu. longipalpis complex (Lins et al. 2008, 2012). The analysis of para in Lu. 
(Lu.) cruzi confirmed it as a member of the Lu. longipalpis complex but with a 
somewhat different result from per. Both genes showed Lu. cruzi as an indepen-
dent clade within the complex, but per places Lu. cruzi closer to pulse-type popula-
tions (Mazzoni et al. 2002), while para places it closer to burst-type populations 
(Lins et al. 2008). Lutzomyia cruzi has a burst-like copulatory song but produces 
the male pheromone 9-methyl-germacrene, which is found only in pulse-type pop-
ulations of Lu. longipalpis (Brazil and Hamilton 2002). This suggested to Araki 
et al. (2013) the  possibility that para might be differentiating populations in asso-
ciation with copulatory song while per might do so in association with the 
pheromone.

 Other Behaviour Genes

The molecular circadian clock determines an organism’s daily cycle including mat-
ing and feeding times (Meireles-Filho and Kyriacou 2013). The endogenous circa-
dian clock consists of biochemical feedback loops that are self-regulated by a series 
of complex interactions. Many genes are involved in the core pacemaker in 
Drosophila, and per was the first to be described (Mendoza-Viveros et al. 2017). In 
brief, the proteins formed by the clock (clk) and cycle (cyc) genes interact to up- 
regulate several clock genes including per and timeless (tim). Throughout the day, 
PER and TIM proteins accumulate and inhibit CLK/CYC activity, thus controlling 
their own expression (Mendoza-Viveros et al. 2017).

Some circadian-clock genes have been cloned from Lu. (Lu.) longipalpis, but not 
from other sand flies. Both clk and cyc were isolated and have amino-acid sequences 
that indicate a possible change in molecular function compared with Drosphilia 
melanogaster (Meireles-Filho et al. 2006; Gesto et al. 2015). In Lu. longipalpis, cyc 
has a transactivation domain at the C-terminal region that is lacking in Drosophila 
but conserved in eukaryotes. In addition, cyc shows rhythmic daily expression in 
males of Lu. longipalpis, but it has constitutive expression in D. melanogaster and 
most Diptera (Meireles-Filho et al. 2006). The C-terminal region of clk also shows 
differences in comparison with fruit flies, exhibiting low sequence conservation and 
a shortened poly-glutamine region, which is usually conserved because of its impor-
tance for activating transcription (Gesto et al. 2015).
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The last circadian-clock gene to be characterized in Lu. (Lu.) longipalpis was 
vrille (vri). Its protein contains a bZIP domain (basic leucine zipper) that mediates 
DNA binding and is highly conserved in this sand fly (Gesto et al. 2015). Both clk 
and vri have been used for phylogenetics to produce the expected relationships 
among many insect taxa (Gesto et al. 2015).

 Salivary Peptide Genes

Peptides are among the salivary-gland molecules that female sand flies pump into 
their blood-feeding pools in mammalian skin (Ready 2013). Some of the salivary 
peptides (SPs) are phlebotomine specific, while others have structural homologies 
to mosquito and tick SPs known to counteract haemostatic and immuno-modulatory 
responses to blood-vessel damage (Anderson et  al. 2006). Many of the SP gene 
families shared by Lutzomyia species were isolated from the model species Lu. (Lu.) 
longipalpis, and their immuno-modulatory effects were tested in laboratory-bred 
mammalian hosts (Charlab et al. 1999; Collin et al. 2009).

Only the SP Maxadilan has been intensively characterized to investigate genetic 
variation in wild sand  fly populations, with most of this research being accom-
plished before the establishment of methods for the routine cloning of potential SP 
DNA vaccines (Valenzuela et al. 2004; Anderson et al. 2006; Oliveira et al. 2006). 
This potent vasodilator was the first molecule to be identified in sand fly saliva when 
it was characterized from Lu. longipalpis (Titus and Ribeiro 1988; Lerner et  al. 
1991). Natural variation in Maxadilan has been investigated by characterizing its 
multi-copy genes (max), antigenic diversity and mRNAs from Lu. Longipalpis and 
sibling species sampled from widespread neotropical locations (Lanzaro et al. 1999; 
Yin et al. 2000; Milleron et al. 2004), and associations have even been made with 
different human immune responses to infection by Le. (Le.) infantum chagasi 
(Warburg et al. 1994). Previous exposure to Maxadilan exacerbates experimental 
infections, whereas exposure to other SPs can provide protection (see Oliveira et al. 
2008). Recently, a max-like gene has been was identified in Lu. (Ny.) intermedia (de 
Moura et al. 2013) and the immunogenicity of the homologue from the sister spe-
cies, Lutzomyia (Nyssomyia) neivai, studied in patients with cutaneous leishmania-
sis (Aires et al. 2017).

 Polymorphic Markers for Related Species

RAPD-PCR (subsection Development of Techniques) was soon followed by single- 
strand conformational polymorphism analysis (SSCP), in which alleles of a single- 
or multi-copy gene are amplified by PCR and then separated as single-strand DNA 
molecules by electrophoretic fractionation in polyacrylamide gels. This method was 
explored for investigating sequence polymorphisms in multi-copy max (Warburg 
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et  al. 1994) and mtDNA (Cyt b, COI, 16S) (Hodgkinson et  al. 2002; Arrivillaga 
et  al. 2003) among populations of Lu. (Lu.) longipalpis s.l. Some of the alleles 
should be sequenced in order to relate electromorphs to point mutations in haplo-
types (Lanzaro et al. 1999).

Microsatellite DNA consists of tandem copies of simple repeats (usually two to 
four nucleotides long) and, after PCR amplification, alleles with different repeat 
numbers are identified by length in polyacrylamide sequencing gels. This was first 
investigated for Lu. (Ny.) whitmani and Lu. (Lu.) longipalpis from Brazil (Day and 
Ready 1999) and proved very informative for relating populations of Lu. longipal-
pis (Maingon et al. 2008). Microsatellite loci sufficiently polymorphic for popula-
tion genetics can be difficult to clone and isolate from DNA libraries (Aransay et al. 
2001; Watts et  al. 2001). Therefore, many population ecologists have turned to 
using single nucleotide polymorphisms (SNPs) identified by next-generation 
sequencing (NGS) unless they are researching model organisms for which micro-
satellite DNA sequences and SNPs can be found by online searches of annotated 
whole-genome sequences (Campo et al. 2013).

 Transcriptomics, Whole Genome Sequencing and Vector 
Competence

Genomics, proteomics, and transcriptomics are progressing rapidly by using ever 
more advanced high-throughput NGS techniques (Campo et  al. 2013). These 
approaches will increasingly provide the comparative nucleic acid sequences (RNA 
and DNA) and peptides for developing diagnostic tests to incriminate vectors in 
natural settings, as well as for understanding the molecular interactions between 
parasites and vectors that determine vector competence (Ready 2013).

Recently, almost the complete mitochondrial genome of Lu. (Ny.) umbratilis 
was obtained on a NGS platform (Illumina Hiseq 2500) with a genome-skimming 
strategy, which also enabled the assembly of a nuclear rDNA repeat (Kocher et al. 
2016). However, most whole  genome sequencing (WGS) and transcriptomics 
have been applied to investigate vector competence, including the comparison of 
sugar-fed, blood-fed and Leishmania-infected female sand flies (Jochim et  al. 
2008), and the identification of the function of sand fly genes (Telleria et al. 2012) 
and Leishmania genes (Doehl et al. 2017) by gene-depletion or gene-replacement 
experiments. Much of this research is performed with two model sand flies, Lu. 
(Lu.) longipalpis and Phlebotomus (Phlebotomus) papatasi, and the challenge is 
to extend the research to other sand flies, especially neotropical vectors of cutane-
ous leishmaniasis (Ready 2013). EST libraries are available for Lu. (Lu.) longi-
palpis (Dillon et al. 2006; Azevedo et al. 2012), and regularly updated sequence 
data for this species are available on Vectorbase (www.vectorbase.org/;  Bates 
et al. 2015).
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 Cuticular Hydrocarbons

 Non-functional Characterization of Cuticular Hydrocarbons

Cuticular hydrocarbons can have various structural or behavioural functions, but the 
early analyses of medically important flies focused on using gas−liquid chromatog-
raphy and/or mass spectrophotometry to discover profiles of often unidentified mol-
ecules that were diagnostic for closely related species, and Lu. (Ps.) wellcomei was 
a Brazilian sand fly differentiated by such an approach (Ryan et al. 1986) [subsec-
tion Other Vectors of Leishmania (Viannia) Species].

 Pheromones

Some cuticular hydrocarbons are pheromones, and these have potential as baits in 
traps for sand fly control (Bray et al. 2014). Pheromones are one type of semio- 
chemical produced by an individual to elicit a physiological and/or behavioural 
response by another of the same species, and they are frequently used by insects for 
species recognition (Johansson and Jones 2007). Males of Lu. (Lu.) longipalpis s.l. 
produce a volatile pheromone that is released by glands located in the papules of the 
abdominal tergal spots (Lane et  al. 1985; Phillips et  al. 1986; Ward et  al. 1988; 
Hamilton and Ward 1991). Analysis showed variation in the main chemical compo-
nent (comprising >90% of the total) and the chemical blends produced by different 
Brazilian populations (Ward et al. 1988; Hamilton et al. 1994, 2005; Spiegel et al. 
2016). These pheromones can attract females across considerable distances (Ward 
et al. 1988; Morton and Ward 1989), and the main component is the one responsible 
for female attraction (Hamilton et al. 1994). Behavioural essays showed that the 
pheromone attracts both sexes in laboratory experiments (Lane et al. 1985; Ward 
et al. 1988; Spiegel et al. 2016) and in natural environments (Bray et al. 2009), with 
each sex having chemical receptors in the antennal ascoid sensilla to detect what 
could well be a sex-aggregation pheromone (Spiegel et al. 2016).

Four distinct chemotypes were found and characterized by their main component 
(Ward et al. 1988; Hamilton et al. 1996a, 1996b, 2004, 2005; Casanova et al. 2006; 
Spiegel et al. 2016). Chemotype 1 is composed mainly of the homosesquiterpene 
(S)-9-methylgermacrene-B (9MGB); it was first found in males from Lapinha cave 
in Minas Gerais State and later elsewhere in Brazil and in Central and South 
America. Chemotype 2 is also a homosesquiterpene with the main component being 
(1S,3S,7R)-3-methyl-α-himachalene (3MαH); it was first described in Jacobina 
(Bahia State, Brazil). Chemotype 3 is a monocyclic diterpene classified as cem-
brene- 1 (Cemb-1); it is the most widespread pheromone in Brazilian populations 
and is strongly associated with the burst-type song (see subsection Lovesong Genes: 
Per, Cacophony and Paralytic). Chemotype 4 is another diterpene called  cembrene-2 
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(Cemb-2); it is found only in males from Jaíba, Minas Gerais State, having one pair 
of abdominal spots (Jaíba 1S). A fifth chemotype was proposed by Hamilton et al. 
(2005), based on the proportion of the different chemical components produced by 
the gland. Found in the Sobral 1S (Céara State) and Montes Claros (Minas Gerais 
State) Brazilian populations, it also has >90% 9MGB but in a slightly smaller ratio 
than observed in populations with chemotype 1. It is not clear if this blend should 
indeed be considered a different chemotype, because it is not known if it causes 
behavioural or physiological changes.

The role of pheromones in the reproductive isolation of the members of the Lu. 
longipalpis complex requires further clarification. Different populations may vary in 
their response to potentially interspecific pheromone components. Females from 
Jacobina with chemotype 2 respond only to their own pheromone, 3MαH, but not to 
Cemb-1. On the other hand, females from Sobral 2S, where males produce Cemb-1, 
are attracted to both pheromones when each is presented individually. However, when 
given a choice, they show a clear preference for their homo-specific Cemb-1 phero-
mone (Ward and Morton 1991). Males and females from populations with different 
chemotypes can mate, albeit at a low rate, and their offspring are fertile (Ward et al. 
1988; Souza et al. 2008). Males from laboratory crosses of individuals from Lapinha 
(chemotype 1) and Jacobina (chemotype 2) produce both types of pheromones, 
9MGB and 3MαH. In contrast, wild males from sympatric populations do not produce 
both pheromones, and this indicates effective sexual isolation (Spiegel et al. 2016).

Pheromones have also been characterized for morphologically divergent species 
of the Lu. longipalpis complex. Males of Lu. (Lu.) cruzi also produce chemotype-1 
pheromones (9MGB) (Brazil and Hamilton 2002; Hamilton et al. 2005). However, 
this is the only species in the complex known to produce a burst-type song as well 
as a pheromone that is not Cemb-1, thus showing the importance of taking an inte-
grative approach based on different markers when dealing with the Lu. longipalpis 
complex (Vigoder et al. 2010a). Lutzomyia (Lu.) pseudolongipalpis is found only in 
Venezuela, and its males were also found to produce the same 3MαH pheromone 
found in males of Lu. (Lu.) longipalpis from Jacobina (Arrivillaga and Feliciangeli 
2001; Watts et al. 2005).

Sex pheromones are not widely distributed amongst males of other Lutzomyia 
species, some of which have vestigial tergal papules (Hamilton et al. 2002). Males 
of Lutzomyia (Lu.) lenti from southern Brazil produce a novel diterpene, whereas 
those from northeastern Brazil do not. A putative diterpene sex pheromone was 
found in Lutzomyia (Pintomyia) pessoai (Hamilton and Ward 1994).

 Major Vectors

 Molecular and Biochemical Systematics of Vectors

It is noteworthy that a recent review of the molecular systematics of phlebotomines 
(Depaquit 2014) did not include a single phylogram. A major project to relate 
sand fly species at the subgeneric and generic levels, based on comparative analyses 
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of nuclear rDNA and mitochondrial COI sequences, was started by M. D. Bargues 
and J. Depaquit more than 10 years ago, and the publication of its findings is much 
anticipated by all in the leishmaniasis community who want to share a single well- 
supported sand fly classification. Preliminary presentations of the molecular phy-
logenies at international meetings (Bates et al. 2015) have indicated that not all of 
the genera proposed by Galati (1995, 2003) are monophyletic. Nevertheless, some 
regional phylogenies of neotropical species have been published and provide 
insights of biomedical significance.

In most neotropical foci of VL, Lu. (Lu.) longipalpis or related species are the 
incriminated vectors of Le. (Le.) infantum chagasi (Rangel and Lainson 2009; 
Ready 2013), and all are grouped in the monophyletic Lutzomyia subgenus (Young 
and Duncan 1994), or genus (Galati 2003), based on a novel analysis of incomplete 
concatenated nuclear DNA and mtDNA (Grace-Lema et al. 2015) or COI barcoding 
(Pinto et al. 2015). The same molecular reports, along with others based on mtDNA 
(Torgerson et al. 2003) and nuclear rDNA (Lins et al. 2002; Mazzoni et al. 2002; 
Beati et al. 2004), provide some support for the hypothesis that many of the incrimi-
nated vectors of CL in the Neotropics are classified in three monophyletic subgen-
era (Young and Duncan 1994) or genera (Galati 2003), namely, Nyssomyia, 
Psychodopygus and Trichophoromyia. These can be grouped in a sub-tribe pro-
posed by Galati (2003) (Psychodopygina) separate from that of the VL vectors and 
the CL vector Lu. (Mi.) migonei (Lutzomyina). However, the different molecular 
phylogenies do not agree on the relationships of the groups within Psychodopygina 
or on whether Lu. (Ny.) flaviscutellata and related species should be classified in the 
genus Bichromomyia (Galati 2003).

The report on the COI barcoding of Brazilian sand flies (Pinto et  al. 2015) 
included specimens from the eastern and central states of Espirito Santo (15 loca-
tions), Bahia (1), Rio de Janeiro (1), Minas Gerais (1), and Mato Grosso (1). A 
neighbour-joining algorithm was used to group DNA sequences according to pair-
wise divergences estimated by the Kimura 2-parameter model (K2P), and the phe-
netic groupings were recognised as species and genera according to thresholds of 
absolute K2P genetic distances identified by Automatic Barcode Gap Discovery 
(ABGD) software (Puillandre et al. 2012). This is not a phylogenetic approach (see 
subsection Mitochondrial DNA Markers) but rather a development of phenetic anal-
yses that tend to group taxa similarly when the genetic distances are calculated from 
isoenzyme profiles (Torgerson et al. 2003).

 Lu. (Lu.) longipalpis Species Complex as Vectors of Le. (Le.) 
infantum chagasi

Most molecular and biochemical research on Brazilian sand flies has been on Lu. 
longipalpis and related members of the Longipalpis series of the subgenus Lutzomyia 
(Young and Duncan 1994). The series is treated as the subgenus Lutzomyia by 
Galati (2003), and it contains two species that are often placed in the Lu. longipalpis 
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complex because their females and those of Lu. longipalpis are isomorphic, namely, 
Lu. (Lu.) cruzi and Lu. (Lu.) pseudolongipalpis (Arrivillaga and Feliciangeli 2001). 
There is insufficient space to review all of the research on this complex, although 
key articles are covered (in this subsection and earlier ones), and additional refer-
ences can be found in major reviews (Hamilton et al. 2005; Maingon et al. 2008, 
Araki et al. 2013; Souza et al. 2017) from the research groups of Professor Richard 
D.  Ward and Professor Alexandre A.  Peixoto, who together provided the major 
impetus to this field of research in Brazil.

In summary, based on up to 27 isoenzyme loci and involving 5 mtDNA genes, 
there are 4 distinctive geographical genetic lineages of Lu. longipalpis — in Central 
America (trans-Andean or species D), northern South America (cis-Andean or spe-
cies C with sub-lineages in Colombia and Venezuela), Laran in Venezuela (species 
B = Lu. pseudolongipalpis), and Brazil (species A) — and reproductive barriers 
were demonstrated or inferred between them by producing sterile male hybrids 
from laboratory crosses, by finding distinctive karyotypes, or by population- genetics 
analyses (Lanzaro et al. 1993; Yin et al. 1999; Lampo et al. 1999; Arrivillaga et al. 
2003). The same tools were applied to demonstrate relatively small genetic  distances 
(increasing with geographical distance) between populations within species C or 
species D (Munstermann et al. 1998; Mutebi et al. 1998; Soto et al. 2001), but this 
isolation by distance only held true for some populations of species A in Brazil 
(Mukhopadhyay et al. 1998a, 1998b; Mutebi et al. 1999; Hodgkinson et al. 2003). 
Isolation by distance was detected in Brazil among populations that shared a burst- 
type lovesong and among populations that shared similar pulse-type lovesongs, and 
this was convincingly demonstrated by population-genetics approaches based on 
genotyping highly polymorphic microsatellite DNA loci (Watts et  al. 2005) and 
multiple nuclear gene loci (Araki et al. 2009, 2013). Reproductive barriers between 
Brazilian populations of these two putative Lu. longipalpis species were first dem-
onstrated by Ward et al. (1983) and later associated with different aggregation pher-
omones (see subsection Pheromones; Hamilton et al. 2005), lovesongs (Souza et al. 
2004, Vigoder et al. 2010a, 2015) and love-song genes (see subsection Lovesong 
Genes: Per, Cacophony and Paralytic; Souza et al. 2017).

The pre- and post-copulatory reproductive barriers between these geographical 
and behavioural variants of Lu. longipalpis were considered sufficient for formal 
species recognition (Brandão-Filho et al. 2009), but until now only Lu. pseudolon-
gipalpis has been described as a taxonomic species. Actually, there is no need to 
name a new species in Brazil, partly because the type material of Lu. longipalpis 
came from Brazil, and partly because it becomes increasingly difficult to split Lu. 
longipalpis sensu stricto from Brazil into two or more well-defined species. It is 
true that reproductive barriers are strong in at least three locations where there are 
sympatric populations with burst-type and pulse-type lovesongs, namely, in Sobral 
(Ceará State, Northeast Brazil), Estrela de Alagoas (Alagoas State, Northeast 
Brazil), and Jaíba (Minas Gerais State, northern border of Southeast Brazil) 
(Maingon et al. 2008; Souza et al. 2008; Araki et al. 2009; Vigoder et al. 2015). 
However, based on the comparative sequence analysis of alleles at 21 nuclear loci, 
there is increasing evidence of mating between these sympatric populations in the 
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recent past, thus leading to the introgression of allelic sequences of courtship genes 
(such as cac and per) and sometimes the loss of associations between such nuclear 
genetic markers with lovesongs, mating behaviour, aggregation pheromones, and 
pheromone-gland morphology (1S, 2S, and variants) (Araki et al. 2009, 2013). For 
example, there is a strong distinction in Sobral between flies characterised by 2S, 
burst-type song, and Cemb-1 pheromone versus flies characterised by 1S, pulse- 
type song P3, and 9MGB pheromone. In contrast, in Estrela de Alagoas, 1S is char-
acterised by pulse-type song P5 and Cemb-1, whereas in Jaíba, 1S is characterised 
by pulse-type song P4 and Cemb-2. A population from Mesquita (Rio de Janeiro 
State, Southeast Brazil) even has a mixed song (Araki et al. 2009).

Araki et al. (2013) discussed the possibility that the process of speciation might 
be incomplete in Brazil, perhaps after allopatric divergence followed by interbreed-
ing on secondary contact. If true, it would be premature to create one or more taxo-
nomic species. The original intention of Ward et al. (1983) was to investigate any 
association between regional variants of Lu. longipalpis and the endemicity of VL 
in Northeast Brazil. None of the lovesong lineages has yet been shown to provide 
such an association. Therefore, future molecular and biomedical investigations 
should try to link putative sibling species to spatial and temporal variations in phe-
notypes with genotypic markers that are most likely to affect vector control (Ready 
2011, 2013). For example, Lins et al. (2008) discovered amino acid motifs in the 
para gene of Lu. longipalpis from Brazil that might cause insecticide resistance, and 
Souza et al. (2009) reported life-cycle differences among members of this species 
complex. Certainly, given the regional variation in gene introgression, little is likely 
to be inferred from molecular investigations of chemotypes alone (Casanova et al. 
2015) or of a single gene locus whether mtDNA (Ribolla et al. 2016) or per (Lima 
Costa et al. 2015).

The local and regional incrimination of Lu. longipalpis s.l. as a vector of Le. 
infantum chagasi depends on the application of many molecular and biochemical 
tools (see subsection Transcriptomics, Whole Genome Sequencing and Vector 
Competence), not least for identifying Leishmania infections and bloodmeal sources 
in wild sand flies (Ranasinghe et al. 2008; Sant'Anna et al. 2008). Salivary peptides 
are also a major focus for molecular research because some, but not Maxadilan, are 
potential vaccine candidates and provide a means of estimating exposure to the bites 
of Lu. longipalpis (see subsection Salivary Peptide Genes).

 Lu. (Ny.) flaviscutellata as a Vector of Le. (Le.) amazonensis

Morphologically, this sand fly belongs to the Lutzomyia (Nyssomyia) olmeca spe-
cies complex, which contains the incriminated vectors of Leishmania (Leishmania) 
mexicana in Mexico (Lu. olmeca) and Panama [Lu. (Nyssomyia) bicolor] and the 
potential vectors of this parasite and its sister species Le. amazonensis in western 
Amazonia (Lu. bicolor) and of Le. amazonensis alone in central and eastern 
Amazonian Brazil  Lutzomyia (Nyssomyia) nociva] (Ready 2013). Throughout 
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tropical Brazil, Lu. flaviscutellata is an incriminated or suspected vector of Le. ama-
zonensis, and it is the only member of the species complex occurring south of 
Amazonia (Carvalho et  al. 2015). However, molecular markers have not been 
applied to test for the presence of cryptic sibling species or to assess the status of all 
members of the species complex. Some could be subspecies as originally described.

Based on a phylogenetic analysis of nuclear 28S rDNA, Lu. flaviscutellata from 
San Martín, Peru, was grouped with Lu. (Ps.) geniculata, Lu. (Trichophoromyia) 
sp., Lu. (Ny.) yuilli yuilli and Lu.(Viannamyia) tuberculata, all within the sub-tribe 
Psychodopygina (Beati et al. 2004); and, based on COI mtDNA, Lu. olmeca was 
also grouped with a member of this sub-tribe, Lu. (Psathyromyia) aclydifera (Grace- 
Lema et al. 2015). However, taxon sampling was inadequate to permit any infer-
ences of epidemiological importance. Of more biomedical interest was the 
characterization of SPs, including yellow-related proteins, of Lu. olmeca from 
Mexico (Abdeladhim et al. 2016). In this case, molecular phylogenetic analysis was 
aimed more at understanding the evolution of SP functional differences that might 
affect epidemiological investigations and leishmaniasis control.

 Lu. (Ny.) intermedia, Lu. (Ny.) neivai and Lu. (Ny.) whitmani 
as Vectors of Leishmania (Viannia) Species

These three members of the subgenus Nyssomyia were incriminated as vectors of 
Le. (Vi.) braziliensis in non-Amazonian regions of Brazil including the Northeast 
(Lu. intermedia, Lu. whitmani), the Central-West (Lu. neivai, Lu. whitmani), the 
Southeast (all three sand flies), and the South (Lu. neivai; also present in adjoining 
Argentina and Paraguay) (Rangel and Lainson 2009; McIntyre et al. 2017). In addi-
tion, Lu. whitmani was found infected with Leishmania (Viannia) guyanensis and 
Leishmania (Viannia) shawi in Amazonia, where its more silvatic populations were 
considered to be sufficiently distinctive to merit recognition as a cryptic sibling spe-
cies based on behaviour (Rangel and Lainson 2009) as well as morphometrics and 
the relative abundance of a repetitive DNA sequence (Rangel et al. 1996). The three 
sand flies have been a focus for molecular and biochemical research because of their 
vectorial roles in diverse ecotopes and their morphological similarities: The adults 
of both sexes of Lu. whitmani are distinctive (Young and Duncan 1994), but Lu. 
neivai was long considered a junior synonym of Lu. intermedia before Marcondes 
(1996) resurrected it as a valid morphospecies with distinctive female genitalia.

Molecular or biochemical markers can be useful for the alpha-taxonomy of sand 
flies (Depaquit 2014), and molecular systematics based on nuclear genes (Lins et al. 
2002) or mtDNA barcoding (Pinto et al. 2015) usually groups Lu. intermedia with 
Lu. whitmani. However, it is clear that molecular taxonomy must be applied cau-
tiously to these three Brazilian vectors because gene introgression indicates imper-
fect reproductive barriers, not only between regional populations of Lu. whitmani 
(Ready et al. 1997; Fig. 2) on the southeastern border of Amazonia (Ready et al. 1998) 
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but also between all three species in the Southeast (Marcondes et al. 1997; Mazzoni 
et al. 2006, 2008). Comparative DNA sequence analyses of the CB3 fragment (con-
taining Cyt b) from 94 specimens of Lu. whitmani revealed at least two sub-lineages 
of a species-specific mtDNA lineage with each being associated with populations 
from distinctive regions (Amazonian with Atlantic Forest biomes; and intervening 
North−South seasonally drier biomes), and not one Lu. whitmani contained a hap-
lotype of the lineage found only in Lu. intermedia and Lu. neivai (Ready et al. 1997; 
Marcondes et  al. 1997; Ishikawa et  al. 1999). Therefore, assuming maternal and 
non-recombinant mtDNA inheritance (Ishikawa et al. 1999; Avise 2000), the dis-
covery in Espírito Santo State (Viana, near Vitória) of haplotypes of one CB3 lin-
eage of Lu. whitmani (North−South) in all seven females with the morphology of 
Lu. intermedia (Marcondes et al. 1997) is most parsimoniously explained by the 
mating of one or more wild-type females of Lu. whitmani with wild-type males of 
Lu. intermedia, followed by the mating of the hybrid females with wild- type males 
of Lu. intermedia alone.

Individuals of both morphospecies were later sampled from a nearby location in 
Espírito Santo State (Afonso Cláudio) and genotyped at 10 nuclear loci (Mazzoni 
et al. 2008). An ‘isolation with migration’ population genetics model provided evi-
dence for introgression from Lu. intermedia towards Lu. whitmani in three of 10 
loci [cac (cacophony), ƹCOP (or zetacop), and the largest non-recombining block 
of RpL17A (ribosomal protein L23)], but there were species-specific fixed polymor-
phisms and no evidence for gene flow in four loci [Rp49 (ribosomal protein L32), 
RpL36 (ribosomal protein L36), RpS19a (ribosomal protein S19a), and the entire 
RpL17A]. Genotype frequencies were not reported for each sex, and mtDNA was 
not analysed, but all sand flies had morphological characters diagnostic for only one 
of the two species (Mazzoni et al. 2008), and therefore the introgression could not 
have been very recent. The direction of introgression is consistent with the mtDNA 
findings of Marcondes et al. (1997), if hybrid individuals tend to mate with wild- 
type individuals of one species only. Marcondes et al. (1997) also reported mtDNA 
introgression from Lu. neivai into Lu. intermedia in São Paulo State (Caraguatatuba).

The distributions of per haplotypes in Afonso Cláudio (Mazzoni et  al. 2008) 
were consistent with no introgression at this locus, which did not match finding 
evidence of introgression in the other lovesong gene cac in the same populations 
and in per in an earlier survey (Mazzoni et al. 2006). The latter characterized 68 Lu. 
intermedia and 53 Lu. whitmani, all F1 individuals bred from flies collected in 
Afonso Cláudio, two locations in Rio de Janeiro State (Posse, Jacarepaguá) and two 
locations in Bahia State (Corte de Pedra, Ilhéus). One Lu. intermedia from Posse 
and another from Corte de Pedra had per haplotypes placed in the Lu. whitmani part 
of the haplotype network, while two Lu. whitmani from Afonso Cláudio and two 
from Corte de Pedra had per haplotypes placed in the Lu. intermedia part of the 
haplotype network. The contradictory findings of the two investigations might result 
from temporal and spatial changes in the distributions of hybrid individuals 
(Mazzoni et al. 2008). For Lu. intermedia, the failure to detect regional acoustic 
signals (Vigoder et al. 2011) was matched by the absence of regional per lineages 
(Mazzoni et al. 2006).
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Genetic differentiation might produce not only allopatric regional lineages, as 
for Lu. whitmani (Ishikawa et al. 1999; Margonari et al. 2004), but also sympatric 
cryptic species or incipient species that are adapted to different environments, e.g., 
the Anopheles gambiae complex (Wiebe et  al. 2017). The latter possibility was 
explored in Mesquita municipality (Rio de Janeiro State) where domestic, peri- 
domestic, and silvatic populations of Lu. intermedia were sampled within 800 m of 
each other in a location 600 m above sea level where Lu. whitmani was rare and Lu. 
neivai was absent (Meneses et al. 2005). MLEE with eight loci, SSCP of 3 mtDNA 
genes, and RAPD-PCR with 6 primers were applied to characterise male flies, but 
only an analysis of the RAPD-PCR phenotypes provided evidence of non-seasonal 
population differentiation, with the silvatic population being distinctive despite the 
MLEE analysis indicating at least 50 flies migrating between the different habitats 
each generation (Meneses et al. 2005).

Taken together, these molecular and biochemical findings suggest that reproduc-
tive barriers do not always prevent substantial gene flow among the three sand fly 
species, perhaps because courtship gene motifs are shared by introgression (Mazzoni 
et al. 2006, 2008), and there is little differentiation of local populations of Lu. inter-
media among habitats (Meneses et al. 2005). However, the three species do  maintain 
distinctive morphologies, different regional and climatic distributions (Ishikawa 
et  al. 1999; McIntyre et  al. 2017), specific altitudinal and habitat distributions 
(Meneses et al. 2005; Mazzoni et al. 2008), and distinguishing behaviours such as 
anthropophily and endophily (Campbell-Llendrum et al. 1999, 2000). As for Lu. 
(Lu.) longipalpis, this may indicate that we are focusing too much on species bound-
aries and too little on biological traits that influence vector competence and vecto-
rial capacity (Ready 2013). For these three sand flies species, molecular and 
biochemical tools are essential for characterising the phenotypes and genotypes 
associated with, for example, blood-feeding preferences as determined by identify-
ing host kairomones and attractants (Pinto et  al. 2001; Andrade et  al. 2008) and 
blood-meal origins as identified by ELISA or comparative DNA-sequence analysis 
of mammalian Cyt b (Marassá et al. 2013); transmission cycles determined by dis-
tinguishing specific Leishmania species from other trypanosomatids using multi-
plex PCR and other PCR tests (Pita-Pereira et  al. 2009; Ferreira et  al. 2015; 
Neitzke-Abreu et  al. 2014); microbiota diversity (Monteiro et  al. 2016), which 
affects the development of Le. braziliensis in the sand fly gut (Soares et al. 2014); 
and sand fly saliva molecules, which could be components of vaccines (de Moura 
et al. 2013) or assays for estimating exposure to species-specific bites (Aires et al. 
2017). Some of these molecular and biochemical findings might not be applicable 
to all vector populations, and so the challenge is to identify when to investigate 
natural variation locally and regionally. For example, immunity to whole sand fly 
saliva can protect against infections of Le. braziliensis (Lu. whitmani) or exacerbate 
them (Lu. intermedia), while a DNA plasmid vaccine of one vector SP (e.g., Linb11 
from Lu. intermedia) can provide more carefully defined protection (de Moura et al. 
2013). However, this research was based on only one wild population of Lu. inter-
media, from Corte de Pedra, Bahia State, where there is evidence of interbreeding 
with Lu. whitmani (Mazzoni et al. 2006), and no population genetics was reported.
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 Other Vectors of Leishmania (Viannia) Species

Lutzomyia (Ny.) umbratilis is the incriminated vector of Le. (Vi.) guyanensis in 
northeastern Amazonia where this parasite frequently infects humans and causes 
“pian bois” (Rangel and Lainson 2009). The population structure of the vector was 
investigated because its abundance at ground level varies seasonally in northeastern 
Amazonian Brazil and French Guiana (Ready et al. 1986); it favours tree-base rest-
ing sites only north of the Amazon River; and ‘pian bois’ is less frequent south of 
the river (Rangel and Lainson 2009). MLEE did not identify any ecological popula-
tion differentiation in northeastern Amazonia (Tibayrenc et al. 1980), but molecular 
research found geographical population differentiation within Brazil.

Based on phylogenetic analysis of 1181 bp of COI, Scarpassa and Alencar (2012) 
found two mtDNA clades of Lu. umbratilis in central Amazonian Brazil, with clade 
I restricted to four populations from north of the Negro and Amazon rivers and clade 
II being restricted to two populations from an area between the two rivers. However, 
the pairwise sequence divergence was much less (1%) than that between either 
clade and the outgroup Lu. (Ny.) anduzei (5.8%). After more widespread sampling 
of Lu. anduzei and phylogenetic analysis of the barcoding region of COI (663 bp) 
from both new and old samples, only the two morphospecies showed pairwise 
genetic distances consistent with intraspecific variation (average 0.8%; range 0.2–
1.4%) and interspecific variation (average 4.4%; range 4.1–4.6%), whereas clades I 
and II of Lu. umbratilis differed by only 0.9–1.0% (Scarpassa and Alencar 2013). A 
phylogenetic analysis of 74 and 67 sequences of COI and Cyt b mtDNA haplotypes, 
respectively, demonstrated no biogeographical variation in the samples of Lu. 
anduzei (Scarpassa et al. 2015).

A phylogenetic analysis of the nuclear lovesong gene cac placed Lu. umbratilis 
(from Manacapuru between the Negro and Amazon rivers) as the nearest neigh-
bour to the sister species Lu. intermedia and Lu. whitmani (from Afonso Cláudio, 
Espírito Santo State where, however, there is gene introgression) (Lins et  al. 
2002). A similar analysis of another nuclear lovesong gene, per, compared Lu. 
umbratilis from Manacapuru with the same species from one of the populations 
north of the Amazon River (Rio Preto da Eva) and a population from near Recife, 
Pernambuco State, in the Northeast region of Brazil and discovered a closer rela-
tionship between the latter two despite their distant geographical locations (de 
Souza Freitas et al. 2016). These results suggest there might be a Lu. umbratilis 
species complex, but this should be confirmed by studying more populations and 
explaining the contradictory result of the extensive mtDNA barcoding. Even if the 
populations from the Manacapuru region turn out to represent a cryptic sibling 
species of Lu. umbratilis, there is no evidence that this species will be character-
sied by the traits of epidemiological significance associated with many popula-
tions south of the Amazon River, for example, from Serra dos Carajás, Pará State 
(Rangel and Lainson 2009). In fact, the contrary is indicated by the genetic simi-
larities between the population from north of the Amazon River and that from 
Northeast Brazil.
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Serra dos Carajás is also the location where Lu. (Ps.) wellcomei was incriminated 
as a vector of Le. (Vi.) braziliensis (Rangel and Lainson 2009). Unfortunately, the 
females of Lu. (Ps.) complexa are morphologically indistinguishable from those of 
Lu. wellcomei, and both species can be abundant in the original disease focus and 
elsewhere in southeastern Amazonia (Ready et al. 1984). This led to searches for 
diagnostic molecular markers for use in field studies to resolve the vectorial roles of 
the two sand flies. Alloenzymes were identified by a population genetics approach, 
but MLEE provided no diagnostic alleles at 16 loci (Ready and Silva 1984). 
Individual females of the two species were successfully separated by cuticular 
hydrocarbon analysis involving the use of gas liquid chromatography and discrimi-
nant function analysis (Ryan et al. 1986) and by dot-blot hybridizations with two 
repetitive DNA probes cloned from males of Lu. wellcomei (Ready et  al. 1991; 
Fig. 1). The latter report provided only the second confirmed infection of Le. brazil-
iensis in Lu. wellcomei, the first arising from rearing male flies from eggs laid by an 
infected wild-caught female (Ryan et al. 1986), and both infections were found in 
Serra dos Carajás. Monoclonal antibodies were later used to identify two serodemes 
of this parasite in four female sand flies of the Squamiventris series of Lutzomyia 
(Psychodopygus) from the nearby municipality of Paragominas where Lu. complexa 
predominated at the time (de Souza et al. 1996).

Other Lutzomyia (Psychodopygus) species have been found infected with 
Leishmania (Viannia) species in Brazil including the widespread Lu. (Ps.) ayrozai, 
Lu. (Ps.) paraensis, Lu. (Ps.) davisi, and Lu. (Ps.) hirsuta (Rangel and Lainson 
2009). The latter two, for example, were found infected with Leishmania (Viannia) 
naiffi in Rondônia (Gil et  al. 2003). In a related subgenus, Lutzomyia 
(Trichophoromyia) ubiquitalis is the incriminated vector of Leishmania (Viannia) 
lainsoni in Amazonia (Rangel and Lainson 2009). Unfortunately, no insights into 
the epidemiological roles of these sand flies have been provided by molecular and 
biochemical research.

Lutzomyia (Migonemyia) migonei is the only other widespread sand fly in Brazil 
that has been incriminated as a vector of Le. braziliensis (Rangel and Lainson 2009), 
but the only molecular reports are on phylogenetic analyses (Lins et  al. 2002; 
Mazzoni et al. 2002; Beati et al. 2004), which place this sand fly outside the subtribe 
Psychodopygina, in which Galati (2003) classifies all the other vectors mentioned 
in this subsection. It has a copulatory courtship song (Vigoder et al. 2010b) and is 
morphologically similar to related species of Migonemyia (Galati et al. 2007).

 New Diagnostic Techniques

 Mass Spectrometry of Proteins

Identification of individual sand flies is possible by using the discriminatory power 
of matrix-assisted laser desorption/ionization time-of-flight mass spectrometry 
(MALDI-TOF MS), which was first trialled for laboratory-bred Phlebotomus 
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(Dvorak et al. 2014) and then refined by using a reference database that included 
laboratory-bred Lu. (Lu.) longipalpis of Brazilian origin and wild-caught Lutzomyia 
(Nyssomyia) trapidoi from Ecuador (Mathias et al. 2015). It can be useful for the 
identification of specific peptides and species identification by non-specialists, but 
it has the disadvantage of characterising phenotypes (not genotypes) that can vary 
because of peptide degradation (e.g., in ethanol), and analysis will often depend on 
centralized systems administered by commercial enterprises.

 Nucleic Acids

Techniques proliferate, and some might well prove useful for sand flies. Checkerboard 
DNA−DNA hybridization was used to estimate the number of bacteria in the mid-
gut of the mosquito Aedes aegypti in Brazil, and one of the infecting species was 
also detected in the midgut of Lu. (Lu.) longipalpis where microbiota can affect 
vector competence (Gaio et al. 2011).

Mild-Vectolysis is a non-destructive technique permitting the isolation of 
genomic DNA without damaging the morphological features of voucher specimens, 
and Giantsis et  al. (2016) demonstrated its ability to provide sufficient DNA for 
barcoding sand flies.

Kocher et al. (2017) explored the possibility of identifying multiple species from 
a single bulk sample through high-throughput DNA metabarcoding, and abundant 
species in French Guiana were successfully detected in ‘vector soup’ by targeting 
mitochondrial 16S rRNA.  The inability to identify less abundant species is a 
drawback.

 Conclusions

Research on species complexes of vectors has provided insights important for tar-
geting control measures, for example, to limit the transmission of malaria by 
Anopheles gambiae s.l. in sub-Saharan Africa (Wiebe et al. 2017), and so it was 
only natural to investigate speciation among the major Brazilian vectors of leish-
maniasis. However, the research in Africa was prompted by knowledge of variation 
in vector behaviour known to influence control (e.g., differences in the duration of 
indoor resting by blood-fed An. gambiae s.s. and Anopheles arabiensis), whereas 
there was no such knowledge for sand flies (Ready 2011). Molecular and biochemi-
cal research carried out on neotropical sand flies in the last 40 years has provided 
fascinating insights into the speciation of Lu. (Lu.) longipalpis as a vector of VL as 
well as Lu. (Ny.) intermedia, Lu. (Ny.) neivai and Lu. (Ny.) whitmani as vectors of 
CL, but this has not been matched by research into polymorphic vector behaviour 
that could be explained by genetic variation. New national and international goals 
are required to achieve this.
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For example, research on the Lu. longipalpis complex was prompted by the aim 
of explaining why high VL incidence is largely restricted to the Northeast region of 
Brazil (Ward et al. 1983), and now it is possible to apply the wealth of recent knowl-
edge about population genetics and pheromones to assess if it is regional variations 
in vector competence, host-seeking, or other behavioural traits that determine high 
transmission rates, or if human life styles and susceptibility to disease are also 
important. The VL elimination programme on the Indian sub-continent provides a 
model for tackling integrated control (Cameron et al. 2016). In Brazil, as on the 
Indian sub-continent, there is inadequate knowledge about which sand fly resting 
sites should be targeted for insecticide control and about the extent of insecticide 
resistance (Alexander et al. 2009). These comments apply also to the vectors of CL, 
and research on all VL and CL vectors requires multilocus typing because of inter-
specific gene flow. Single-lineage typing will rarely be sufficiently informative as 
exemplified by the inadequacy of mtDNA haplotyping for explaining the spatial 
distribution across Brazil of pheromone chemotypes of Lu. longipalpis (Hamilton 
et al. 2005) and the habitat (peri-domestic or silvatic) and host preferences of Lu. 
whitmani (Ready et  al. 1998; Campbell-Llendrum et  al. 1999, 2000). A major 
 challenge will be to decide when to apply multilocus population genetics, which is 
relatively expensive. Its use would be appropriate, for example, to discover the geo-
graphical range over which a salivary peptide could be useful for vaccination or 
estimating the biting rates of a vector on humans and reservoir hosts.
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Regional Distribution and Habitats 
of Brazilian Phlebotomine Species

Gustavo M. de Aguiar and Vanessa R. Vieira

Research on phlebotomine sand-fly fauna (Diptera, Phlebotominae) has been related 
to the diagnosis of diseases or the identification of their vectors involved in the 
transmission of pathogens to humans and other animals in certain regions. It is con-
sidered that, under natural conditions, these insects are distributed in stable and 
balanced communities with the variables of the ecosystem as a whole. Thus, it is 
assumed that the emergence of many epidemic species is directly linked to prob-
lems of human ecology caused by the accidental or planned inhabitation of humans 
into regions where the transmitters are still unknown.

Many studies on the geographic distribution of American sand flies have been 
published, especially in the last three decades when research on this important 
group of insects increased. Most studies, however, were limited to locations where 
these insects had been recorded. Barretto and Pessoa (1946) were the pioneers of 
systematization studies, and Martins and Morales-Farias (1972), Martins et  al. 
(1978), Young and Duncan (1994), and Shimabukuro et al. (2017) carried out con-
clusive studies on American sand flies.

A proposal for the classification of Phlebotominae was presented by Galati 
(2003) who used the cladistics method in her study of American sand flies. Galati 
reclassified New World sand flies into 22 genera.

From >1000 species of sand flies described worldwide, approximately 10% are 
involved in the transmission of diseases to human and other mammals and are there-
fore considered potential vectors of etiological agents of leishmaniasis, arboviruses, 
and Bartonellosis (Rangel and Lainson 2009). From this proportion, 60% occur in 
the neotropical region. In Brazil, 279 species have been described so far, accounting 
for 31% of all species known to occur worldwide.
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Twenty-nine species occur in 5 Brazilian regions: North (N), Northeast (NE), 
Central West (CW), Southeast (SE), and South (S) and therefore are widely 
distributed.

 Species Found in the Five Regions of Brazil

Species Regions

Brumptomyia avellari (Costa Lima, 1932) N, NE, CW, SE, S
Br. brumpti (Larrousse, 1920) N, NE, CW, SE, S
Br. cunhai (Mangabeira, 1942a) N, NE, CW, SE, S
Br. pintoi (Costa Lima, 1932) N, NE, CW, SE, S
Evandromyia bacula (Martins, Falcão & Silva, 1965) N, NE. CW, SE, S
Ev. cortelezzii (Brèthes, 1923) N, NE, CW, SE, S
Ev. evandroi (Costa Lima & Antunes, 1936) N, NE, CW, SE, S
Ev. lenti (Mangabeira, 1938) N, NE, CW, SE, S
Ev. sallesi (Galvão & Coutinho, 1939) N, NE, CW, SE, S
Lutzomyia longipalpis (Lutz & Neiva, 1912) N, NE, CW, SE, S
Micropygomyia longipennis (Barretto, 1946) N, NE, CW, SE, S
Mi. micropyga (Mangabeira, 1942a) N, NE, CW, SE, S
Mi. oswaldoi (Mangabeira, 1942e) N, NE, CW, SE, S
Mi. quinquefer (Dyar, 1929) N, NE, CW, SE, S
Migonomyia migonei (França, 1920) N, NE, CW, SE, S
Nyssomyia intermedia (Lutz & Neiva, 1912) N, NE, CW, SE, S
Ny. whitmani (Antunes & Coutinho, 1939) N, NE, CW, SE, S
Pintomyia christenseni (Young & Duncan, 1994) N, NE, CW, SE, S
Pi. misionensis (Castro, 1959) N, NE, CW, SE, S
Pi. monticola (Costa Lima, 1932) N, NE, CW, SE, S
Psathyromyia aragaoi (Costa Lima, 1932) N, NE, CW, SE, S
Pa. bigeniculata (Floch & Abonnenc, 1941) N, NE, CW, SE, S
Pa. lutziana (Costa Lima, 1932) N, NE, CW, SE, S
Pa. punctigeniculata (Floch & Abonnenc, 1944) N, NE, CW, SE, S
Psychodopygus ayrozai (Barretto & Coutinho, 1940) N, NE, CW, SE, S
Ps. geniculatus (Mangabeira, 1941c) N, NE, CW, SE, S
Ps. hirsutus (Mangabeira, 1942a) N, NE, CW, SE, S
Sciopemyia microps (Mangabeira, 1942a) N, NE, CW, SE, S
Sc. sordellii (Shannon & Del Ponte, 1927) N, NE, CW, SE, S

Another 37 species are also widely distributed and occur in four regions: the CW 
(36 species), the NE (35 species), the SE (34 species), the N (32 species), and the S 
(10 species).
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 Species Found in Four Regions of Brazil

Species Regions

Bichromomyia flaviscutellata (Mangabeira, 1942a) N, NE, CW, SE
Brumptomyia mangabeirai (Barretto & Coutinho, 1941a) N, CW, SE, S
Br. nitzulescui (Costa Lima, 1932) NE, CW, SE, S
Evandromyia bourrouli (Barretto & Coutinho, 1941b) N, NE,CW, SE
Ev. carmelinoi (Ryan, Fraiha, Lainson & Shaw, 1986) N, NE, CW, SE
Ev. corumbaensis (Galati, Nunes, Oshiro & Rego, 1989) N, NE, CW, SE
Ev. infraspinosa (Mangabeira, 1941b) N, NE, CW, SE
Ev. sericea (Floch & Abonnenc, 1944) N, NE, CW, SE
Ev. teratodes (Martins, Falcão & Silva, 1964) N, NE, CW, SE
Ev. termitophila (Martins, Falcão & Silva, 1964) N, NE, CW, SE
Ev. walkeri (Newstead, 1914) N, NE, CW, SE
Martinsmyia oliveirai (Martins, Silva & Falcão, 1970a) N, NE, CW, SE
Micropygomyia peresi (Mangabeira, 1942a) N, NE, CW, SE
Mi. trinidadensis (Newstead, 1922) N, NE, CW, SE
Mi. villelai (Mangabeira, 1942) N, NE, CW, SE
Migonemyia bursiformis (Floch & Abonnenc, 1944) N, NE, CW, SE
Nyssomyia fraihai (Martins, Falcão & Silva, 1979) N, NE, CW, SE
Ny. neivai (Pinto, 1926) N, CW, SE, S
Ny. umbratilis (Ward & Fraiha, 1977) N, NE, CW, S
Pintomyia damascenoi (Mangabeira, 1941d) N, NE, CW, SE
Pi. fischeri (Pinto, 1926) NE, CW, SE, S
Pi. pessoai (Coutinho & Barretto, 1940) NE, CW, SE, S
Pi. serrana (Damasceno & Arouck, 1949) N, NE, CW, SE
Pressatia choti (Floch & Abonnenc, 1941) N, NE, CW, SE
Psathyromyia abonnenci (Floch & Chassignet, 1947) N, NE, CW, S
Pa. barrettoi barrettoi (Mangabeira, 1942a) N, NE, CW, SE
Pa. brasiliensis (Costa Lima, 1932) N, NE, CW, SE
Pa. dendrophyla (Mangabeira, 1942a) N, NE, CW, SE
Pa. hermanlenti (Martins, Silva & Falcão, 1970) N, NE, CW, SE
Pa. lanei (Barretto & Coutinho, 1941) NE, CW, SE, S
Pa. pascalei (Coutinho & Barretto, 1941c) N, NE, SE, S
Psychodopygus carrerai (Barretto, 1946) N, NE, CW, SE
Ps. davisi (Root, 1934) N, NE, CW, SE
Ps. lloydi (Antunes, 1937) NE, SE, CW, S
Ps. paraensis (Costa Lima, 1941) N, NE, CW, SE
Trichophoromyia ubiquitalis (Mangabeira, 1942a) N, NE, CW, SE
Tr. longispina (Mangabeira, 1942d) N, NE, CW, SE

In 3 regions there are 41 species, mainly in the CW (35 species), the N (34 species), 
the NE (31), the SE (16 species), and the S (6 species).
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 Species Found in Three Regions of Brazil

Species Regions

Bichromomyia olmeca nociva (Young & Arias, 1982) N, NE, CW
Brumptomyia galindoi (Fairchild & Hertig, 1947) CW, SE, S
Br. ortizi Martins, Silva & Falcão, 1971b N, SE, S
Br. travassosi (Mangabeira, 1942g) N, NE, SE
Evandromyia edwardsi (Mangabeira, 1941b) NE, SE, S
Ev. monstruosa (Floch & Abonnenc, 1944) N, NE, CW
Ev. pinottii (Damasceno & Arouck, 1956) N, NE, CW
Ev. saulensis (Floch & Abonnenc, 1944) N, NE, CW
Ev. wilsoni (Damasceno & Causey, 1945) N, NE, CW
Expapillata cerradincola (Galati, Nunes, Oshiro & Dorval, 1995) N, CW, SE
Lutzomyia cavernicola (Costa Lima, 1932) N, CW, SE
Lu. cruzi (Mangabeira, 1938) NE, CW, SE
Lu. dispar Martins & Silva , 1963 NE, CW, SE
Lu. gomezi (Nitzulescu, 1931) N, NE, CW
Lu. renei (Martins, Falcão & Silva, 1957) N, CW, SE
Lu. spathotrichia Martins, Falcão & Silva, 1963 N, NE, CW
Micropygomyia acanthopharynx (Martins, Falcão & Silva, 1962) N, CW, SE
Mi. ferreirana (Barretto, Martins & Pellegrino, 1956) CW, SE, S
Mi. pusilla (Dias, Martins, Falcão & Silva, 1986) N, NE, CW
Mi. schreiberi (Martins, Falcão & Silva, 1955) NE, SE, S
Mi. vonatzingeni Galati, 2007 N, CW, SE
Nyssomyia anduzei (Rozeboom, 1942) N, NE, CW
Ny. antunesi (Coutinho, 1939) N, NE, CW
Ny. richardwardi (Ready & Fraiha, 1981) N, NE, CW
Pintomyia nevesi (Damasceno & Arouck, 1956) N, NE, CW
Pressatia triacantha (Mangabeira, 1942c) N, NE, CW
Pr. trispinosa (Mangabeira, 1942a) N, NE, SE
Psathyromyia pelloni (Sherlock & Alencar, 1959) NE, SE, S
Pa. runoides (Fairchild & Hertig, 1953) N, CW, SE
Pa. scaffi (Damasceno & Arouck, 1956) N, NE, CW
Psychodopygus amazonensis (Root, 1934) N, NE, CW
Ps. bispinosus (Fairchild & Hertig, 1951) N, NE, CW
Ps. chagasi (Costa Lima, 1941) N, NE, CW
Ps. claustrei (Abonnenc, Léger & Fauran, 1979) N, NE, CW
Ps. complexus (Mangabeira, 1941c) N, NE, CW
Ps. guyanensis (Floch & Abonnenc, 1941) N, CW, SE
Ps. squamiventris squamiventris (Lutz & Neiva, 1912) N, NE, CW
Ps. wellcomei (Fraiha, Shaw & Lainson, 1971) N, NE, CW
Sciopemyia servulolimai (Damasceno & Causey, 1945) N, NE, CW
Viannamyia furcata (Mangabeira, 1941d) N, NE, CW
Vi. tuberculata (Mangabeira, 1941d) N, NE, CW
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In 2 regions 66 species are listed. The N is more represented (45 species) followed 
by the CW (33 species), the SE 23 species), the  NE (22 species), and the S (9 
species).

 Species Found in Two Regions of Brazil

Species Regions

Bichromomyia inornata (Martins, Falcão & Silva, 1965) N, NE
Bi. olmeca bicolor (Fairchild & Theodor, 1971) N, CW
Brumptomyia bragai (Mangabeira & Sherlock, 1961) NE, SE
Br. cardosoi (Barretto & Coutinho, 1941a) SE, S
Br. figueiredoi Mangabeira & Sherlock, 1961 NE, SE
Br. guimaraesi (Coutinho & Barretto, 1941a) SE, S
Br. pentacantha (Barretto, 1947) N, CW
Br. troglodytes (Lutz, 1922) SE, S
Br. virgensi Mangabeira & Sherlock, 1961 NE, CW
Deanemyia samueli (Deane, 1955) N, NE
Edentomyia piauienses Galati, Andrade-Filho, Silva & Falcão, 2003 N, NE
Evandromyia andersoni (Le Point & Desjeux, 1988) N, CW
Ev. begonae (Ortiz & Torres, 1975) N, CW
Ev. brachyphalla (Mangabeira Fo, 1994) N, NE
Ev. correalimai (Martins, Coutinho & Luz, 1970) SE, S
Ev. costalimai (Mangabeira, 1942a) NE, SE
Ev. dubitans (Sherlock, 1962) N, CW
Ev. tupynambai (Mangabeira, 1942a) NE, SE
Expapillata firmatoi (Barretto, Martins & Pellegrino, 1956) SE, S
Lutzomyia almerioi Galati & Nunes, 1999 CW, SE
Lu. amarali Barretto & Coutinho, 1940 SE, S
Lu. carvalhoi (Damasceno, Causey & Arouck, 1945) N, NE
Lu. evangelistai Martins & Fraiha, 1971 N, CW
Lu. falcata Young, Morales & Ferro, 1994 N, CW
Lu. flabellata Martins & Silva, 1964 N, CW
Lu. ischnacantha Martins, Souza & Falcão, 1962a CW, SE
Lu. lichyi (Floch & Abonnenc, 1950) N, CW
Lu. marinkellei Young, 1979 N, CW
Lu. sherlocki Martins, Silva & Falcão, 1971a N, CW
Martinsmyia alphabetica (Fonseca, 1936) SE, S
Mt. gasparviannai (Martins, Godoy & Silva ,1962b) NE, SE
Mt. minasensis (Mangabeira, 1942a) N, SE
Micropygomyia capixaba (Dias, Falcão, Silva & Martins, 1987) NE, SE
Mi. echinatopharynx Andrade Filho, Galati, Andrade & Falcão, 2004 N, CW
Mi. pilosa (Damasceno & Causey, 1944) N, NE

(continued)
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Species Regions

Mi. rorotaensis (Floch & Abonnenc, 1944) N, NE
Mi. zikani (Barretto, 1950a) N, SE
Migonomyia cerqueirai (Causey & Damasceno, 1945) N, NE
Nyssomyia shawi (Fraiha, Ward & Ready, 1973) N, CW
Ny. urbinattii Galati & Galvis, 2012 N, CW
Pintomyia bianchigalatiae (Andrade Filho, Aguiar, Dias & Falcão, 1999) SE, S
Pi. mamedei (Oliveira, Afonso, Dias & Brazil, 1994) CW, SE
Pi. odax (Fairchild & Hertig, 1961) N, NE
Pi. pacae (Floch & Abonnenc, 1943) N, NE
Pressatia equatorialis (Mangabeira, 1942a) N, SE
Psathyromyia campbelli (Damasceno, Causey & Arouck, 1945) N, CW
Pa. campograndensis (Oliveira, Andrade Filho, Falcão & Brazil, 2001) N, CW
Pa. coutinhoi (Mangabeira, 1942a) N, CW
Pa. dasymera (Fairchild & Hertig, 1961) N, CW
Pa. dreisbachi (Causey & Damasceno, 1945) N, CW
Pa. inflata (Floch & Abonnenc, 1944) N, CW
Pa. limai (Fonseca, 1935) SE, S
Pa. pradobarrientosi (Le Pont, Matias, Martinez & Dujardin, 2004) N, CW
Psychodopygus arthuri (Fonseca, 1936) NE, SE
Ps. corossoniensis (Le Pont & Pajot, 1978) N, NE
Ps. lainsoni (Fraiha & Ward, 1964) N, CW
Ps. llanosmartinsi (Fraiha & Ward, 1980) N, CW
Ps. matosi (Barretto & Zago, 1956) NE, SE
Sciopemyia fluviatilis (Floch & Abonnenc, 1944) N, NE
Trichophoromyia auraensis (Mangabeira, 1942a) N, CW
Th. clitella (Young & Perez, 1994) N, CW
Th. octavioi (Vargas, 1949) N, CW
Th. ruii (Arias & Young, 1982) N, CW
Trichopygomyia dasypodogeton (Castro, 1939) N, CW
Ty. rondonensis (Martins, Falcão & Silva, 1965) N, CW
Ty. trichopyga (Floch & Abonnenc, 1945) N, NE

In 1 region, 106 species were found: 64 species in the N, 23 species in the SE, 11 
species in the CW, 5 species in the NE, and 3 species in the S.

(continued)
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 Species Found in One Region of Brazil

Species Regions

Bichromomyia reducta (Feliciangeli, Ramirez Pérez & Ramirez, 1988) N
Brumptomyia angelae Galati, Santos & Silva, 2007 S
Br. carvalheiroi Shimabukuro, Marassa & Galati 2007 SE
Br. orlandoi Fraiha, Shaw & Lainson, 1970 CW
Br. spinosipes Floch & Abonnenc, 1943 N
De. appendiculata (Martins, Falcão & Silva, 1961) SE
De. derelicta (Freitas & Barrett, 1999) N
De. maruaga (Alves, Freitas & Barret, 2008) N
De. ramirezi (Martins, Falcão, Silva & Miranda, 1982) SE
Evandromyia aldafalcaoae (Santos, Andrade Filho & Honer, 2001) CW
Ev. apurinan Shimabukuro, Figueira & Silva, 2013 N
Ev. bahiensis (Mangabeira & Sherlock, 1961) NE
Ev. callipyga (Martins & Silva, 1965) SE
Ev. gaucha Andrade Filho, Souza & Falcão, 2007 S
Ev. georgii (Freitas & Barrett, 2002) N
Ev. grimaldii Andrade Filho, Pinto, Santos & Carvalho, 2009 SE
Ev. inpai (Young & Arias, 1977) N
Ev. orcyi Oliveira, Sanguinette, Almeida & Andrade Filho, 2015 CW
Ev. petropolitana (Martins & Silva, 1968) SE
Ev. rupicola (Martins, Godoy & Silva, 1962) SE
Ev. sipani (Fernandez, Carbajal, Alexander & Need, 1994) N
Ev. spelunca Carvalho, Brazil, Sanguinette & Andrade Filho, 2011 SE
Ev. tarapacaensis (Le Pont, Torres-Espejo & Galati, 1996) N
Ev. tylophalla Andrade & Galati, 2012 SE
Ev. williamsi (Damasceno, Causey & Arouck, 1945) N
Lutzomyia alencari Martins, Souza & Falcão, 1962 SE
Lu. araracuarensis (Morales & Minter, 1981) N
Lu. caligata Martins, Falcão & Silva, 1965 N
Lu. castroi (Barretto & Coutinho, 1941c) SE
Lu. cruciata (Coquillett, 1907) CW
Lu. cultellata Barrett, Feitas, Albuquerque & Guerrero, 1996 N
Lu. elizabethrangelae Vilela, Azevedo e Godoy, 2015 N
Lu. falquetoi Pinto & Santos, 2007 SE
Lu. forattinii Galati, Rego, Nunes & Teruya, 1985 CW
Lu. gaminarai (Cordero, Vogelsang & Cossio, 1928) S
Lu. ischyracantha Martins, Falcão & Silva, 1962b SE
Lu. souzalopesi Martins, Silva & Falcão, 1970b SE
Martinsmyia brisolai (Le Pont & Desjeux, 1987) CW
Mt. cipoensis (Martins, Falcão & Silva, 1964) SE
Mt. reginae Carvalho, Brazil, Sanguinette & Andrade Filho, 2010 N
Mt. waltoni (Arias, Freitas & Barret, 1984) N
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Species Regions

Micropygomyia breviducta (Barretto, 1950) SE
Mi. cayennensis (Floch & Abonnenc, 1941) N
Mi. chassigneti (Floch & Abonnenc, 1944) N
Mi. mangabeirana (Martins, Falcão & Silva, 1963) N
Mi. petari Galati, Marassá & Andrade, 2003 SE
Migonomyia moucheti (Pajot & Le Pont, 1923) N
Mg. rabelloi (Galati & Gomes, 1992) SE
Mg. vaniae Galati, Fonseca & Marassá, 2007 SE
Ny. delsionatali Galati & Galvis, 2012 CW
Ny. pajoti (Abonnenc, Léger & Fauran, 1979) N
Ny. singularis (Costa Lima, 1932) SE
Ny. sylvicola (Floch & Abonnenc, 1944) N
Pi. gruta (Ryan, 1986) N
Pi. kuscheli (Le Pont, Martinez, Torrez-Espejo, Dujardin, 1998) CW
Pi. naiffi (Freitas & Oliveira, 2013) N
Pi. orestes (Fairchild & Trapido, 1950) NE
Pr. calcarata (Martins & Silva, 1964) N
Pr. duncanae (Le Pont, Martinez, Torrez-Espejo & Dujardin, 1998) N
Pr. dysponeta (Fairchild & Hertig, 1952) CW
Pa. abunaensis (Martins, Falcão & Silva, 1965) N
Pa. baratai Sábio, Andrade & Galati, 2016 SE
Pa. barretti Alves & Freitas, 2015 N
Pa. digitata (Damasceno & Arouck, 1950) NE
Pa. elizabethdorvalae Brilhante, Sábio & Galati, 2017 N
Pa. naftalekatzi (Falcão, Andrade Filho, Almeida, Brandão- Filho, 2000) NE
Pa. pifanoi (Ortiz, 1972) N
Pa. ribeirensis Sábio, Andrade & Galati, 2014 SE
Pa. souzacastroi (Damasceno & Causey, 1944) N
Ps. bernalei (Osorno-Mesa, Morales & Osorno, 1967) N
Ps. douradoi (Fé, Freitas & Barrett, 1998) N
Ps. fairchildi (Barretto, 1966) SE
Ps. leonidasdeanei (Fraiha, Ryan, Ward, Lainson & Shaw, 1987) N
Ps. nicaraguensis (Fairchild & Hertig, 1961) CW
Ps. panamensis (Shannon, 1926) N
Ps. squamiventris maripaensis (Floch & Abonnenc, 1946) N
Ps. yucumensis (Le Pont, Caillard, Tibayrenc & Desjeux, 1986) N
Sc. nematoducta (Young & Arias, 1984) N
Sc. pennyi (Arias & Freitas, 1981) N
Sc. preclara (Young & Arias, 1984) N
Th. adelsonsouzai Santos, Silva, Barata, Andrade & Galati, 2013 N
Th. brachipyga (Mangabeira, 1942a) N
Th. castanheirai (Damasceno, Causey & Arouck, 1945) N
Th. dunhami (Causey & Damasceno, 1945) N
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Species Regions

Th. eurypyga (Martins, Falcão & Silva, 1963) N
Th. flochi (Abonnenc & Chassignet, 1948) N
Th. gibba (Young & Arias, 1994) N
Th. howardi (Young, 1979) CW
Th. ininii (Floch & Abonnenc, 1943) N
Th. lopesi (Damasceno, Causey & Arouck, 1945) N
Th. loretoensis (Llanos, 1964) N
Th. meirai (Causey & Damasceno, 1945) N
Th. melloi (Causey & Damasceno, 1945) N
Th. readyi (Ryan, 1986) N
Th. reinerti (Young & Duncan, 1994) N
Th. rostrans (Summers, 1912) N
Th. ruifreitasi Oliveira, Teles, Medeiros, Camargo & Pessoa, 2015 N
Th. uniniensis Ladeia-Andrade, Fé, Sanguinette & Andrade Filho, 2014 N
Th. viannamartinsi (Sherlock & Guitton, 1970) NE
Ty. conviti (Ramírez, Pérez, Martins & Ramírez, 1976) N
Ty. elegans (Martins, Llanos & Silva, 1976) N
Ty. pinna (Feliciangeli, Ramirez Pérez & Ramirez, 1989) N
Ty. ratcliffei (Arias, Ready & Freitas, 1983) N
Ty. wagleyi (Causey & Damasceno, 1945) N
Vi. caprina (Osorno-Mesa, Morales e Osorno, 1972) N
Vi. fariasi (Damasceno, Causey & Arouck, 1945) N

The N has 204 species, of which 64 are endemic; the CW has 144 species, and 11 
are endemic; the SE has 125 species, with 23 of them being endemic; the NE has 
122 species, and 5 are endemic; and the S has 57 species, and 3 of them are 
endemic.

Brazilian sand flies are listed in Table 1 by region and state. The states with the 
greatest number of species (in parentheses) are listed by region as follows: N: 
Amazonas (141), Pará (135), Rondônia (125), Acre (95), Roraima (83), Tocantins 
(73), and Amapá (70); NE: Maranhão (92), Bahia (60), Pernambuco (41), Ceará 
(28), Piauí (22), Rio Grande do Norte (17), Paraíba (10), Alagoas (9), and Sergipe 
(7); CW: Mato Grosso (127), Mato Grosso do Sul (65), Goiás (56), and Distrito 
Federal (31); SE: Minas Gerais (96), São Paulo (77), Rio de Janeiro (65), and Espírito 
Santo (64); and S: Paraná (54), Rio Grande do Sul (23), and Santa Catarina (17).

Locally distributed species are those known to occupy very restricted areas, 
sometimes only the type locality. As research progresses, the situation tends to 
change with the expansion of the area of dispersion. For example, Lu. cavernicola, 
which for several years was restricted to the type locality, a cave of Maquiné in the 
state of Minas Gerais, was recently captured in other localities of Minas Gerais, 
Goiás, and the state of Tocantins. However, it was always found in calcareous caves.

Discontinuously distributed species are those recorded in places very distant 
from each other. For example, Pa. runoides occurs in Panamá and Costa Rica 
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Table 1 Brazilian phlebotomine species by region and state

Region State Species

N Acre Bi. flaviscutellata Pr. calcarata

Bi. olmeca bicolor Pr. choti

Bi. reducta Pr. duncanae

Br. avellari Pr. triacantha

Br. pentacantha Pa. abonnenci

Ev. andersoni Pa. abunaensis

Ev. bacula Pa. aragaoi

Ev. begonae Pa. bigeniculata

Ev. bourrouli Pa. brasiliensis

Ev. cortelezzii Pa. campbelli

Ev. evandroi Pa. dendrophyla

Ev. georgii Pa. dreisbachi

Ev. infraspinosa Pa. elizabethdorvalae

Ev. monstruosa Pa. lutziana

Ev. sallesi Pa. pradobarrientosi

Ev. saulensis Pa. punctigeniculata

Ev. sericea Pa. runoides

Ev. tarapacaensis Pa. scaffi

Ev. termitophila Ps. amazonensis

Ev. walkeri Ps. ayrozai

Ev. williamsi Ps. bispinosus

Ev. wilsoni Ps. carrerai

Lu. flabellata Ps. chagasi

Lu. gomezi Ps. corossoniensis

Lu. sherlocki Ps. davisi

Mi. acanthopharynx Ps. geniculatus

Mi. longipennis Ps. guyanensis

Mi. micropyga Ps. hirsutus

Mi. peresi Ps. lainsoni

Mi. pilosa Ps. llanosmartinsi

Mi. pusilla Ps. paraensis

Mi. trinidadensis Ps. yucumensis

Mi. villelai Sc. fluviatilis

Mg. migonei Sc. preclara

Ny. anduzei Sc. servulolimai

Ny. antunesi Sc. sordellii

Ny. fraihai Th. auraensis

Ny. richardwardi Th. brachipyga

Ny. shawi Th. flochi

Ny. sylvicola Th. ininii

Ny. umbratilis Th. melloi

Ny. whitmani Th. ruifreitasi
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Table 1 (continued)

Region State Species

Pi. christenseni Th. ubiquitalis

Pi. damascenoi Ty. dasypodogeton

Pi. naiffi Ty. elegans

Pi. nevesi Vi. furcata

Pi. odax Vi. tuberculata

Pi. serrana

Amapá Bi. flaviscutellata Ev. saulensis

Br. cunhai Ev. sericea

Br. travassosi Ev. walkeri

Ev. bourrouli Ev. williamsi

Ev. brachyphalla Lu. carvalhoi

Ev. evandroi Lu. evangelistai

Ev. infraspinosa Lu. gomezi

Ev. inpai Lu. longipalpis

Ev. monstruosa Lu. spathotrichia

N Amapá Mi. chassigneti Pa. campograndensis

Mi. longipennis Pa. dendrophyla

Mi. micropyga Pa. dreisbachi

Mi. oswaldoi Pa. inflata

Mi. pilosa Pa. lutziana

Mi. pusilla Pa. scaffi

Mi. rorotaensis Ps. amazonensis

Mi. trinidadensis Ps. ayrozai

Mg. migonei Ps. bispinosus

Ny. anduzei Ps. chagasi

Ny. antunesi Ps. claustrei

Ny. fraihai Ps. davisi

Ny. pajoti Ps. geniculatus

Ny. richardwardi Ps. guyanensis

Ny. umbratilis Ps. hirsutus

Ny. whitmani Ps. paraensis

Pi. christenseni Ps. squamiventris maripaensis

Pi. damascenoi Ps. squamiventris squamiventris

Pi. pacae Sc. fluviatilis

Pi. serrana Sc. sordellii

Pr. choti Th. brachipyga

Pr. trispinosa Th. ininii

Pa. abonnenci Th. ubiquitalis

Pa. aragaoi Ty. trichopyga

Pa. bigeniculata Vi. furcata

Pa. campbelli Vi. tuberculata
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Table 1 (continued)

Region State Species

Amazonas Bi. flaviscutellata Mi. peresi

Bi. inornata Mi. pilosa

Bi. olmeca bicolor Mi. pusilla

Bi. olmeca nociva Mi. rorotaensis

Bi. reducta Mi. trinidadensis

Br. brumpti Mg. bursiformis

Br. pentacantha Mg. cerqueirai

Br. pintoi Mg. migonei

De. maruaga Mg. moucheti

Ev. andersoni Ny. anduzei

Ev. apurinan Ny. antunesi

Ev. bacula Ny. fraihai

Ev. begonae Ny. pajoti

Ev. bourrouli Ny. richardwardi

Ev. dubitans Ny. shawi

Ev. evandroi Ny. umbratilis

Ev. georgii Ny. whitmani

Ev. infraspinosa Pi. christenseni

Ev. inpai Pi. damascenoi

Ev. monstruosa Pi. pacae

Ev. pinottii Pi. serrana

Ev. saulensis Pr. choti

Ev. sericea Pr. triacantha

Ev. sipani Pr. trispinosa

Ev. tarapacaensis Pa. abonnenci

Ev. walkeri Pa. abunaensis

Ev. williamsi Pa. aragaoi

Ev. wilsoni Pa. barretti

Lu. araracuarensis Pa. barrettoi barrettoi

Lu. caligata Pa. bigeniculata

Lu. cultellata Pa. brasiliensis

Lu. evangelistai Pa. campbelli

Lu. falcata Pa. campograndensis

Lu. flabellata Pa. coutinhoi

Lu. gomezi Pa. dasymera

Lu. marinkellei Pa. dendrophyla

Lu. sherlocki Pa. dreisbachi

Lu. spathotrichia Pa. inflata

Mt. oliveirai Pa. lutziana

Mi. cayennensis cayennensis Pa. pifanoi

Mi. chassigneti Pa. punctigeniculata

Mi. longipennis Pa. runoides
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Table 1 (continued)

Region State Species

Mi. micropyga Pa. scaffi

N Amazonas Pa. souzacastroi Th. castanheirai

Ps. amazonensis Th. dunhami

Ps. ayrozai Th. eurypyga

Ps. bernalei Th. flochi

Ps. bispinosus Th. gibba

Ps. carrerai Th. ininii

Ps. chagasi Th. lopesi

Ps. claustrei Th. meirai

Ps. complexus Th. melloi

Ps. corossoniensis Th. octavioi

Ps. davisi Th. readyi

Ps. douradoi Th. rostrans

Ps. geniculatus Th. ruii

Ps. guyanensis Th. ubiquitalis

Ps. hirsutus Th. uniniensis

Ps. llanosmartinsi Ty. conviti

Ps. paraensis Ty. dasypodogeton

Ps. squamiventris 
maripaensis

Ty. longispina

Ps. squamiventris 
squamiventris

Ty. pinna

Ps. wellcomei Ty. ratcliffei

Sc. fluviatilis Ty. rondonensis

Sc. nematoducta Ty. trichopyga

Sc. pennyi Ty. wagleyi

Sc. preclara Vi. caprina

Sc. servulolimai Vi. fariasi

Sc. sordellii Vi. furcata

Th. auraensis Vi. tuberculata

Th. brachipyga

Pará Bi. flaviscutellata Mi. cayennensis cayennensis

Bi. olmeca bicolor Mi. longipennis

Bi. olmeca nociva Mi. mangabeirana

Br. avellari Mi. micropyga

Br. brumpti Mi. oswaldoi

Br. cunhai Mi. peresi

Br. mangabeirai Mi. pilosa

Br. ortizi Mi. pusilla

Br. pentacantha Mi. rorotaensis

Br. pintoi Mi. trinidadensis

Br. spinosipes Mi. villelai
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Table 1 (continued)

Region State Species

Br. travassosi Mi. vonatzingeni

De. derelicta Mi. zikani

De. samueli Mg. bursiformis

Ed. piauienses Mg. cerqueirai

Ev. baculaa Mg. migonei

Ev. begonae Ny. anduzei

Ev. bourrouli Ny. antunesi

Ev. brachyphalla Ny. intermedia

Ev. carmelinoi Ny. fraihai

Ev. dubitans Ny. neivai

Ev. evandroi Ny. pajoti

Ev. georgii Ny. richardwardi

Ev. infraspinosa Ny. shawi

Ev. inpai Ny. sylvicola

Ev. lenti Ny. umbratilis

Ev. monstruosa Ny. urbinattii

Ev. pinottii Ny. whitmani

Ev. saulensis Pi. christenseni

Ev. sericea Pi. damascenoi

Ev. tarapacaensis Pi. gruta

Ev. termitophila Pi. monticola

Ev. walkeri Pi. nevesi

Ev. williamsi Pi. pacae

Lu. carvalhoi Pi. serrana

Lu. evangelistai Pr. choti

Lu. gomezi Pr. equatorialis

Lu. longipalpis Pr. triacantha

Lu. sherlocki Pr. trispinosa

Lu. spathotrichia Pa. abonnenci

Mt. oliveirai Pa. aragaoi

N Pará Pa. barrettoi barrettoi Ps. paraensis

Pa. bigeniculata Ps. squamiventris maripaensis

Pa. brasiliensis Ps. squamiventris squamiventris

Pa. campbelli Ps. wellcomei

Pa. coutinhoi Sc. fluviatilis

Pa. dendrophyla Sc. microps

Pa. dreisbachi Sc. servulolimai

Pa. hermanlenti Sc. sordellii

Pa. inflata Th. adelsonsouzai

Pa. lutziana Th. auraensis

Pa. pifanoi Th. brachipyga
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Table 1 (continued)

Region State Species

Pa. punctigeniculata Th. castanheirai

Pa. scaffi Th. eurypyga

Ps. amazonensis Th. melloi

Ps. ayrozai Th. octavioi

Ps. bispinosus Th. readyi

Ps. carrerai Th. reinerti

Ps. chagasi Th. ruii

Ps. claustrei Th. ubiquitalis

Ps. complexus Ty. dasypodogeton

Ps. corossoniensis Ty. longispina

Ps. davisi Ty. rondonensis

Ps. geniculatus Ty. trichopyga

Ps. guyanensis Vi. fariasi

Ps. hirsutus Vi. furcata

Ps. lainsoni Vi. tuberculata

Ps. leonidasdeanei

Rondônia Bi. flaviscutellata Mi. oswaldoi

Bi. inornata Mi. peresi

Bi. olmeca nociva Mi. pilosa

Bi. reducta Mi. pusilla

Br. avellari Mi. rorotaensis

Br. brumpti Mi. trinidadensis

Br. cunhai Mi. villelai

Br. pentacantha Mg. cerqueirai

Br. pintoi Mg. migonei

Br. travassosi Ny. anduzei

Ev. bacula Ny. antunesi

Ev. begonae Ny. fraihai

Ev. bourrouli Ny. pajoti

Ev. brachyphalla Ny. richardwardi

Ev. evandroi Ny. shawi

Ev. georgii Ny. umbratilis

Ev. infraspinosa Ny. whitmani

Ev. inpai Pi. christenseni

Ev. lenti Pi. damascenoi

Ev. monstruosa Pi. gruta

Ev. pinottii Pi. nevesi

Ev. saulensis Pi. odax

Ev. sericea Pi. pacae

Ev. tarapacaensis Pi. serrana

Ev. termitophila Pr. calcarata

Ev. walkeri Pr. choti
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Table 1 (continued)

Region State Species

Ev. williamsi Pr. triacantha

Ev. wilsoni Pr. trispinosa

Lu. caligata Pa. abonnenci

Lu. carvalhoi Pa. abunaensis

Lu. evangelistai Pa. aragaoi

Lu. flabellata Pa. barrettoi barrettoi

Lu. gomezi Pa. bigeniculata

Lu. longipalpis Pa. brasiliensis

Lu. marinkellei Pa. campbelli

Lu. sherlocki Pa. coutinhoi

Lu. spathotrichia Pa. dasymera

Mt. waltoni Pa. dendrophyla

Mi. acanthopharynx Pa. dreisbachi

Mi. cayennensis cayennensis Pa. inflata

Mi. longipennis Pa. lutziana

Mi. micropyga Pa. punctigeniculata

N Rondônia Pa. runoides Sc. servulolimai

Pa. scaffi Sc. sordellii

Ps. amazonensis Th. auraensis

Ps. ayrozai Th. brachipyga

Ps. bispinosus Th. castanheirai

Ps. carrerai Th. clitella

Ps. chagasi Th. eurypyga

Ps. claustrei Th. flochi

Ps. complexus Th. loretoensis

Ps. corossoniensis Th. melloi

Ps. davisi Th. octavioi

Ps. geniculatus Th. readyi

Ps. hirsutus Th. ruii

Ps. lainsoni Th. ubiquitalis

Ps. leonidasdeanei Ty. dasypodogeton

Ps. llanosmartinsi Ty. longispina

Ps. paraensis Ty. rondonensis

Ps. squamiventris 
squamiventris

Ty. trichopyga

Ps. wellcomei Vi. furcata

Ps. yucumensis Vi. tuberculata

Sc. fluviatilis

Roraima Bi. flaviscutellata Pi. pacae

Bi. olmeca bicolor Pi. serrana

Br. avellari Pr. choti

Br. pintoi Pr. triacantha
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Table 1 (continued)

Region State Species

Br. spinosipes Pr. trispinosa

Br. travassosi Pa. abonnenci

Ev. begonae Pa. aragaoi

Ev. carmelinoi Pa. barrettoi barrettoi

Ev. dubitans Pa. bigeniculata

Ev. evandroi Pa. brasiliensis

Ev. georgii Pa. campbelli

Ev. infraspinosa Pa. campograndensis

Ev. inpai Pa. dendrophyla

Ev. monstruosa Pa. dreisbachi

Ev. saulensis Pa. lutziana

Ev. sericea Pa. punctigeniculata

Ev. walkeri Pa. runoides

Ev. williamsi Pa. scaffi

Lu. gomezi Ps. amazonensis

Lu. lichyi Ps. ayrozai

Lu. longipalpis Ps. carrerai

Lu. sherlocki Ps. chagasi

Lu. spathotrichia Ps. claustrei

Mt. oliveirai Ps. davisi

Mt. waltoni Ps. hirsutus

Mi. cayennensis cayennensis Ps. panamensis

Mi. longipennis Ps. paraensis

Mi. mangabeirana Ps. squamiventris maripaensis

Mi. micropyga Ps. squamiventris squamiventris

Mi. peresi Sc. sordellii

Mi. pusilla Th. brachipyga

Mi. rorotaensis Th. eurypyga

Mi. trinidadensis Th. octavioi

Mg. bursiformis Th. ruii

Ny. anduzei Th. ubiquitalis

Ny. antunesi Ty. dasypodogeton

Ny. fraihai Ty. longispina

Ny. richardwardi Ty. pinna

Ny. umbratilis Ty. trichopyga

Ny. whitmani Vi. furcata

Pi. christenseni Vi. tuberculata

Pi. damascenoi

Tocantins Bi. flaviscutellata Ev. brachyphalla

Br. avellari Ev. carmelinoi

Br. brumpti Ev. cortelezzii
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Table 1 (continued)

Region State Species

Ev. bacula Ev. corumbaensis

Ev. begonae Ev. evandroi

Ev. bourrouli Ev. lenti

N Tocantins Ev. pinottii Ny. whitmani

Ev. sallesi Pi. christenseni

Ev. saulensis Pi. damascenoi

Ev. teratodes Pi. misionensis

Ev. termitophila Pr. choti

Ev. walkeri Pa. abonnenci

Ex. cerradincola Pa. aragaoi

Lu. cavernicola Pa. bigeniculata

Lu. elizabethrangelae Pa. brasiliensis

Lu. gomezi Pa. campbelli

Lu. longipalpis Pa. dasymera

Lu. renei Pa. dendrophyla

Lu. sherlocki Pa. dreisbachi

Mt. minasensis Pa. hermanlenti

Mt. oliveirai Pa. lutziana

Mt. reginae Pa. pascalei

Mi. acanthopharynx Pa. punctigeniculata

Mi. echinatopharynx Pa. runoides

Mi. longipennis Ps. ayrozai

Mi. micropyga Ps. claustrei

Mi. oswaldoi Ps. complexus

Mi. peresi Ps. davisi

Mi. quinquefer Ps. hirsutus

Mi. rorotaensis Ps. llanosmartinsi

Mi. trinidadensis Ps. paraensis

Mi. villelai Sc. microps

Mi. vonatzingeni Sc. sordellii

Mg. migonei Ty. dasypodogeton,

Ny. antunesi Vi. furcata

Ny. intermedia Vi. tuberculata

Ny. richardwardi

NE Alagoas Ev. evandroi Mg. migonei

Ev. lenti Ny. intermedia

Ev. termitophila Ny. whitmani

Lu. longipalpis Pa. brasiliensis

Mi. quinquefer

Bahia Bi. flaviscutellata Ny. intermedia

Br. avellari Ny. whitmani

Br. bragai Pi. damascenoi
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Table 1 (continued)

Region State Species

Br. cunhai Pi. fischeri

Br. figueiredoi Pi. misionensis

Br. virgensi Pi. monticola

Ev. bahiensis Pi. pessoai

Ev. cortelezzii Pi. serrana

Ev. costalimai Pr. choti

Ev. edwardsi Pa. aragaoi

Ev. evandroi Pa. barrettoi barrettoi

Ev. lenti Pa. bigeniculata

Ev. sallesi Pa. brasiliensis

Ev. sericea Pa. digitata

Ev. termitophila Pa. lanei

Ev. tupynambai Pa. lutziana

Lu. gomezi Pa. pascalei

Lu. longipalpis Pa. pelloni

Mt. gasparviannai Ps. ayrozai

Mi. capixaba Ps. bispinosus

Mi. oswaldoi Ps. carrerai

Mi. peresi Ps. davisi

Mi. quinquefer Ps. hirsutus

Mi. schreiberi Ps. matosi

Mi. trinidadensis Sc. microps

Mi. villelai Th. viannamartinsi

Mg. cerqueirai Ty. longispina

Mg. migonei Ty. trichopyga

Ny. anduzei Vi. furcata

Ny. fraihai Vi. tuberculata

Ceará Bi. flaviscutellata Ev. evandroi

De. samueli Ev. lenti

Ev. cortelezzii Ev. sallesi

NE Ceará Ev. saulensis Mg. bursiformis

Ev. sericea Mg. migonei

Ev. walkeri Ny. umbratilis

Lu. cruzi Ny. whitmani

Lu. longipalpis Pi. fischeri

Mi. oswaldoi Pa. bigeniculata

Mi. peresi Pa. brasiliensis

Mi. quinquefer Pa. abonnenci

Mi. schreiberi Ps. wellcomei

Mi. trinidadensis Sc. servulolimai

Mi. villelai Sc. sordellii

Maranhão Bi. flaviscutellata Ny. intermedia

(continued)
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Table 1 (continued)

Region State Species

Bi. inornata Ny. richardwardi

Bi. olmeca nociva Ny. umbratilis

Br. avellari Ny. whitmani

Br. brumpti Pi. christenseni

Br. pintoi Pi. damascenoi

Br. travassosi Pi. nevesi

De. samueli Pi. odax

Ev. bacula Pi. orestes

Ev. bourrouli Pi. pacae

Ev. brachyphalla Pi. serrana

Ev. carmelinoi Pr. choti

Ev. cortelezzii Pr. triacantha

Ev. corumbaensis Pr. trispinosa

Ev. edwardsi Pa. abonnenci

Ev. evandroi Pa. aragaoi

Ev. infraspinosa Pa. bigeniculata

Ev. lenti Pa. brasiliensis

Ev. monstruosa Pa. dendrophyla

Ev. pinottii Pa. hermanlenti

Ev. sallesi Pa. lutziana

Ev. saulensis Pa. punctigeniculata

Ev. teratodes Pa. scaffi

Ev. termitophila Ps. amazonensis

Ev. walkeri Ps. arthuri

Ev. wilsoni Ps. ayrozai

Lu. carvalhoi Ps. carrerai

Lu. dispar Ps. chagasi

Lu. gomezi Ps. claustrei

Lu. longipalpis Ps. complexus

Lu. spathotrichia Ps. corossoniensis

Mt. oliveirai Ps. davisi

Mi. longipennis Ps. geniculatus

Mi. micropyga Ps. hirsutus

Mi. oswaldoi Ps. lloydi

Mi. peresi Ps. paraensis

Mi. pilosa Ps. squamiventris squamiventris

Mi. pusilla Ps. wellcomei

Mi. quinquefer Sc. fluviatilis

Mi. rorotaensis Sc. microps

Mi. trinidadensis Sc. servulolimai

Mi. villelai Sc. sordellii

(continued)
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Table 1 (continued)

Region State Species

Mg. bursiformis Th. ubiquitalis

Mg. migonei Th. viannamartinsi

Ny. anduzei Vi. furcata

Ny. antunesi Vi. tuberculata

Paraíba Ev. evandroi Mi. schreiberi

Ev. lenti Mg. migonei

Ev. tupynambai Ny. intermedia

Ev. walkeri Ny. whitmani

Lu. longipalpis Pa. bigeniculata

Pernambuco Bi. flaviscutellata Ev. walkeri

Br. nitzulescui Lu. longipalpis

Ev. cortelezzii Mi. capixaba

Ev. evandroi Mi. micropyga

Ev. lenti Mi. oswaldoi

Ev. sallesi Mi. peresi

Ev. tupynambai Mi. quinquefer

NE Pernambuco Mi. schreiberi Ps. amazonensis

Mi. villelai Ps. ayrozai

Mg. migonei Ps. claustrei

Ny. intermedia Ps. complexus

Ny. umbratilis Ps. squamiventris squamiventris

Ny. whitmani Ps. wellcomei

Pi. fischeri Sc. fluviatilis

Pr. choti Sc. servulolimai

Pa. abonnenci Sc. sordellii

Pa. aragaoi Th. viannamartinsi

Pa. barrettoi barrettoi Ty. longispina

Pa. bigeniculata Vi. furcata

Pa. brasiliensis Vi. tuberculata

Pa. naftalekatzi

Piauí Br. avellari Mt. oliveirai

De. samueli Mi. oswaldoi

Ed. piauienses Mi. peresi

Ev. carmelinoi Mi. quinquefer

Ev. evandroi Mi. rorotaensis

Ev. lenti Mi. villelai

Ev. saulensis Mg. bursiformis

Ev. termitophila Ny. intermedia

Ev. walkeri Ny. whitmani

Lu. dispar Pa. bigeniculata

(continued)
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Table 1 (continued)

Region State Species

Lu. longipalpis Sc. sordellii

Rio Grande do 
Norte

De. samueli Mi. quinquefer

Ev. evandroi Mi. trinidadensis

Ev. lenti Mi. villelai

Ev. sallesi Mg. migonei

Ev. walkeri Ny. intermedia

Lu. longipalpis Ny. whitmani

Mi. capixaba Ps. wellcomei

Mi. oswaldoi Sc. sordellii

Mi. peresi

Sergipe Ev. lenti Ny. intermedia

Ev. sallesi Ny. whitmani

Lu. longipalpis Pr. choti

Mi. villelai

CW Distrito Federal Bi. flaviscutellata Ny. intermedia

Br. avellari Ny. neivai

Br. pintoi Ny. whitmani

Ev. bacula Pi. christenseni

Ev. bourrouli Pi. fischeri

Ev. corumbaensis Pi. kuscheli

Ev. evandroi Pi. monticola

Ev. lenti Pa. aragaoi

Ev. sallesi Pa. bigeniculata

Ev. saulensis Pa. brasiliensis

Ev. teratodes Pa. lutziana

Ev. termitophila Pa. pradobarrientosi

Lu. ischnacantha Ps. davisi

Lu. longipalpis Sc. servulolimai

Mi. acanthopharynx Sc. sordellii

Mi. longipennis

Goiás Bi. flaviscutellata Ev. walkeri

Br. avellari Ex. firmatoi

Br. pintoi Lu. cavernicola

Ev. bacula Lu. cruzi

Ev. bourrouli Lu. dispar

Ev. carmelinoi Lu. gomezi

Ev. cortelezzii Lu. longipalpis

Ev. corumbaensis Lu. renei

Ev. evandroi Mt. oliveirai

Ev. lenti Mi. acanthopharynx

Ev. monstruosa Mi. longipennis

(continued)
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Table 1 (continued)

Region State Species

Ev. sallesi Mi. micropyga

Ev. saulensis Mi. oswaldoi

Ev. teratodes Mi. peresi

Ev. termitophila Mi. quinquefer

CW Goiás Mi. trinidadensis Pa. abonnenci

Mi. villelai Pa. aragaoi

Mg. bursiformis Pa. barrettoi barrettoi

Mg. migonei Pa. bigeniculata

Ny. intermedia Pa. brasiliensis

Ny. neivai Pa. campbelli

Ny. whitmani Pa. hermanlenti

Pi. christenseni Pa. lutziana

Pi. damascenoi Pa. punctigeniculata

Pi. fischeri Ps. davisi

Pi. misionensis Ps. lainsoni

Pi. monticola Ps. squamiventris squamiventris

Pi. pessoai Sc. sordellii

Mato Grosso Bi. flaviscutellata Mi. trinidadensis

Bi. olmeca bicolor Mi. villelai

Bi. olmeca nociva Mg. bursiformis

Br. avellari Mg. migonei

Br. brumpti Ny. anduzei

Br. cunhai Ny. antunesi

Br. mangabeirai Ny. delsionatali

Br. nitzulescui Ny. fraihai

Br. orlandoi Ny. intermedia

Br. pentacantha Ny. richardwardi

Br. pintoi Ny. shawi

Ev. aldafalcaoae Ny. umbratilis

Ev. andersoni Ny. urbinattii

Ev. bacula Ny. whitmani

Ev. begonae Pi. christenseni

Ev. bourrouli Pi. damascenoi

Ev. carmelinoi Pi. fischeri

Ev. cortelezzii Pi. nevesi

Ev. corumbaensis Pi. serrana

Ev. dubitans Pr. choti

Ev. evandroi Pr. dysponeta

Ev. infraspinosa Pr. triacantha

Ev. lenti Pa. abonnenci

Ev. monstruosa Pa. abunaensis

(continued)
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Table 1 (continued)

Region State Species

Ev. pinottii Pa. aragaoi

Ev. sallesi Pa. barrettoi barrettoi

Ev. saulensis Pa. bigeniculata

Ev. sericea Pa. brasiliensis

Ev. teratodes Pa. campbelli

Ev. termitophila Pa. campograndensis

Ev. walkeri Pa. coutinhoi

Ev. wilsoni Pa. dasymera

Ex. cerradincola Pa. dendrophyla

Lu. cruciata Pa. dreisbachi

Lu. cruzi Pa. hermanlenti

Lu. dispar Pa. inflata

Lu. evangelistai Pa. lutziana

Lu. falcata Pa. pradobarrientosi

Lu. flabellata Pa. punctigeniculata

Lu. gomezi Pa. runoides

Lu. lichyi Pa. scaffi

Lu. longipalpis Ps. amazonensis

Lu. marinkellei Ps. ayrozai

Lu. sherlocki Ps. bispinosus

Lu. spathotrichia Ps. carrerai

Mt. brisolai Ps. chagasi

Mt. oliveirai Ps. claustrei

Mi. acanthopharynx Ps. complexus

Mi. echinatopharynx Ps. davisi

Mi. ferreirana Ps. geniculatus

Mi. longipennis Ps. guyanensis

Mi. micropyga Ps. hirsutus

Mi. oswaldoi Ps. lainsoni

Mi. peresi Ps. llanosmartinsi

Mi. pusilla Ps. nicaraguensis

Mi. quinquefer Ps. paraensis

CW Mato Grosso Ps. wellcomei Th. ruii

Sc. microps Th. ubiquitalis

Sc. servulolimai Ty. dasypodogeton

Sc. sordellii Ty. longispina

Th. auraensis Ty. rondonensis

Th. clitella Vi. furcata

Th. howardi Vi. tuberculata

Th. octavioi

Mato Grosso  
do Sul

Bi. flaviscutellata Mi. pusilla

(continued)
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Table 1 (continued)

Region State Species

Br. avellari Mi. quinquefer

Br. brumpti Mi. villelai

Br. cunhai Mi. vonatzingeni

Br. galindoi Mg. bursiformis

Br. nitzulescui Mg. migonei

Br. pintoi Ny. antunesi

Ev. aldafalcaoae Ny. intermedia

Ev. bourrouli Ny. neivai

Ev. carmelinoi Ny. whitmani

Ev. cortelezzii Pi. christenseni

Ev. corumbaensis Pi. damascenoi

Ev. evandroi Pi. fischeri

Ev. lenti Pi. kuscheli

Ev. orcyi Pi. mamedei

Ev. sallesi Pi. misionensis

Ev. saulensis Pi. monticola

Ev. teratodes Pi. pessoai

Ev. termitophila Pa. aragaoi

Ev. walkeri Pa. bigeniculata

Ex. cerradincola Pa. brasiliensis

Lu. almerioi Pa. campbelli

Lu. cruzi Pa. campograndensis

Lu. dispar Pa. hermanlenti

Lu. forattinii Pa. lanei

Lu. longipalpis Pa. lutziana

Lu. renei Pa. punctigeniculata

Mt. oliveirai Ps. claustrei

Mi. acanthopharynx Ps. davisi

Mi. ferreirana Ps. lloydi

Mi. longipennis Sc. sordellii

Mi. oswaldoi Vi. furcata

Mi. peresi

SE Espírito Santo Bi. flaviscutellata Mi. breviducta

Br. avellari Mi. capixaba

Br. bragai Mi. ferreirana

Br. cardosoi Mi. quinquefer

Br. cunhai Mi. schreiberi

Br. figueiredoi Mi. zikani

Br. guimaraesi Mg. migonei

Br. nitzulescui Ny. fraihai

Br. troglodytes Ny. intermedia

Ev. callipyga Ny. whitmani

(continued)
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Table 1 (continued)

Region State Species

Ev. cortelezzii Pi. bianchigalatiae

Ev. costalimai Pi. damascenoi

Ev. edwardsi Pi. fischeri

Ev. evandroi Pi. mamedei

Ev. grimaldii Pi. misionensis

Ev. lenti Pi. monticola

Ev. petropolitana Pi. pessoai

Ev. sallesi Pi. serrana

Ev. sericea Pr. choti

Ev. termitophila Pr. equatorialis

Ev. tupynambai Pa. barrettoi barrettoi

Ex. firmatoi Pa. bigeniculata

Lu. alencari Pa. lanei

Lu. amarali Pa. limai

Lu. falquetoi Pa. lutziana

Lu. longipalpis Pa. pascalei

Lu. souzalopesi Pa. pelloni

Mt. gasparviannai Ps. ayrozai

SE Espírito Santo Ps. davisi Ps. matosi

Ps. fairchildi Sc. microps

Ps. geniculatus Sc. sordellii

Ps. hirsutus Ty. longispina

Minas Gerais Bi. flaviscutellata Mi. ferreirana

Br. avellari Mi. longipennis

Br. brumpti Mi. micropyga

Br. cardosoi Mi. oswaldoi

Br. cunhai Mi. peresi

Br. guimaraesi Mi. quinquefer

Br. mangabeirai Mi. schreiberi

Br. nitzulescui Mi. trinidadensis

Br. ortizi Mi. villelai

Br. pintoi Mi. vonatzingeni

Br. travassosi Mg. migonei

Br. troglodytes Ny. intermedia

De. appendiculata Ny. neivai

De. ramirezi Ny. whitmani

Ev. bacula Pi. bianchigalatiae

Ev. callipyga Pi. christenseni

Ev. carmelinoi Pi. damascenoi

Ev. cortelezzii Pi. fischeri

Ev. corumbaensis Pi. mamedei

Ev. costalimai Pi. misionensis
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Table 1 (continued)

Region State Species

Ev. edwardsi Pi. monticola

Ev. evandroi Pi. pessoai

Ev. lenti Pi. serrana

Ev. petropolitana Pr. choti

Ev. rupicola Pr. equatorialis

Ev. sallesi Pa. aragaoi

Ev. spelunca Pa. baratai

Ev. teratodes Pa. barrettoi barrettoi

Ev. termitophila Pa. bigeniculata

Ev. tupynambai Pa. brasiliensis

Ev. tylophalla Pa. dendrophyla

Ev. walkeri Pa. hermanlenti

Ex. cerradincola Pa. lanei

Ex. firmatoi Pa. limai

Lu. alencari Pa. lutziana

Lu. amarali Pa. pascalei

Lu. cavernicola Pa. pelloni

Lu. ischnacantha Pa. runoides

Lu. ischyracantha Ps. ayrozai

Lu. longipalpis Ps. carrerai

Lu. renei Ps. davisi

Mt. cipoensis Ps. fairchildi

Mt. gasparviannai Ps. hirsutus

Mt. minasensis Ps. lloydi

Mt. oliveirai Ps. matosi

Mi. acanthopharynx Sc. microps

Mi. breviducta Sc. sordellii

Mi. capixaba Ty. longispina

Rio de Janeiro Bi. flaviscutellata Ev. tupynambai

Br. avellari Ev. walkeri

Br. brumpti Ex. firmatoi

Br. cardosoi Lu. alencari

Br. cunhai Lu. amarali

Br. guimaraesi Lu. ischyracantha

Br. nitzulescui Lu. longipalpis

Br. pintoi Mt. gasparviannai

Br. troglodytes Mt. minasensis

Ev. cortelezzii Mi. capixaba

Ev. costalimai Mi. ferreirana

Ev. edwardsi Mi. longipennis

Ev. lenti Mi. micropyga

Ev. petropolitana Mi. oswaldoi

(continued)
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Table 1 (continued)

Region State Species

Ev. rupicola Mi. peresi

Ev. sallesi Mi. quinquefer

Ev. termitophila Mi. schreiberi

SE Rio de Janeiro Mg. migonei Pa. pascalei

Ny. intermedia Pa. pelloni

Ny. whitmani Ps. arthuri

Pi. bianchigalatiae Ps. ayrozai

Pi. fischeri Ps. carrerai

Pi. mamedei Ps. davisi

Pi. misionensis Ps. fairchildi

Pi. monticola Ps. geniculatus

Pi. pessoai Ps. hirsutus

Pi. serrana Ps. lloydi

Pa. aragaoi Ps. matosi

Pa. barrettoi barrettoi Ps. paraensis

Pa. bigeniculata Sc. microps

Pa. brasiliensis Sc. sordellii

Pa. lanei Ty. longispina

Pa. lutziana

São Paulo Bi. flaviscutellata Mg. migonei

Br. avellari Mg. rabelloi

Br. bragai Mg. vaniae

Br. brumpti Ny. fraihai

Br. cardosoi Ny. intermedia

Br. carvalheiroi Ny. neivai

Br. cunhai Ny. singularis

Br. galindoi Ny. whitmani

Br. guimaraesi Pi. bianchigalatiae

Br. mangabeirai Pi. christenseni

Br. nitzulescui Pi. fischeri

Br. ortizi Pi. misionensis

Br. pintoi Pi. monticola

Br. troglodytes Pi. pessoai

Ev. bourrouli Pi. serrana

Ev. carmelinoi Pr. choti

Ev. correalimai Pr. trispinosa

Ev. cortelezzii Pa. aragaoi

Ev. edwardsi Pa. baratai

Ev. lenti Pa. barrettoi barrettoi

Ev. petropolitana Pa. bigeniculata

Ev. rupicola Pa. brasiliensis

Ev. sallesi Pa. hermanlenti
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Table 1 (continued)

Region State Species

Ev. termitophila Pa. lanei

Ex. firmatoi Pa. limai

Lu. alencari Pa. lutziana

Lu. almerioi Pa. pascalei

Lu. amarali Pa. pelloni

Lu. castroi Pa. punctigeniculata

Lu. dispar Pa. ribeirensis

Lu. longipalpis Ps. arthuri

Mt. alphabetica Ps. ayrozai

Mi. ferreirana Ps. geniculatus

Mi. longipennis Ps. guyanensis

Mi. micropyga Ps. hirsutus

Mi. petari Ps. lloydi

Mi. quinquefer Sc. microps

Mi. schreiberi Sc. sordellii

Mg. bursiformis

S Paraná Br. angelae Ev. edwardsi

Br. avellari Ev. evandroi

Br. brumpti Ev. lenti

Br. cardosoi Ev. sallesi

Br. Cunhai Ex. firmatoi

Br. galindoi Lu. amarali

Br. guimaraesi Lu. gaminarai

Br. mangabeirai Lu. longipalpis

Br. nitzulescui Mt. alphabetica

Br. ortizi Mi. ferreirana

Br. troglodytes Mi. longipennis

Ev. bacula Mi. micropyga

Ev. correalimai Mi. oswaldoi

Ev. cortelezzii Mi. quinquefer

S Paraná Mg. migonei Pa. baratai

Ny. intermedia Pa. bigeniculata

Ny. neivai Pa. lanei

Ny. umbratilis Pa. limai

Ny. whitmani Pa. lutziana

Pi. bianchigalatiae Pa. pascalei

Pi. christenseni Pa. pelloni

Pi. fischeri Pa. punctigeniculata

Pi. misionensis Ps. ayrozai

Pi. monticola Ps. geniculatus

Pi. pessoai Ps. hirsutus

Pa. abonnenci Ps. lloydi
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(Fairchild and Hertig 1959) and Rondônia, which is on the border of Brazil with 
Bolívia (Martins et al. 1965), and in the CW and SE regions. The reason for discon-
tinuity may be associated with the lack of more systematized investigations in the 
intermediate regions.

Food preferences of sand flies are also predominant factors that directly influ-
ence their dispersion. Species of the genus Brumptomyia, in their totality, suck the 
blood of armadillos (Dasypodidae) and are always found in armidillo burrows and 
only incidentally outside of them. Thus, it can be said that where armidillos do not 
occur, there are no representatives of the genus.

Table 1 (continued)

Region State Species

Pa. aragaoi Sc. sordellii

Rio Grande do 
Sul

Br. cunhai Mg. migonei

Br. nitzulescui Ny. intermedia

Br. pintoi Ny. neivai

Ev. correalimai Ny. whitmani

Ev. cortelezzii Pi. fischeri

Ev. gaucha Pi. misionensis

Ex. firmatoi Pi. monticola

Lu. gaminarai Pi. pessoai

Lu. longipalpis Pa. bigeniculata

Mt. alphabetica Pa. lanei

Mi. ferreirana Pa. pascalei

Mi. schreiberi

Santa Catarina Br. brumpti Pi. fischeri

Br. nitzulescui Pi. monticola

Br. troglodytes Pi. pessoai

Ev. edwardsi Pa. bigeniculata

Ex. firmatoi Pa. lanei

Mt. alphabetica Pa. pelloni

Mg. migonei Ps. ayrozai

Ny. intermedia Sc. microps

Ny. neivai

Genus Bichromomyia Artemiev, 1991; Brumptomyia França & Parrot, 1921; Deanemyia Galati, 
1995; Edentomyia Galati, Andrade Filho, Silva & Falcão, 2003; Evandromyia Mangabeira, 1941; 
Expapillata Galati, 1995; Lutzomyia França, 1924; Martinsmyia Galati, 1995; Micropygomyia 
Barretto, 1962; Migonemyia Galati, 1995; Nyssomyia Barretto, 1962; Pintomyia Costa Lima, 
1932; Pressatia Mangabeira, 1942; Psathyromyia Barretto, 1962; Psychodopygus Mangabeira, 
1941; Sciopemyia Barretto, 1962; Trichophoromyia Barretto, 1962; Trichopygomyia Barretto, 
1962; Viannamyia Mangabeira, 1941
Bi. – Bichromomyia, Br. – Brumptomyia, De. – Deanemyia, Ed. – Edentomyia, Ev. – Evandromyia, 
Ex. – Expapillata, Lu. – Lutzomyia, Mt. – Martinsmyia, Mi. – Micropygomyia, Mg. – Migonemyia, 
Ny. – Nyssomyia, Pi. – Pintomyia, Pr. – Pressatia, Pa. – Psathyromyia, Ps. – Psychodopygus, 
Sc. – Sciopemyia, Th. – Trichophoromyia, Ty. – Trichopygomyia, Vi. – Viannamyia
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In short, the more specialized the species, the smaller its range of dispersion and 
the greater its dependence on habitats that are equally specialized. In contrast, the 
more generalized the species, the greater its range, particularly by way of its adapta-
tion to less specialized or more diversified habitats.

 Habitats of the Brazilian Phlebotomine Species

Sand flies belong to the order Diptera (Psychodidae, Phlebotominae), and, like most 
Diptera, they are holometabolous insects. The immature forms inhabit terrestrial 
habitat, developing in places rich in decomposing organic matter, especially that of 
a vegetal nature. They have cryptozoic habits and are sensitive to changes in tem-
perature and humidity, with a predominantly twilight activity and/or nocturnal 
period, when they leave their shelters to feed themselves. Males and females feed on 
carbohydrates, especially nectars and aphid secretions, but only females are hema-
tophagous, which is the precondition for the maturation of their ovaries, with some 
species being suitable for the spread of pathogens (Brazil and Brazil 2003).

Sand flies occur essentially in wild environments. However, some vector species 
are adapting to deforested areas and places of human habitation as well as occupy-
ing urban environments and peripheries of large cities. The adaptation of these vec-
tors to new habitats, especially those environmentally impacted, indicates a new 
scenario of transmission of leishmaniasis (Rangel and Vilela 2008; Carvalho et al. 
2014).

The types of shelters used by adult sand flies vary according to microhabitat, 
season, relative humidity, and species. Due to their thin coating, they shelter in 
places where they can protect themselves from sudden changes in the environment. 
Thus, they take refuge in places with good moisture content, decomposing organic 
matter, little or no light, and air movement, that is, in places that protect them from 
desiccation. Proper refuge spots in particular are fallen leaves in the forest soil, bur-
rows of wild animals, trunks of trees and tabular roots, hollows of trees, crevices in 
rocks, and caves, etc. In anthropic environments, artificial shelters include shaded 
and damp areas and shelters for domestic animals such as chicken coops, pigpens, 
corrals, and others (Aguiar and Vilela 1987; Brazil and Brazil 2003).

To determine the microclimate factors important for sand-fly shelters, Scorza 
et al. (1968a, 1968b, 1968c) studied the habits of several species of sand flies in the 
ecotypes of the rainforest zone of Venezuela. The investigators concluded that, dur-
ing the dry season, the temperature in the shelters is greater than that of the external 
environment, and it increases during the rainy season. The relative humidity in the 
shelters, both in the rainy and dry seasons, is always greater than that of the external 
environment. Another important factor is that, although temperature changes are 
gradual, the increase in relative humidity is abrupt. Thus, although the temperature 
remains stable throughout the year, the relative humidity undergoes major changes, 
which would lead—according to the investigators—to the appearance of sand flies. 
The relative humidity of the air is therefore the determining factor for the mainte-
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nance of these insects in their shelters. The survival of the immature forms in these 
biotopes during the dry season causes the emergence of adults during the first rains 
because of the increased humidity. Finally, temperature influences the survival of 
both the immature and adult forms with the temperature being stable in the shelters, 
remaining increased during the dry season, and decreasing during the rainy 
season.

Depending more on the microclimate from places—such as burrows, tree hol-
lows, caves and cracks in rocks—than on the general climatic conditions of the 
region, certain sand-fly species can overcome efficient barriers to other groups of 
animals and thereby bind fauna of different zoogeographic regions (Lewis 1965). 
For example, Br. pintoi occurs, like all species of the genus Brumptomyia, in arma-
dillo (Dasypodidae) burrows in zones of permanently flooded forest and low alti-
tudes, e.g., the states of Pará and Amazonas. It also occurs in savannas with 
prolonged droughts and at altitudes of 1000 m, e.g., the state of Minas Gerais.

Most sand-fly species inhabit the Hylian Amazon forests, which are divided into 
three types: “terra firme,” “igapó,” and “várzea.” These forests occupy about 40% of 
the Brazilian territorial area representing an area of 3.5 million km2. In addition to 
forests of various types, the Hylian Amazon forests are formed of fields and savannas.

In the state of Amapá, on the island of Marajó, and on other islands throughout 
the Amazonian plain with no forest area, dense herbaceous vegetation occurs, espe-
cially tall grasses able to withstand periodic floods.

Savannas in the Amazon forest occur as “islands” of savanoid vegetation distrib-
uted in four lines: (1) the first follows the coast and the savannas of Marajó and is 
considered the most important; (2) the second line is along the lower Amazonas 
river in the state of Pará; (3) the third is located between the upper courses of the Jari 
and Trombetas rivers and has the same physiognomy of savannas of Central Brazil 
but differing in floristic composition; and (4) the fourth line is located in the fields 
and savannas in the south of the states of Pará and Amazonas, the mid-Tapajós river, 
and between the Purus and Madeira rivers.

North Eastern “caatinga” vegetation extends throughout the states of Maranhão, 
Piauí, Ceará, Rio Grande do Norte, Paraíba, Pernambuco, Sergipe, Alagoas, Bahia, 
and certain parts of northern Minas Gerais and occupies around 11% of the national 
territory.

The fields of the Brazilian Central Plateau—especially the savannas of Minas 
Gerais, Tocantins, Goiás, and Mato Grosso, which occupy “islands of vegetation” in 
the Amazon and “tabuleiro” vegetation in the NE region—cover an area of approxi-
mately 23% of the Brazilian territory.

The Atlantic Forests extend along the Brazilian coast, from north to south, in a 
band that goes inland depending on the location, especially the relief. Great 
anthropic action decreased the forest to only 6% across its range from Rio Grande 
do Norte to Rio Grande do Sul. In the South region, fields and woods of various 
types, including Araucaria of temperate character, predominate. This vegetation 
covers 14% of the national territory.

The remaining 6% of the Brazilian vegetation includes the palm tree forests of 
Maranhão, Piauí, and Ceará; the Mato Grosso Pantanal wetland; the mangroves, 
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dunes, and “restingas” of almost all the coast; the rupestrian fields from some the 
sierras of Minas Gerais and Goiás; the continental aquatic vegetation (fresh water); 
and the vegetation of the marshes.

The rainforest offers the widest variety of shelters and is therefore the site of the 
largest number of sand flies. Shelters that become excessively moist are abandoned. 
However, they can be re-occupied when conditions become favourable again.

The forest soil is home to many species of sand flies including Psychodopygus 
ayrozai, Bichromomyia flaviscutellata, Bi. olmeca bicolor, and Bi. olmeca nociva. 
These and other species are also found in shrubs and plants, especially when the 
forest floor becomes too moist.

A great number of sand flies is wild and only infest humans and domestic ani-
mals when they penetrate the forest or when houses are near. Some species, how-
ever, live in association with humans and their domestic animals; however, contrary 
to the behaviour of some Culicidae, sand flies cannot yet be considered fully domi-
ciled. Two factors influence the domiciliation process of these insects: the habitat 
modifications by humans and the adaptive power of the species to the new environ-
ment (Aguiar et al. 2014; Vieira et al. 2015).

Anthropic environmental changes have led to substantial alterations in the profile 
of sand-fly fauna, thus allowing greater adaptation of these insects to the human 
environment. This has caused some species to disappear, whereas others adapt to 
the new circumstances as represented by residual forests or cultivated areas, prox-
imity to human homes, in rural areas, or on the outskirts of urban areas with or 
without rural characteristics (Rangel and Lainson 2009; Aguiar et al. 2014). The use 
of insecticides, in addition to the proportion of the species in relation to dominance, 
is also an altering factor in the biodiversity of sand-fly fauna and the size of the 
population (Teodoro et al. 1999).

Barretto (1943) divided sand-fly species into three categories: (1) wild: living in 
forests or in non-forest regions but only accidentally found associated with humans 
and domestic animals; (2) semi-domestic: living outside human and domestic ani-
mal habitations and only seeking these to obtain blood repast; and (3) domestic: 
living in association with humans and domestic animals inside or near dwellings.

All Brazilian sand flies are listed in alphabetical order in Table 2, which also 
highlights their main habitats and regions of occurrence. Species marked with an 
asterisk are involved in the transmission of leishmaniasis to humans and animals.

1. Fallen leaves in forest soil 2. Armadillo burrows N - North
3. Burrows of other wild animals 4. Tree trunks and tabular 

roots
NE - Northeast

5. Tree hollows 6. Treetops CW - Central 
West

7. Crevices in rocks 8. Caves SE - Southeast
9. Forest without specified location 10. Marginal areas S - South
11. Annexes of domestic animals (chicken 

coops, pigpens, corrals etc.)
12. Outer and inner walls of 

human dwellings
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Table 2 Brazilian phlebotomine species, main habitats and regions of occurrence

Species
Habitats

Regions1 2 3 4 5 6 7 8 9 10 11 12

Bi. flaviscutellata (Mangabeira 1942a)* • • • • • N, NE, 
CW, SE

Bi. inornata (Martins, Falcão & Silva, 1965) • • N, NE
Bi. olmeca bicolor (Fairchild & Theodor, 
1971)*

• • • N, CW

Bi. olmeca nociva (Young & Arias, 1982)* • N, NE, 
CW

Bi. reducta (Feliciangeli, Ramirez Pérez & 
Ramirez, 1988)

• N

Br. angelae Galati, Santos & Silva, 2007 • S
Br. avellari (Costa Lima, 1932) • • • • • • N, NE, 

CW, SE, 
S

Br. bragai (Mangabeira & Sherlock, 1961) • NE, SE
Br. brumpti (Larrousse, 1920) • • • • • • N, NE, 

CW, SE, 
S

Br. cardosoi (Barretto & Coutinho, 1941a) • SE, S
Br. carvalheiroi Shimabukuro, Marassa & 
Galati 2007

• SE

Br. cunhai (Mangabeira, 1942a) • • • N, NE, 
CW, SE, 
S

Br. figueiredoi Mangabeira & Sherlock, 1961 • NE, SE
Br. galindoi (Fairchild & Hertig, 1947) • • • • CW, SE, 

S
Br. guimaraesi (Coutinho & Barretto, 1941a) • • • • SE, S
Br. mangabeirai (Barretto & Coutinho, 1941a) • • N, CW, 

SE, S
Br. nitzulescui (Costa Lima, 1932) • • NE, CW, 

SE, S
Br. orlandoi Fraiha, Shaw & Lainson, 1970 • CW
Br. ortizi Martins, Silva & Falcão, 1971b • N, SE, S
Br. pentacantha (Barretto, 1947) • • N, CW
Br. pintoi (Costa Lima, 1932) • • • N, NE, 

CW, SE, 
S

Br. spinosipes Floch & Abonnenc, 1943 • N
Br. travassosi (Mangabeira 1942g) • • N, NE, 

SE
Br. troglodytes (Lutz, 1922) • • • SE, S
Br. virgensi Mangabeira & Sherlock, 1961 • NE, CW
De. appendiculata (Martins, Falcão & Silva, 
1961)

• • SE

(continued)

G. M. de Aguiar and V. R. Vieira



285

Table 2 (continued)

Species
Habitats

Regions1 2 3 4 5 6 7 8 9 10 11 12

De. derelicta (Freitas & Barrett, 1999) • • N
De. maruaga (Alves, Freitas & Barret, 2008) • N
De. ramirezi (Martins, Falcão, Silva & 
Miranda, 1982)

• SE

De. samueli (Deane, 1955) • • N, NE
Edentomyia piauienses Galati, Andrade- Filho, 
Silva & Falcão, 2003

• N, NE

Ev. aldafalcaoae (Santos, Andrade Filho & 
Honer, 2001)

• CW

Ev. andersoni (Le Point & Desjeux, 1988) • N, CW
Ev. apurinan Shimabukuro, Figueira & Silva, 
2013

• N

Ev. bacula (Martins, Falcão & Silva, 1965) • • • • N, 
NE. CW, 
SE, S

Ev. bahiensis (Mangabeira & Sherlock, 1961) • • • • NE
Ev. begonae (Ortiz & Torres, 1975) • • • N, CW
Ev. bourrouli (Barretto & Coutinho, 1941b) • • N, NE, 

CW, SE
Ev. brachyphalla (Mangabeira Fo, 1994) • N, NE
Ev. callipyga (Martins & Silva , 1965) • • SE
Ev. carmelinoi (Ryan, Fraiha, Lainson & Shaw, 
1986)

• • • N, NE, 
CW, SE

Ev. correalimai (Martins, Coutinho & Luz , 
1970)

• • SE, S

Ev. cortelezzii (Brèthes, 1923) • • • • • N, NE, 
CW, SE, 
S

Ev. corumbaensis (Galati, Nunes, Oshiro & 
Rego, 1989)

• • • • N, NE, 
CW, SE

Ev. costalimai (Mangabeira, 1942a) • • • • NE, SE
Ev. dubitans (Sherlock, 1962) • • • • N, CW
Ev. edwardsi (Mangabeira, 1941b) • • • NE, SE, 

S
Ev. evandroi (Costa Lima & Antunes, 1936) • N, NE, 

CW, SE, 
S

Ev. gaucha Andrade Filho, Souza & Falcão, 
2007

• S

Ev. georgii (Freitas & Barrett, 2002) • N
Ev. grimaldii Andrade Filho, Pinto, Santos & 
Carvalho, 2009

• SE

(continued)
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Table 2 (continued)

Species
Habitats

Regions1 2 3 4 5 6 7 8 9 10 11 12

Ev. infraspinosa (Mangabeira, 1941b) • • • • N, NE, 
CW, SE

Ev. inpai (Young & Arias, 1977) • N
Ev. lenti (Mangabeira, 1938) • • • • N, NE, 

CW, SE, 
S

Ev. monstruosa (Floch & Abonnenc, 1944) • • • • N, NE, 
CW

Ev. orcyi Oliveira, Sanguinette, Almeida & 
Andrade Filho, 2015

• CW

Ev. petropolitana (Martins & Silva, 1968) • • • SE
Ev. pinottii (Damasceno & Arouck, 1956) • • N, NE, 

CW
Ev. rupicola (Martins, Godoy & Silva, 1962) • SE
Ev. sallesi (Galvão & Coutinho, 1939) • • • • • • N, NE, 

CW, SE, 
S

Ev. saulensis (Floch & Abonnenc, 1944) • • N, NE, 
CW

Ev. sericea (Floch & Abonnenc, 1944) • N, NE, 
CW, SE

Ev. sipani (Fernandez, Carbajal, Alexander & 
Need, 1994)

• • N

Ev. spelunca Carvalho, Brazil, Sanguinette & 
Andrade Filho, 2011

• SE

Ev. tarapacaensis (Le Pont, Torres- Espejo & 
Galati, 1996)

• N

Ev. teratodes (Martins, Falcão & Silva, 1964) • N, NE, 
CW, SE

Ev. termitophila (Martins, Falcão & Silva, 
1964)

• • • • N, NE, 
CW, SE

Ev. tupynambai (Mangabeira, 1942a) • • • • NE, SE
Ev. tylophalla Andrade & Galati, 2012 • SE
Ev. walkeri (Newstead, 1914) • • • N, NE, 

CW, SE
Ev. williamsi (Damasceno, Causey & Arouck, 
1945)

• N

Ev. wilsoni (Damasceno & Causey, 1945) • • N, NE, 
CW

Ex. cerradincola (Galati, Nunes, Oshiro & 
Dorval, 1995)

• N, CW, 
SE

Ex. firmatoi (Barretto, Martins & Pellegrino, 
1956)

• • • SE, S

Lu. alencari Martins, Souza & Falcão, 1962 • SE
Lu. almerioi Galati & Nunes, 1999 • • CW, SE
Lu. amarali Barretto & Coutinho, 1940 • • SE, S

(continued)
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Table 2 (continued)

Species
Habitats

Regions1 2 3 4 5 6 7 8 9 10 11 12

Lu. araracuarensis (Morales & Minter, 1981) • N
Lu. caligata Martins, Falcão & Silva, 1965 • N
Lu. carvalhoi (Damasceno, Causey & Arouck, 
1945)

• N, NE

Lu. castroi (Barretto & Coutinho, 1941c) • SE
Lu. cavernicola (Costa Lima, 1932) • • N, CW, 

SE
Lu. cruciata (Coquillett, 1907) • • CW
Lu. cruzi (Mangabeira, 1938)* • • • • NE, CW, 

SE
Lu. cultellata Barrett, Feitas, Albuquerque & 
Guerrero, 1996

• N

Lu. dispar Martins & Silva , 1963 • • NE, CW, 
SE

Lu. elizabethrangelae Vilela, Azevedo e 
Godoy, 2015

• N

Lu. evangelistai Martins & Fraiha, 1971 • N, CW
Lu. falcata Young, Morales & Ferro, 1994 • • N, CW
Lu. falquetoi Pinto & Santos, 2007 • SE
Lu. flabellata Martins & Silva, 1964 • N, CW
Lu. forattinii Galati, Rego, Nunes & Teruya, 
1985

• • • • CW

Lu. gaminarai (Cordero, Vogelsang & Cossio, 
1928)

• S

Lu. gomezi (Nitzulescu, 1931)* • • • • • • N, NE, 
CW

Lu. ischnacantha Martins, Souza & Falcão, 
1962a

• • CW, SE

Lu. ischyracantha Martins, Falcão & Silva, 
1962b

• SE

Lu. lichyi (Floch & Abonnenc, 1950) • • • N, CW
Lu. longipalpis (Lutz & Neiva, 1912)* • • • • • • • N, NE, 

CW, SE, 
S

Lu. marinkellei Young, 1979 • N, CW
Lu. renei (Martins, Falcão & Silva, 1957) • • N, CW, 

SE
Lu. sherlocki Martins, Silva & Falcão, 1971a • N, CW
Lu. souzalopesi Martins, Silva & Falcão, 
1970b

• SE

Lu. spathotrichia Martins, Falcão & Silva, 
1963

• • N, NE, 
CW

Mt. alphabetica (Fonseca, 1936) • • SE, S
Mt. brisolai (Le Pont & Desjeux, 1987) • CW

(continued)
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Table 2 (continued)

Species
Habitats

Regions1 2 3 4 5 6 7 8 9 10 11 12

Mt. Cipoensis (Martins, Falcão & Silva, 1964) • SE
Mt. Gasparviannai (Martins, Godoy & Silva 
,1962b)

• NE, SE

Mt. Minasensis (Mangabeira, 1942a) • N, SE
Mt. Oliveirai (Martins, Silva & Falcão, 1970a) • • • N, NE, 

CW, SE
Mt. Reginae Carvalho, Brazil, Sanguinette & 
Andrade Filho, 2010

• N

Mt. Waltoni (Arias, Freitas & Barret, 1984) • N
Mi. acanthopharynx (Martins, Falcão & Silva, 
1962)

• • • N, CW, 
SE

Mi. breviducta (Barretto, 1950) • SE
Mi. capixaba (Dias, Falcão, Silva & Martins, 
1987)

• • NE, SE

Mi. cayennensis (Floch & Abonnenc, 1941) • • • N
Mi. chassigneti (Floch & Abonnenc, 1944) • N
Mi. echinatopharynx Andrade Filho, Galati, 
Andrade & Falcão, 2004

• N, CW

Mi. ferreirana (Barretto, Martins & Pellegrino, 
1956)

• • • • • CW, SE, 
S

Mi. longipennis (Barretto, 1946) • • N, NE, 
CW, SE, 
S

Mi. mangabeirana (Martins, Falcão & Silva, 
1963)

• • • N

Mi. micropyga (Mangabeira, 1942a) • • • • • N, NE, 
CW, SE, 
S

Mi. oswaldoi (Mangabeira, 1942e) • • • • N, NE, 
CW, SE, 
S

Mi. peresi (Mangabeira, 1942a) • • • • • • • • N, NE, 
CW, SE

Mi. petari Galati, Marassá & Andrade, 2003 • SE
Mi. pilosa (Damasceno & Causey, 1944) • • • N, NE
Mi. pusilla (Dias, Martins, Falcão & Silva, 
1986)

• N, NE, 
CW

Mi. quinquefer (Dyar, 1929) • • • • • N, NE, 
CW, SE, 
S

Mi. rorotaensis (Floch & Abonnenc, 1944) • N, NE
Mi. schreiberi (Martins, Falcão & Silva ,1955) • • • • NE, SE, 

S
Mi. trinidadensis (Newstead, 1922) • • • • N, NE, 

CW, SE

(continued)
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Table 2 (continued)

Species
Habitats

Regions1 2 3 4 5 6 7 8 9 10 11 12

Mi. villelai (Mangabeira, 1942) • • • • • N, NE, 
CW, SE

Mi. vonatzingeni Galati, 2007 • N, CW, 
SE

Mi. zikani (Barretto, 1950a) • N, SE
Mg. bursiformis (Floch & Abonnenc, 1944) • • • N, NE, 

CW, SE
Mg. cerqueirai (Causey & Damasceno, 1945) • • • • N, NE
Mg. migonei (França, 1920)* • • • • • • N, NE, 

CW, SE, 
S

Mg. moucheti (Pajot & Le Pont, 1923 ) • N
Mg. rabelloi (Galati & Gomes, 1992) • • SE
Mg.vaniae Galati, Fonseca & Marassá, 2007 • • • • SE
Nyssomyia anduzei (Rozeboom, 1942)* • • • N, NE, 

CW
Ny. antunesi (Coutinho, 1939)* • • • • • • N, NE, 

CW
Ny. delsionatali Galati & Galvis, 2012 • CW
Ny. fraihai (Martins, Falcão & Silva, 1979) • • • • N, NE, 

CW, SE
Ny. intermedia (Lutz & Neiva, 1912)* • • • • N, NE, 

CW, SE, 
S

Ny. neivai (Pinto, 1926)* • • • • • N, CW, 
SE, S

Ny. pajoti (Abonnenc, Léger & Fauran, 1979) • N
Ny. richardwardi (Ready & Fraiha, 1981) • • N, NE, 

CW
Ny. shawi (Fraiha, Ward & Ready, 1973) • N, CW
Ny. singularis (Costa Lima, 1932) • SE
Ny. sylvicola (Floch & Abonnenc, 1944) • N
Ny. umbratilis (Ward & Fraiha, 1977)* • • N, NE, 

CW, S
Ny. urbinattii Galati & Galvis, 2012 • • N, CW
Ny. whitmani (Antunes & Coutinho, 1939)* • • • • • • N, NE, 

CW, SE, 
S

Pi. bianchigalatiae (Andrade Filho, Aguiar, 
Dias & Falcão, 1999)

• • • SE, S

Pi. christenseni (Young & Duncan ,1994) • • N, NE, 
CW, SE, 
S

Pi. damascenoi (Mangabeira, 1941d) • • • N, NE, 
CW, SE

(continued)
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Table 2 (continued)

Species
Habitats

Regions1 2 3 4 5 6 7 8 9 10 11 12

Pi. fischeri (Pinto, 1926)* • • • • • • NE, CW, 
SE, S

Pi. gruta (Ryan, 1986) • • N
Pi. kuscheli (Le Pont, Martinez, Torrez-Espejo, 
Dujardin, 1998)

• CW

Pi. mamedei (Oliveira, Afonso, Dias & Brazil, 
1994)

• CW, SE

Pi. misionensis (Castro, 1959) • • N, NE, 
CW, SE, 
S

Pi. monticola (Costa Lima, 1932) • • • • • N, NE, 
CW, SE, 
S

Pi. naiffi (Freitas & Oliveira, 2013) • N
Pi. nevesi (Damasceno & Arouck, 1956) • • N, NE, 

CW
Pi. odax (Fairchild & Hertig, 1961) • N, NE
Pi. orestes (Fairchild & Trapido, 1950) • NE
Pi. pacae (Floch & Abonnenc, 1943) • N, NE
Pi. pessoai (Coutinho & Barretto, 1940)* • • • • • • NE, CW, 

SE, S
Pi. serrana (Damasceno & Arouck, 1949) • • • • • • N, NE, 

CW, SE
Pressatia calcarata (Martins & Silva, 1964) • N
Pr. choti (Floch & Abonnenc, 1941) • • • • • N, NE, 

CW, SE
Pr. duncanae (Le Pont, Martinez, Torrez-
Espejo & Dujardin, 1998)

• N

Pr. dysponeta (Fairchild & Hertig, 1952) • CW
Pr. equatorialis (Mangabeira, 1942a) • • • • N, SE
Pr. triacantha (Mangabeira, 1942c) • • • N, NE, 

CW
Pr. trispinosa (Mangabeira, 1942a) • • • N, NE, 

SE
Pa. abonnenci (Floch & Chassignet, 1947) • N, NE, 

CW, S
Pa. abunaensis (Martins, Falcão & Silva, 1965) • • N
Pa. aragaoi (Costa Lima, 1932) • • • N, NE, 

CW, SE, 
S

Pa. baratai Sábio, Andrade & Galati, 2016 • SE
Pa. barretti Alves & Freitas, 2015 • N
Pa. barrettoi barrettoi (Mangabeira, 1942a) • • N, NE, 

CW, SE

(continued)
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Table 2 (continued)

Species
Habitats

Regions1 2 3 4 5 6 7 8 9 10 11 12

Pa. bigeniculata (Floch & Abonnenc, 1941) • • • • • • • N, NE, 
CW, SE, 
S

Pa. brasiliensis (Costa Lima, 1932) • • • N, NE, 
CW, SE

Pa. campbelli (Damasceno, Causey & Arouck, 
1945)

• N, CW

Pa. campograndensis (Oliveira, Andrade Filho, 
Falcão & Brazil, 2001)

• N, CW

Pa. coutinhoi (Mangabeira, 1942a) • • • N, CW
Pa. dasymera (Fairchild & Hertig, 1961) • • N, CW
Pa. dendrophyla (Mangabeira, 1942a) • • • • N, NE, 

CW, SE
Pa. digitata (Damasceno & Arouck, 1950) • NE
Pa. dreisbachi (Causey & Damasceno, 1945) • • • • N, CW
Pa. elizabethdorvalae Brilhante, Sábio & 
Galati, 2017

• • N

Pa. hermanlenti (Martins, Silva & Falcão, 
1970)

• • • N, NE, 
CW, SE

Pa. inflata (Floch & Abonnenc, 1944) • • N, CW
Pa. lanei (Barretto & Coutinho, 1941) • • • • NE, CW, 

SE, S
Pa. lutziana (Costa Lima, 1932) • • • • N, NE, 

CW, SE, 
S

Pa. naftalekatzi (Falcão, Andrade Filho, 
Almeida, Brandão-Filho, 2000)

• NE

Pa. pascalei (Coutinho & Barretto, 1941c) • • N, NE, 
SE, S

Pa. pelloni (Sherlock & Alencar, 1959) • • NE, SE, 
S

Pa. limai (Fonseca, 1935) • • SE, S
Pa. pifanoi (Ortiz, 1972) • N
Pa. pradobarrientosi (Le Pont, Matias, 
Martinez & Dujardin, 2004)

• N, CW

Pa. punctigeniculata (Floch & Abonnenc, 
1944)

• • • N, NE, 
CW, SE, 
S

Pa. ribeirensis Sabio, Andrade & Galati, 2014 • SE
Pa. runoides (Fairchild & Hertig, 1953) • • • N, CW, 

SE
Pa. scaffi (Damasceno & Arouck, 1956) • N, NE, 

CW
Pa. souzacastroi (Damasceno & Causey, 1944) • • N

(continued)
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Table 2 (continued)

Species
Habitats

Regions1 2 3 4 5 6 7 8 9 10 11 12

Psychodopygus amazonensis (Root, 1934) • • • N, NE, 
CW

Ps. arthuri (Fonseca, 1936) • • • NE, SE
Ps. ayrozai (Barretto & Coutinho, 1940)* • • • N, NE, 

CW, SE, 
S

Ps. bernalei (Osorno-Mesa, Morales & 
Osorno, 1967)

• N

Ps. bispinosus (Fairchild & Hertig, 1951) • N, NE, 
CW

Ps. carrerai (Barretto, 1946) • • N, NE, 
CW, SE

Ps. chagasi (Costa Lima, 1941) • • N, NE, 
CW

Ps. claustrei (Abonnenc, Léger & Fauran, 
1979)

• • N, NE, 
CW

Ps. complexus (Mangabeira, 1941c)* • • N, NE, 
CW

Ps. corossoniensis (Le Pont & Pajot, 1978) • N, NE
Ps. davisi (Root, 1934) • • • • • • N, NE, 

CW, SE
Ps. douradoi (Fé, Freitas & Barrett, 1998) • N
Ps. fairchildi (Barretto, 1966) • SE
Ps. geniculatus (Mangabeira, 1941c) • • • N, NE, 

CW, SE, 
S

Ps. guyanensis (Floch & Abonnenc, 1941) • • • N, CW, 
SE

Ps. hirsutus (Mangabeira, 1942a) • • • • N, NE, 
CW, SE, 
S

Ps. lainsoni (Fraiha & Ward, 1964) • N, CW
Ps. leonidasdeanei (Fraiha, Ryan, Ward, 
Lainson & Shaw, 1987)

• N

Ps. llanosmartinsi (Fraiha & Ward, 1980) • N, CW
Ps. lloydi (Antunes, 1937) • • • • NE, SE, 

CW, S
Ps. matosi (Barretto & Zago, 1956) • • • NE, SE
Ps. nicaraguensis (Fairchild & Hertig, 1961) • CW
Ps. panamensis (Shannon, 1926) • N
Ps. paraensis (Costa Lima, 1941)* • • N, NE, 

CW, SE
Ps. squamiventris maripaensis (Floch & 
Abonnenc, 1946)

• N

(continued)
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Table 2 (continued)

Species
Habitats

Regions1 2 3 4 5 6 7 8 9 10 11 12

Ps. squamiventris squamiventris (Lutz & 
Neiva, 1912)*

• • • N, NE, 
CW

Ps. wellcomei (Fraiha, Shaw & Lainson, 
1971)*

• N, NE, 
CW

Ps. yucumensis (Le Pont, Caillard, Tibayrenc 
& Desjeux, 1986)

• N

Sc. fluviatilis (Floch & Abonnenc, 1944) • • N, NE
Sc. microps (Mangabeira, 1942a) • • • • N, NE, 

CW, SE, 
S

Sc. nematoducta (Young & Arias, 1984) • N
Sc. pennyi (Arias & Freitas, 1981) • N
Sc. preclara (Young & Arias, 1984) • N
Sc. servulolimai (Damasceno & Causey, 1945) • • N, NE, 

CW
Sc. sordellii (Shannon & Del Ponte, 1927) • • • • • • • N, NE, 

CW, SE, 
S

Th. adelsonsouzai Santos, Silva, Barata, 
Andrade & Galati, 2013

• N

Th. auraensis (Mangabeira, 1942a) • • • • N, CW
Th. brachipyga (Mangabeira, 1942a) • • • • • N
Th. castanheirai (Damasceno, Causey & 
Arouck, 1945)

• • • • N

Th. clitella (Young & Perez, 1994) • N, CW
Th. dunhami (Causey & Damasceno, 1945) • N
Th. eurypyga (Martins, Falcão & Silva, 1963) • N
Th. flochi (Abonnenc & Chassignet, 1948) • N
Th. gibba (Young & Arias, 1994) • N
Th. howardi (Young, 1979) • CW
Th. ininii (Floch & Abonnenc, 1943) • N
Th. lopesi (Damasceno, Causey & Arouck, 
1945)

• • N

Th. loretoensis (Llanos, 1964) • N
Th. meirai (Causey & Damasceno, 1945) • • N
Th. melloi (Causey & Damasceno, 1945) • • N
Th. octavioi (Vargas, 1949) • • N, CW
Th. readyi (Ryan, 1986) • N
Th. reinerti (Young & Duncan, 1994) • N
Th. rostrans (Summers, 1912) • N
Th. ruifreitasi Oliveira, Teles, Medeiros, 
Camargo & Pessoa, 2015

• N

Th. ruii (Arias & Young, 1982) • N, CW

(continued)
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Brazilian sand flies can be found mainly in 12 different habitats. Following guid-
ance from Barretto (1943), 9 of them (1–9) can be considered wild habitats: (1) 
fallen leaves in forest soil, (2) armadillo burrows, (3) burrows of other wild animals, 
(4) tree trunks and tabular roots, (5) tree hollows, (6) treetops, (7) crevices in rocks, 
(8) caves, and (9) forest without specified location. Three of them (10–12) are semi- 
domestic and domestic habitats with human influence: (10) marginal areas, (11) 
annexes of domestic animals, and (12) outer and inner walls of human dwellings. 
From 279 recorded species, 178 (63.8%) essentially have wild habitats, and contact 
with humans is restricted to when humans enter the natural environment to perform 
activities related to agriculture, forestry, mining, and highway and hydroelectric 
construction, among other professionals who are directly in contact with the forest. 
The remaining 101 species (36.2%) are distributed among marginal areas (10) 

Table 2 (continued)

Species
Habitats

Regions1 2 3 4 5 6 7 8 9 10 11 12

Th. ubiquitalis (Mangabeira, 1942a)* • • • • N, NE, 
CW, SE

Th. uniniensis Ladeia-Andrade, Fé, 
Sanguinette & Andrade Filho, 2014

• N

Th. viannamartinsi (Sherlock & Guitton, 1970) • • • NE
Ty. conviti (Ramírez, Pérez, Martins & 
Ramírez, 1976)

• N

Ty. dasypodogeton (Castro, 1939) • • • N, CW
Ty. elegans (Martins, Llanos & Silva, 1976) • • N
Ty. longispina (Mangabeira, 1942d) • • • • N, NE, 

CW, SE
Ty. pinna (Feliciangeli, Ramirez Pérez & 
Ramirez, 1989)

• N

Ty. ratcliffei (Arias, Ready & Freitas, 1983) • N
Ty. rondonensis (Martins, Falcão & Silva, 
1965)

• N, CW

Ty. trichopyga (Floch & Abonnenc, 1945) • N, NE
Ty. wagleyi (Causey & Damasceno, 1945) • • • N
Vi. caprina (Osorno-Mesa, Morales e Osorno, 
1972)

• N

Vi. fariasi (Damasceno, Causey & Arouck, 
1945)

• N

Vi. furcata (Mangabeira, 1941d) • • • • • N, NE, 
CW

Vi. tuberculata (Mangabeira, 1941d)* • • • • • • N, NE, 
CW

*Species found to be vectors of Leishmania to human and animals
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represented by cultivated or pastoral areas and residual forests; the annexes of 
domestic animals (11) such as chicken coops, pigpens, corrals, kennels, etc.; and the 
outer and inner walls of human dwellings (12). These can be the annexes of domes-
tic animals (pigpens, chicken coops, corrals, etc.) in near-habitat areas (cultivated 
areas) or even in the residual woodlands close to houses. Of the 22 species found to 
be vectors of Leishmania to human and animals, 17 are present in the human envi-
ronment, Bi. flaviscutellata, Lu. cruzi, Lu. gomezi, Lu. longipalpis, Mg. migonei, Ny. 
anduzei, Ny. antunesi, Ny. intermedia, Ny. neivai, Ny. whitmani, Pi. fischeri, Pi. 
pessoai, Ps. ayrozai, Ps. complexus, Ps. paraensis, Ps. squamiventris, and Vi. tuber-
culata. Only 5—Bi. olmeca bicolor, Bi. olmeca nociva, Ny. umbratilis, Ps. wellco-
mei, and Th. ubiquitalis—are, to date, essentially wild. Five regions have wide 
distribution of Lu. longipalpis, Mg. migonei, Ny. intermedia, Ny. whitmani, and Ps. 
ayrozai. In four regions (N, NE, CW, SE), Bi. flaviscutellata, Ps. paraensis, and Th. 
ubiquitalis are reported to occur without records in the South region; Ny. umbratilis 
(N, NE, CW, S) without records in the SE region; Ny. neivai (N, CW, SE, S) without 
records in the NE region; and Pi. fischeri and Pi. pessoai in the North region (NE, 
CW, SE, S). In 3e regions, Bi. olmeca nociva, Lu. gomezi, Ny. anduzei, Ny. antunesi, 
Ps. complexus, Ps. squamiventris squamiventris, Ps. wellcomei, and Vi. tuberculata, 
(N, NE, CW) and Lu. cruzi (NE, CW, SE) occur. In two regions, Bi. olmeca bicolor 
(N, CW) and are known to occur (Table 2).

Leishmaniasis (cutaneous and visceral) is among the diseases that have a major 
impact on human health. They are considered emerging endemic diseases with a 
clear territorial expansion. They are included in the list of the Compulsory 
Notification Diseases System of the Ministry of Health with records in all Brazilian 
regions. Brazil is the country with the highest prevalence of these diseases in the 
Americas in both visceral and cutaneous forms (Brasil 2014, 2017; WHO 2010).

The classic profile of leishmaniasis is defined as wild animal zoonoses, which 
affect humans when they come into contact with the primary cycle in areas of pre-
served forests, such as in the Amazon, “cerrado” (savannas), and remnants of the 
Atlantic Forest. They have gradually expanded to rural and deforested areas and to 
the outskirts of cities. In some Brazilian states, there is a visible process of urbaniza-
tion (Lainson 1983, 1988; Rangel 1995; Aguiar et al. 2014; Brasil 2017).

Some cycles of American cutaneous leishmaniasis (ACL) transmission deserve 
to be highlighted, such as the Leishmania (Viannia) braziliensis cycle, which is 
more widely dispersed in Brazil and is responsible for cutaneous and mucosal 
forms. Its main vectors are Mg. migonei, Ny. intermedia, Ny. neivai, Ny. whitmani 
and Ps. wellcomei. It is worth noting that a severe form of ACL, anergic diffuse 
leishmaniasis, caused by Leishmania (Leishmania) amazonensis and conveyed by 
Bi. flaviscutellata, was associated for some time with the wetlands of the Amazônia 
Legal, especially in the states of Pará and Maranhão. Currently, human cases have 
been registered in the SE, CW, and NE regions, a factor of evident geographical 
expansion process (Aguiar and Medeiros 2003; Rangel and Lainson 2009). A clini-
cal condition of ACL, restricted to the Amazon, is represented by multiple lesions 
caused by Leishmania (V.) guyanensis and conveyed by Ny. umbratilis (Lainson & 
Shaw 2005; Rangel & Lainson 2009).

Regional Distribution and Habitats of Brazilian Phlebotomine Species
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Currently, according to the control and safety strategies of the Ministry of Health, 
there are three epidemiological patterns of ACL. The first is wild, and transmission 
occurs in primary vegetation aeas where the disease is characterized as a wild ani-
mal zoonosis. The second is wild/occupational and leisure (affected areas) and is 
associated with disorderly exploitation of the forest and the clearing of forests for 
different purposes with the approach of humans to the wild cycles. Finally, there is 
the rural, peri-urban, and areas of ancient colonization related to migratory pro-
cesses, occupying hillsides and agglomerates in urban centres, which are always 
linked to secondary or residual forests (Brasil 2017).

American visceral leishmaniasis (AVL) was associated with the rural environ-
ment and the outskirts of large cities. However, this epidemiological profile has 
been changing in some Brazilian regions where the parasitosis is already urbanized. 
According to the Ministry of Health’s AVL Surveillance and Control Manual (2014), 
two epidemiological standards are defined: (1) the classical pattern associated with 
the rural environment, outskirts of cities, and low socioeconomic level; and (2) the 
recent pattern found in the urban environment in medium and large cities.

The most important vector of the etiologic agent of AVL in the Americas is Lu. 
longipalpis, which has been shown to be highly capable of occupying new environ-
ments (Brasil 2014).

Thus, leishmaniasis has a close relationship between micro-ecological conditions 
and links of the epidemiological chain with environmental, natural, or human- 
induced changes—especially the approximation of humans to wild zoonotic 
cycles—that directly influence its incidence and expansion. In several Brazilian 
regions, transmission occurs in areas that are practically deforested. In the peri- 
urban environment, there are changes in the epidemiological scenario, in which the 
sand flies, endowed with food eclecticism, would be able to transmit the parasite to 
humans and other synanthropic and domestic mammals (Lainson and Rangel 2005; 
WHO 2010). Migratory flow should be considered as an impacting component in the 
epidemiology of leishmaniasis. Such scenarios—particularly in the NE, CW, SE, 
and South regions of the country—have been studied (Rangel and Lainson 2009).

The most adapted species to environments that suffered intense anthropic action 
and that rarely occur in wild environments are Ny. intermedia and Mg. migonei. The 
first is the species with a greater capacity for domiciliation and greater adaptation to 
environments modified by humans. Its presence is always associated with banana 
crop. In the SE and South regions, its presence in forest areas is practically non- 
existent (Aguiar et al. 2014).
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 Introduction

Phlebotomine sand flies are included in the order Diptera, a small insect measuring 
2 to 3 mm with intense pilosity over its body. Like most Diptera, phlebotomine sand 
flies are holometabolous (i.e., they present in their life cycle an egg phase; a larval 
phase that includes four sub-stages; a pupal phase; and, finally, the adult stage). 
They distinguish themselves, however, from the others of this family by featuring a 
thinner body and longer and thin legs. In addition, their females need blood to pro-
duce eggs, and for this reason they were aggregated by taxonomists in the subfamily 
Phlebotominae.

What stands out in importance in the neotropical region is that several genera are 
widely distributed, and many known species participate in the transmission of 
Leishmania species to humans and sylvatic and domestic animals. In agreement 
with Galati (2016), the number of phlebotomine sand flies has been increasing 
quickly with the description, each year, of several new species.

Regarding the biology, nevertheless, there is still an important gap in the knowl-
edge of these insects because only some few species have been studied, which 
makes mistakes likely regarding involving those species whose biology remains 
unknown. With these considerations taken into account, this chapter provides the 
reader with an overall view of the subject by presenting some particularities with-
out, however, going into great review.
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 Immature Forms

 Eggs

The eggs of phlebotomine sand flies are oval or ellipsoid in shape and measure, 
depending on the species, from 0.3 to 0.5 mm in length/0.07 to 0.15 mm in width. 
Right after they have been laid, the eggs feature a whitened or yellowed color, but 
within hours they become dark brown. The exochorion presents elevations and 
depressions, which gives it a characteristic appearance in different species; this does 
not, however, enable taxonomic importance to be inferred according to present 
knowledge. The eggs of more than 40 sand-fly species have been described based on 
the exochorion’s structure.

On average, a phlebotomine female in the laboratory lays 40 eggs, although there 
is great variation according to species. Egg-laying occurs as isolated or small groups 
of eggs, and the eggs remain adherent to the substrate due to the substance produced 
by the accessory glands. This substance, rich in fatty acids that coat the eggs, is 
responsible for their waterproof nature and can also act as oviposition pheromone.

 Larvae

The larval forms are small, white, and worm-like. Right after emergence, the larvae 
feed on the eggshells, bodies of dead adults, and other types of organic matter 
available.

The larvae are made up of 12 segments; in addition to the head, there are 2 tho-
racic and 9 abdominal segments. The head is well developed—darker in color than 
the rest of the body—and covered with small prickles that vary according to the 
species. The cephalic appendages are the antennae, which vary with the larval stage 
and the species, and the mouth parts are of the grinder type.

The thorax, made up of three segments, features in the integument a series of 
bristles, the number and characteristics of which vary according to the stage and the 
species, thus serving as an element that can be used for specific identification.

The abdomen features nine similar segments, except for the two last ones, which 
are modified and adapted to the motion function. Each segment’s integument pres-
ents bristles that vary specifically. The ventral face of the first seven abdominal 
segments holds false legs that act as locomotive organs. On the dorsal and lateral 
face of the segments more chitinized areas are noted, which correspond to the tergal 
plates. The abdominal segments are covered with bristles, the position of which is 
repeated in all, but they vary according to species and stages. In the eighth segment 
stands a pair of posterior spiracles, opened on the edge of a small conical protuber-
ance, whereas the ninth segment looks more modified than the eighth: In addition to 
its importance for locomotion, it is responsible for larva fixation at the change to 
pupal stage. In this segment tail bristles are noted, the length of which relates to the 
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species’ habitat. In Phlebotominae, first-stage larvae feature one pair of tail bristles, 
and the following stages feature two pairs.

 Pupae

The pupa is whitened or yellowed and progressively darkens as adult-emergence 
approaches. It is made up of 13 segments: The first 4 of them, which are more or less 
fused, form the cephalothorax; the 9 others, which are well individualized, consti-
tute the abdomen. The abdomen segments are quite uniform, except for the eighth 
and ninth, which are modified and covered on the exuvia by the fourth larval stage. 
The pupa does not move: It is fixed to the substrate by means of the larval exuvia 
and performs just flexion and extension movements of the body. Removal of the 
larval exuvia allows observation of the last pupal segments, which appear distended 
and lighter than the former ones. The pupal integument is covered with several types 
of bristle, and its chaetotaxy is important for specific differentiation. The eyes of the 
adults can be seen through the pupal wall. Initially they are almost invisible, but 
they darken as the emergence moment approaches.

 Adults

The phlebotomine adults present sexual dimorphism expressed not only in body- 
shape differences but also in alimentary behavior, which is reflected in the exclusive 
female’s hematophagy.

Males and females morphologically differ in their proboscises, which are shorter 
in males than in the females, which have long proboscises that are adapted for pierc-
ing and sucking. This dimorphism is also expressed in the female by its head, which 
features inside—in the very ventral region—a set of chitinized structures called 
“cibarium,” which are also associated with hematophagy, although their function is 
still unknown.

The sexes are also distinguishable by the last abdominal segments, which are 
modified to constitute the insect’s genitalia: In the male stands a set of appendages 
that are well-developed and ornamented (structure with taxonomic value), whereas 
in the female they are smaller and more discreet, lying as telescoped structures, 
which gives a round aspect to the insect’s genitalia.

The adults, right after emerging from the pupa, remain little active. The males, 
which inside the pupa remain with their genitalia appendages folded on the body, 
need 12 to 24 h so a 180° rotation can occur, after which, it is assumed, they will be 
ready for the copulation. Other indications of sexual maturation in males are still 
unknown.

Bionomy: Biology of Neotropical Phlebotomine Sand Flies
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 Feeding

The phlebotomine adults, females as much as males, need carbohydrates as energy 
source for flying and other biological activities. In nature, the major carbohydrate 
sources are usually obtained from vegetal sap and sugary secretions of aphids or 
other homopterous. Although the ability of phlebotomine sand flies to use sugars 
has been known for >70 years, the use of vegetal sap by these insects was suggested 
in 1963 by Minter and Wijer, who observed some species apparently sucking leaves 
in Kenya. Such remarks were proved afterward when vegetal fluids were in the 
diverticulum of wild-caught phlebotomine sand flies (Lewis and Domoney 1966; 
Willians 1970).

Several natural carbohydrates can take part in the nourishment of phlebotomine 
sand flies (Table 1). The most common sugars found in different neotropical species 
are fructose, glucose and saccharose (Lewis and Domoney 1966; Morton et  al. 
1991). In addition, turanose and melesitose—natural sugars found in the secretions 
of aphids—have been found in the digestive tract of these insects. Although inges-
tion of these secretions by phlebotomine sand flies has not been noted, the finding 
of these two sugars inside the digestive tract of field-caught species is a strong indi-
cator that they use the sweet secretions of aphids because no other natural source of 
these carbohydrates is known. Moreover, the presence of Pintomyia verrucarum 
was associated with the presence of two species of aphids—Therioaphis trifoli and 
Acyrthosiphon pisum—in alfalfa plantations in Peru (Cameron et  al. 1995). It is 
possible that phlebotomine sand flies are directly attracted by the plants contami-
nated by the secretions of aphids or, indirectly, by the action of pheromones released 
by these insects, which would act as kairomones, thus attracting the insects toward 
the location of their secretions. Reinforcing the second hypothesis, Tesh et al. (1992) 
demonstrated, in the laboratory, that the alarm pheromone of aphids—(E)-b- 
farnesene—acts as a phagostimulant for Lutzomyia longipalpis.

When phlebotomine sand flies ingest a sugary substance, it is stored in the diver-
ticulum, where it is taken slowly from the digestive tract and then absorbed. 
Experiments with L. longipalpis in the laboratory have shown that it takes females 

Table 1 Sugars found in wild-caught neotropical phlebotomine sand flies

Species Sugarsa Method(s) Authors

P.ovalesi, Ny.
ylephiletor, Ps. shannoni

Glu/fru/sac Cromb Lewis & Domoney, 1966

Lu.longipalpis Fru/sac Antronac Magnarelli & Modi, 1988
Lu. longipalpis Fru/sac Antronac Morton et al., 1991
Lu. peruensis Fru/sac/tur/mel/raf HPLCd Wallbanks et al., 1991
Ny. intermedia Fru/Glu/sac/mal/Tre/Mel HPLCd Souza et al., 1992

aGlucose/fructose/saccharose/turanose/melezitose/raffinose/maltose/trehalose
bPaper chromatography
cVan Handel (1972)
dHPLC high-performance liquid chromatography
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as much as to males, on average, 5 days to digest a saccharose solution at 50% stor-
age in the diverticulum (Brazil, RP, 1997). It is likely that the sugar’s passage from 
the diverticulum to the digestive tract occurs only at the instant when the insect’s 
activities or when the physiological moment demands consumption.

It is also known that sugars play an important role in the development and infec-
tivity of Leishmania spp. not only in controlling the intestinal flora and acting as 
bacteriostatics but also in serving as energy source for parasites, which seem to 
multiply easier in the digestive tract of phlebotomine sand flies in the presence of 
sugars.

 Blood Feeding

Although only phlebotomine females are hematophagous, hematophagy has been 
exceptionally noted in L. longipalpis males by Coelho (1966), and by Gontijo et al. 
(1987) in L. renei males, both under laboratory conditions. For blood-feeder insects, 
the saliva plays an essential role in constraining the homeostasis mechanisms of the 
host, thus inducing vasodilation and inhibiting the blood-clotting actions that facili-
tate the digestion of food. Therefore, it becomes necessary that the insect, at the 
moment of feeding, presents developed salivary glands and secretion enough for 
digestion. It is also important that the mouth parts used to pierce and cut the host’s 
tissues possess the hardness necessary for this function, what occurs just some time 
after the insect’s emergence.

In phlebotomine sand flies, complete digestion might occur 24 h after emergence. 
However, observations in the laboratory with several species of Phlebotominae indi-
cated that most females begin this activity 48 h after emergence. Such a preference 
might be associated with salivary-gland maturation and mouth-part hardening.

In L. longipalpis females kept under experimental conditions, salivary glands 
began the process of salivary secretion near the end of the first 24 h after emergence, 
and they became large, globular, and replete with saliva rich in protein material by 
the end of 48 h (Gomes Brazil 2000). Such remarks are consistent with the studies 
of Volf et al. (2000), who detected increased protein content of the salivary glands 
under the time and temperature conditions the species were kept. This maturation 
period of the salivary glands certainly influences the beginning and the efficiency of 
the blood repast. In males, the glands appear minuscule and sometimes cannot be 
noted in dissections.

Phlebotomine sand flies feature mouth parts that are relatively short (0.2 to 
0.4 mm), thus preventing deep penetration of host skin. Laceration of the skin and 
blood capillaries results in subcutaneous hemorrhage from where the blood is 
sucked. The time period of suction for complete feeding in species of neotropical 
Phlebotominae that feed on warm-blooded animals varies considerably, lasting 
from 1 to 5 min, whereas the process is much slower in species feeding on cold- 
blooded animals (Chaniotis 1967).
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Lewis (1965), studying several species of American phlebotomine sand flies, 
found well-developed salivary glands that reached the abdomen in species that suck 
on cold-blooded animals, whereas in species that suck on warm-blooded animals 
the salivary glands appeared like small sacs fixed to the anterior part of the thorax.

The saliva of phlebotomine sand flies is an important tool in blood feeding. Adler 
and Theodor (1926) were the first to note, the presence of anti-clotting substances 
in the saliva of Phlebotomus papatasi.

Today great importance is given to the study of salivary constitution in these 
insects (Ribeiro et al. 1989). The L. longipalpis species, from which a peptide has 
been isolated, identified and denominated maxadilan in allusion to its powerful 
vasodilating effect, has been the most studied. The presence of anti-clotting and 
vasodilating substances in the saliva of phlebotomine sand flies enables the insect to 
neutralize the vertebrate haemostasis, thus facilitating the blood repast, because 
they allow the formation of small puddles of blood that protrude from the tiny ves-
sels lacerated by the insect’s proboscis, which is not long enough to “straw” the 
vessels like mosquitoes and kissing bugs do (Ribeiro et al. 1989).

The amount of blood ingested varies individually according to the species, but 
overall it is equal to the insect’s own weight, which can range from 0.1 to 0.6 mg 
(Chaniotis 1967; R. P. Brazil, 1997).

Observations under experimental conditions with L. longipalpis have shown that 
right after feeding, one of the salivary glands is often found to be diminished and to 
have a thickened wall, whereas the other still appears voluminous with its wall dis-
tended, suggesting that the amount of saliva necessary for one repast is found in a 
sole gland with the other gland serving as a “spare” (Gomes Brazil 2000).

The saliva of phlebotomine sand flies has been highlighted as a factor of impor-
tance in establishing infections by Leishmania under experimental conditions. The 
study of this important secretion of phlebotomine sand flies has been intense, both 
with different species of the parasite and different vertebrate hosts, intending not 
only to understand the role of vector species in the transmission and maintenance of 
the disease but also to enable the development of a vaccine that may help control 
these diseases, the incidence of which increases each year not only in the number of 
cases but also its regional distribution in regions worldwide.

As in other hematophagous Diptera, in phlebotomine sand flies the blood is nec-
essary to ovary development, with the number of eggs produced being directly pro-
portional to the amount of blood ingested (Ready 1979; Lehane 1991). Despite that 
being an essential condition for producing eggs, the phenomenon of autogeny (i.e., 
the production of eggs without previous feeding on blood) has been observed in Ph. 
papatasi, L. gomesi, and L. cruciata and has been suggested in Psychodopygus 
davisi (= L. davisi) and Pi. damascenoi (Forattini, 1973). However, this phenome-
non and its meaning remain little studied.

It is known, at least, that two parthegenetic species of Phlebotomine sand fly—
one from Rio de Janeiro and P. mamedei from the progeny of a laboratory-housed 
female—did not feed on blood and still produced fertile eggs in the absence of 
males. The produced eggs originated just females, thus characterizing this sand fly 
as an autogenic and parthenogenetic species (Oliveira et  al. 1994; Brazil and 
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Oliveira 1999). More recently, a new species from a cave in the Amazon, Deanemyia 
maruaga, showed the same attribute (Alves et al. 2011).

Compared with other hematophagous Diptera, it has been assumed that phle-
botomine sand flies usually feature gonotrophic concordance (i.e., there is one 
blood feeding before each instance of egg-laying). Nevertheless, in some species a 
second repast before oviposition has been reported (Christensen and Herrer 1980; 
El-Naien et al. 1992; Brazil et al. 1991a, b). Such is the case of L. longipalpis and 
N. whitmani caught in Ceará with human bait and N. intermedia caught in a chicken 
coop in Rio de Janeiro (El-Naien et al. 1992; Brazil et al. 1991a, b). This behavior 
may vary from species to species or even among populations of the same species. 
The need for a second blood feeding in pregnant females might be related to water- 
balance maintenance in view of climatic factors, such as high temperature and low 
humidity, which would directly affect their capacity to lay eggs. It is not known 
whether such a characteristic is common among the several phlebotomine species, 
but this phenomenon takes on great epidemiologic importance because it increases 
the transmission power of microorganisms by these insects.

In some species of neotropical phlebotomine sand flies, autogenic populations or 
lineages have been noted sporadically. Autogeny may be not mandatory, like in 
Psathyromyia shannoni sensu latu, originally from Florida, and L. cruciata and 
Danpfomyia beltrani in Central America (Lewis 1965; Willians 1976) or rather 
mandatory as noted in a subpopulation of L. gomezi in Panamá (Johnson 1961).

Phlebotomine sand flies usually begin their activity period during afternoon or at 
night, remaining most of the day in their shelters. Bichromomyia flaviscutellata 
shows peak alimentary activity between 10:00 pm and 01:00 am, and it rarely sucks 
blood during the day (Ward 1977). Hematophagous activity during the day, when it 
occurs, takes place in low-luminosity environments, especially in caves and forest 
areas. Among the several phlebotomine sand flies that feature the ability to suck 
blood during the day, Ps. wellcomei is without doubt the most active species. 
Another species, Nyssomyia umbratilis, usually nocturnal, becomes considerably 
aggressive during the day when dislodged from its shelters.

Many factors stimulate phlebotomine sand flies to suck blood and, like other 
hematophagous insects, their search for hosts is determined by a series of events 
intrinsic to the insects but that act along with environmental factors (Lehane 1991). 
The attraction of the phlebotomine sand flies by the hosts involves, among other 
stimulus, the host’s body temperature and odor.

As for alimentary preference, the species of neotropical phlebotomine sand flies 
that suck on warm-blooded animals are usually eclectic. Many species of phleboto-
mine sand flies caught with human bait also suck on other animals; L. longipalpis is 
the best eclecticism example because it has the ability to pierce man, dog, birds, and 
other animals with considerable avidity in the same biotope. Other species with the 
same alimentary characteristics include N. intermedia, Migonemyia migonei and  
Pintomyia fischeri, which in anthropic environments adapt to the natural shelters of 
animals and break into residences to suck on humans (Gomes et al. 1982; Rangel 
et al. 1986; Brazil et al. 1991b). In this case, the break-ins of these locations occur 
during the beginning of the night and decrease in the first hours of the morning. The 
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alimentary preference may also vary in distinct populations of one same species, 
such is the case of N. whitmani sensu lato, which is zoophilic in the Amazon region 
but is attracted to humans in the northeast and southeast regions of the country 
(Lainson 1983; Azevedo and Rangel 1991; Brazil et al. 1991a).

 Longevity and Dispersion

Adult longevity under natural conditions is practically unknown, but observations in 
the laboratory indicate that phlebotomine males and females can live for 20 to 
30 days, although this may not be the real life span.

Several factors contribute to the longevity of phlebotomine adults. However, 
decreased humidity seems to be the factor that most affects their survival. The great 
majority of neotropical phlebotomine sand flies do not survive for long under 
humidity conditions lower than 50%.

Like their longevity, dispersion of these insects in nature is still little known. 
Initial studies on dispersion have always been carried out with species of forest 
habits. Chaniotis et  al. (1974) showed that approximately 90% of phlebotomine 
sand flies were retrieved within a 57-m radius in the Panama forest. Other studies in 
forest areas have confirmed that the dispersion distance does not exceed 200  m 
(Chippaux et  al. 1984; Alexander 1987). In contrast, studies by Morrison et  al. 
(1993) showed that the dispersion behavior of peri-domiciliary populations of L. 
longipalpis is very similar to the behavior of populations of Phlebotomus, which 
also presents peri-domiciliary habits in Europe and can disperse within a 500-m 
distance or further. However, studies in the urban area of Campo Grande, State of 
Mato Grosso do Sul, Brazil, showed that L. longipalpis does not disperse over 
241 mts (Oliveira et al. 2012). It is to be admitted that some species (Pi. fischeri, P. 
pessoai, M. migonei, and N. intermedia) associated with environments modified by 
humans feature more dispersion power than forest species (Forattini 1954). This 
was observed in Nyssomyia neivai in Vale da Ribeira, SP, which dispersed over 
500 meters (2009).

 Shelters

AS insects with crepuscular and nocturnal habits, phlebotomine males and females 
remain in sheltered places during the day where there are no great environmental 
changes even if the climatic changes are adverse.

Usually the shelters are dissociated from natural breeding sites, although some of 
them can serve as places for the development of immature forms In areas of primary 
forest, a large variety of places can serve as shelter for phlebotomine sand flies. 
Many species seem to use the space between fallen leaves and the ground, animal 
burrows, and crevices on tree trunks.
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Studies performed in the forest reserve of Ducke, in Central Amazonia, by 
Cabanillas et al. (1995), showed that sapopema roots, followed by bases of trees 
and termite mounds, constitute the main shelter for several phlebotomine spe-
cies. In turn, in the Atlantic forest region (Serra dos Órgãos National Park, State 
of Rio de Janeiro) the main place used as shelter were animal burrows. In these 
locations, there has always been the predominance of Ps. barretoi followed by 
Brumptomyia spp. This and other findings confirm that the phlebotomine species 
of the group P. aragaoi have an alimentary preference for Dasypodidae and that 
they use the same environment as their resting place (Young and Duncan 1984; 
Aguiar and Villela 1987).

Regarding phlebotomine species with occurrence in human residences and their 
annexes, its shelters are usually within these environmental limits, with pigsties and 
chicken roosts seeming to be the places most used by N. intermedia, M. migonei and 
Pi. fischeri in the region of Southeastern Brazil (Table 2).

Table 2 Shelters of some Brazilian sand-fly species

Species Places Author

Ps. aragaoi Animal burrows in the 
ground

Aguiar & Villela, 1987

Ps. ayrozai Animal burrows in the 
ground

Aguiar & Villela, 1987

Ev. bahiensis Rodent holes Mangabeira & Sherlock, 1961
Ps. barretoi Animal burrows in the 

ground
Aguiar & Villela, 1987

Ps. dreisbachi Armadillo holes Causey & Damaceno, 1945; Ryan, 
1986

Pi. fischeri Trunks of trees, chicken 
roosts

Aguiar & Villela, 1987; Brazil et al., 
1991b

Ps. hirsutus Rock crevices, under 
vegetation

Aguiar & Villela, 1987

Ps. inflata Armadillo holes Ready et al., 1986
Ny. intermedia Chicken roosts Brazil et al., 1991b
Lu. longipalpis Holes on tree trunks, base of 

rocks
Mangabeira, 1969

Mi. migonei Chicken roosts Brazil et al., 1991b
Mi. oswaldoi Holes in tree trunks, base of 

rocks
Mangabeira, 1969

Pi. pessoai Tree trunks Aguiar & Vilela, 1987
Mi. quinquefer (= L. 
rickardi)

Holes on tree trunks, base of 
rocks

Mangabeira, 1969

Ps. shannoni Holes in tree trunks, base of 
rocks

Mangabeira, 1969

Ev. termitophila Termite mounds Martins et al., 1977
Tr. trichopyga Armadillo holes Ready et al., 1986
Ny. umbratilis Tree trunks, sapopema roots Ready et al., 1986; Cabanillas  

et al., 1995

Bionomy: Biology of Neotropical Phlebotomine Sand Flies



308

 Mating

Regarding mating, little is known about this activity because it occurs in nature. 
Observations in the laboratory are still not enough to determine whether all phle-
botomine species present identical behavior. Some species often mate under labora-
tory conditions, even in a quite restricted space.

For example, it can be mentioned that L. longipalpis copulates very often in 
cages or in small observation chambers. The nuptial court made by males of this 
species consists of continuous circular movements and the flapping of wings, which 
attract susceptible females. After some seconds of intensely vibrating their wings, 
the males place themselves counter-wise to the female, approaching and using their 
genital appendages to take the female’s posterior edges. During the court, receptive 
females vibrate their wings in response to the male’s call. Nonreceptive females 
repel males by lowering the abdomen, thus preventing copulation.

Among possible factors before mating, the most important perhaps is the release 
of the male sexual pheromone to attract females of the same species (Ward et al. 
1989). It is admitted that, in nature, copulation occurs during the nocturnal period 
when phlebotomine sand flies are more active in looking for hosts to suck blood. 
Observations in the laboratory show that a sole L. longipalpis male is capable of 
copulating many times with different virgin females, even though there is no indica-
tion that they are all fertilized. The presence of vertebrate hosts considerably stimu-
lates the copulation activity in this species (Ward et al. 1989).

Other species, such as Ny.  intermedia and Mg.  migonei, feature similar behav-
ior; however, it is without the aggressiveness of L. longipalpis. According to Ward 
et al. (1988), the attraction between sexes of L. longipalpis is not only olfactory or 
visual but also auditory, involving the presence of sounds emitted by the male 
 flapping of wings. In this manner, the act of vibrating wings would not only be to 
release the sexual pheromone existing in the male abdominal glands but also to 
produce sound vibrations that are responded to by females within a pre-established 
pattern. This new aspect of mating in L. longipalpis has been well studied by the 
group of Alexandre Peixoto (Souza et al. 2004; Vigoder et al. 2015).

Abdominal glands in phlebotomine sand flies were noted in L. longipalpis 
and Mi. quinquefer males first by Barth (1961), who classified them as odorous 
glands that would have the function of stimulating females before and during copu-
lation. Such remarks were proved afterwards in L. longipalpis, by Lane and Ward 
(1984), because the glands are located in the third and fourth tergites or only in the 
fourth tergite in different populations. Electron microscopy of the abdominal glands 
of five Phlebotominae species were observed by Spiegel et al. (2002). Gland extracts 
of L. longipalpis males are able to attract females in laboratory within a distance 
≤2.2 m (Morton and Ward 1989; Brazil et al. 1989; Ward et al. 1990). The presence 
of sexual pheromone has been observed in other phlebotomine species of the genus 
Lutzomyia (Hamilton & Ward, 1994; Hamilton et al. 1999); nevertheless, it has been 
better studied in L. longipalpis.
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In extracts of L. longipalpis pheromone glands, two compounds were 
detected: one homosesquiterpene (C16 H22) and one diterpene (C20 H32). Studies 
with different original populations demonstrated at least five groups existing 
that differ for presenting different terpenes and may be cryptic species (Hamilton 
et al. 1996a, b).

 Natural Breeding Sites

Naturally, oviposition in phlebotomine sand flies is made in a substrate rich in 
organic matter, which serves the development of immature forms. The choice of 
oviposition place is driven for semiochemicals, which act as aggregation and ovipo-
sition pheromones. In L. longipalpis, this phenomenon was identified as being 
attributable to dodecanoic acid (Dougherty and Hamilton 1997), which would hold, 
along with other organic nature compounds, the function of aggregating pregnant 
females for laying eggs.

Natural breeding sites are extremely difficult to find. As for neotropical phle-
botomine sand flies, the data are scarce and the number of immature forms is quite 
decreased in places considered breeding sites  Ferro et  al. 1997). One concrete 
remarks on natural breeding sites is found in Hanson (1961), the work of whom in 
Panama identified several breeding sites of forest phlebotomine species.

When considering the places listed in Table 3 as breeding sites of some Brazilian 
species, the small number of larvae and pupae found in them is not consistent with 
the high density of adults in these places.

The breeding sites of most of species are still unknown. Only with further stud-
ies, all applying several associated techniques, will it be possible to obtain more 
consistent results.

Table 3 Some breeding sites of phlebotomine sand flies in Brazil

Species Places Author

L. longipalpis Under rocks, in rock crevices, 
livestock corrals

Deane, 1956; Deane & Deane, 1957

Pi. fischeri Base of trees Coutinho & Barreto, 1941
Ny. intermedia Base of bushes, pigsties Forattini, 1953, 1954
Ny. whitmani Banana plantations, pigsties Forattini, 1960
Ev. bahiensisi Holes in trees, holes in the ground Sherlock, 1962
Ev. cortellezzii Holes in trees, among roots Sherlock, 1962; Deane, 1956
Mi. oswaldoi Under rocks, in rock crevices, 

among roots
Deane, 1956; Deane & Deane, 1957
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 Biological Cycle

To study the biological cycle of a species, it is necessary to establish colonies of the 
species in the laboratory. Although it is good to apply a basic methodology to the 
study of most species, there is a need for adaptations to obtain success in maintain-
ing the colony (Killick-Kendrick 1978; Modi and Tesh 1983).

The life cycle of phlebotomine sand flies and other diptera is characterized by 
holometaboly (Fig. 1). The larval phase goes through four stages by means of three 
changes. The term of the different stages, from egg to pupa, varies from one species 
to another, and for any given species development depends on temperature, humid-
ity, and food availability. Under thermal conditions slightly greater than the tem-
perature considered optimal for most neotropical species (25 to 27  °C), cycle 
development is faster. As the temperature decreases, the evolution cycle becomes 
slower. The vital cycle of some Brazilian species under similar conditions in the 
laboratory is presented in Table 4.

Fig. 1 The life cycle of phlebotomine sand flies
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 Colonization in Laboratory

The difficulties in finding natural breeding sites of phlebotomine sand flies indicate 
great importance for the colonization of species so that the vital cycle of these 
insects, plus the different aspects of their biology and physiology, can be studied. 
Under the controlled conditions of a laboratory, information on the morphological 
and behavioral characteristics—as well as their parasite−vector and insect−verte-
brate relations—can be obtained, which will enable the establishment of new strate-
gies to control diseases transmitted to humans and other animals.

Few phlebotomine species have been studied under laboratory conditions, so 
there still exist great gaps in knowledge of the biology of most species, even those 
of medical importance. This is due to the difficulties encountered in the colonization 
of these species. Obtaining one or two phlebotomine sand-fly generations in the 
laboratory is considered by most of researchers because it is very difficult. In turn, 
establishing a colony requires special care until the insects obtained overtake the 
eighth generation.

The actual function of the colony is to supply insects in numbers enough for the 
experimental work without having to insert new individuals brought from the field.

During the last 40 years, many attempts have been made to mass-breed phleboto-
mine sand flies (Johnson and Hertig 1961; Chaniotis 1975; Killick-Kendrick et al. 
1977; Modi and Tesh 1983; Rangel et al. 1985). From approximately 900 species of 
known Phlebotominae, at least 17 have been colonized in the laboratory for >10 
generations (Volf and Volfova 2011).

Colonies of phlebotomine sand flies are usually little productive and demand 
many hours of daily work for their maintenance. In addition to the adaptation par-
ticularities of each species to laboratory conditions, the major difficulties found are 

Table 4 Development of three species of Phlebotominae under laboratory conditions (26 to 
28 °C/80% UR)a

Species Po Egg/L1 L1/L2 L2/L3 L3/L4 L4/Pupa
Pupa/
Adult

Evandromyia 
.Lenti

6.6 + −2.2 5.2 + −1.6 5.8 + −0.7 6.6 + −0.8 6.4 + −0.4 8.2 + −0.7 8.0 + −0.6

Lutzomyia 
Longipalpis

6.4 + −0.8 2.8 + −0.4 5.0 + −0.6 5.1 + −0.4 4.5 + −0.6 5.7 + −0.4 6.4 + −0.4

Nyssomyia 
intermedia

7.4 + −0.8 5.6 + −0.4 5.8 + −0.7 5.8 + −0.7 5.4 + −1.0 5.0 + −0.6 5.2 + −0.7

Po = pre-oviposition
L = larva
L1 to L4 = stages 1 to 4
aBased on Brazil et al. (1997)
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related to the high mortality in the first evolution stages, cannibalism among the 
larvae, fungal proliferation, inappropriate larval diet, and high mortality rate of 
pregnant females. In our laboratory, with the adaptation of several methodologies, 
established colonies of phlebotomine sand flies, or only one generation (F1) 
 depending on the need and type of study to be accomplished, have been obtained 
(Brazil et al. 1997; Brazil and Brazil, 2000 ; Gomes Brazil 2000).

 Obtaining Adults

For the initial establishment of a colony in laboratory, adults are usually caught with 
the aid of light traps, among which the most usual and efficient is the CDC trap 
(Sudia and Chamberlain 1962). However, the Shannon trap is also used with light or 
animal bait by employing a mouth aspirator (Castro or similar). Cages employed in 
catches—or for maintaining phlebotomine sand flies in the laboratory long enough 
to be used for several procedures—are cubes made of nylon or thin cloth (like that 
used in curtain manufacture), which provides a sleeve (for the introduction of 
insects), fixed by strings, sewed on the vertices, to a cuboid metal frame.

Phlebotomine sand flies caught in CDC light traps are taken to the laboratory 
inside their own textile cages comprising a plastic bag containing a cotton pad or a 
wet sponge. The cages are kept inside a Styrofoam box during all transportation 
stages from the field

In the case of manual catch, phlebotomine sand flies can be placed in textile 
cages to be sent to the laboratory as described earlier or put in pots made of non- 
toxic plastic with a plaster bottom covered with nylon gauze, which is taken to the 
laboratory under the same conditions as the cages.

In the case of catches in locations distant from the laboratory, which requires long 
hours of traveling, it is advisable that the insects should be blood fed while still in the 
field. The females must be individualized in small pots like those already described. 
These must be placed in the plastic box, in which females are kept for oviposition, 
which in turn is placed in the Styrofoam box for the transfer. Before the trip, diluted 
honey or sugar solution is offered to the females to ensure their survival.

 Blood Feeding

Blood feeding is offered to unfed females in laboratory using a cotton pad soaked in 
diluted honey or 30% to 50% sugar diluted at the ratio of 1:1 with distilled water, 
which can be directly placed on the upper part of the cage or in a small petri dish 
placed inside it.

After being returned to the plastic bag under the conditions it was brought from 
the field, the cage is kept in a BOD incubator with ideal temperature and humidity 
(the species colonized by our group was kept at a temperature ranging from 25 to 
27 °C and a humidity ranging from 70–80%).
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For the specimens brought in pots, the diluted honey/sugar solution is directly 
placed on the netting. These same pots are placed in plastic boxes with a pressure 
lid, the bottom of which is covered with a layer of filter paper moistened with dis-
tilled water. Once the humidity decreases, the paper is moistened again. The appear-
ance of stains may indicate contamination, at which time it is necessary to change 
the filter paper, taking care to clean the box’s bottom with 70% alcohol. Twenty- 
four hours after arriving at the laboratory, the females caught are fed on blood, 
which can be done using hamsters (Mesocriscetus auratus), which were previously 
anesthetized with sodium thiopental by intramuscular administration, for 1 to 2 h 
inside the holding cages kept in the dark.

Most species of sand flies feed well on hamsters or birds (chickens and quails). 
However, it must be borne in mind that some phlebotomine species feed only on 
cold-blooded animals, such is the case of Micropygomyia quinquefer, thus making 
it difficult to breed them in laboratory.

After the repast, the females are kept along with the males in their own holding 
cages. Then they are returned the incubator inside the plastic bag inside the cage and 
are maintained for 48 h under the same conditions of humidity, temperature, twi-
light, and carbohydrate feeding as before. This time corresponds to the resting 
period necessary for the females to produce eggs and to secure fertilization.

 Individualization and Identification of Females

Forty-eight hours after the blood meal, the pregnant females are transferred, with 
the aid of an aspirator, to small plastic pots (4.5-cm diameter × 4.0-cm height) that 
have a layer of plaster on the bottom covered by a thin textile. The pots are then 
accommodated in boxes like those used before, in other words, kept in BOD incuba-
tors under the previous conditions and monitored to maintain the humidity inside. 
The boxes are kept in the incubator at 25–27 °C and observed daily to check for 
oviposition, after which females usually die. The head and the two last abdominal 
segments of dead females are then dissected and assembled between a slide and a 
coverslip in Berlese fluid for observation of the cibarium and the respective sperma-
thecae and for specific identification. Eggs belonging to one of the same species are 
transferred, using a thin paintbrush moistened with distilled water, to the breeding 
pots (7.0-cm diameter × 8.5-cm height), which are modified like the former ones 
(i.e., with a plaster bottom), in which all larval stages and pupae are monitored. An 
average of 350 eggs is transferred to each breeding pot.

 Immature Forms

The breeding pots containing the transferred eggs are monitored daily for the 
removal of fungus and mites and the addition of larval food. During this phase, to 
minimize the grow of fungus, the food ration must be added only after the emer-
gence of the first larvae.

Bionomy: Biology of Neotropical Phlebotomine Sand Flies



314

The emergence period of the eggs varies from species to species and according 
to incubation temperature. On average, the eggs of phlebotomine sand flies kept at 
a temperature of 25–27 °C begin their emergence between 5 and 8 days; however, it 
can take up to 15 days for eggs to emerge.

The food formulae used in the breeding of phlebotomine sand flies may vary 
considerably. In our laboratory colonies, it is applied in a 1:1 mixture of rabbit dry 
faeces, vegetal earth, and fern powder, to which 1% of fish food (Vitormonio-RCW/
Brasil) is added. The ration is mixed, sieved, and autoclaved in small glass flasks 
until its use.

 Emergence of Adults

As soon as the first pupae form, the offer of larvae food must be decreased to avoid 
fungal proliferation and death of the recently emerged adults. When the first adults 
emerge, they must be transferred to the net cages and kept for 2 or 3 days in the 
incubator, as described previously, until the first blood feeding.

Maintenance of the colony must be performed taking the same care as its estab-
lishment. Essential requirements for success include paying attention to cleaning 
the environment, rigorously washing the instruments, using alcohol at 70% after 
washing, and ensuring the absence of strong odors in the insects’ maintenance area.
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Leishmaniasis is a spectrum of diseases transmitted by sand-fly vector caused by a 
protozoa parasite from the genus Leishmania (Trypanosomatida: Trypanosomatidae) 
This vector-borne disease is transmitted to humans exclusively through sand-fly 
bites. The Leishmania genus was given to honor Sir William Boog Leishman, an 
assistant professor of pathology in the British Army Medical School, who discov-
ered the parasite for the first time on a slide spleen smear in 1903.

The Leishmania genus is divided into three sub-genera according to parasite 
development in the vector (Lainson and Shaw 1979). (1) Hypopylarian: Parasites 
develop within the sand-fly hindgut. This group was previously classified as a sub-
genus of Leishmania, but now it is accepted as Sauroleishmania. (2) Perypylarian: 
These parasites can establish initial infection in the pyloric region and hindgut of 
the sand fly, where they are attached to the cuticle (Nieves and Pimenta 2000). This 
group includes the Vianna subgenus species, such as L. (V.) braziliensis, and it can 
be found only in the New World. (3) Suprapylarian: The development of these para-
sites is restricted to the sand-fly midgut. This Leishmania species are classified as 
Leishmania subgenus, and they are distributed in the New World and Old World. 
Only parasites classified with the perypylarian and suprapylarian patterns have 
medical importance. The majority of Leishmania species that affect humans are 
from the suprapylarian pattern, and the information presented in this chapter 
includes a detailed description of this group of Leishmania considering its life cycle 
within its natural vectors.
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 Infective Blood Meal and Promastigote Forms Inside the 
Sand Fly

The interaction between the parasite and the vector starts at the time when the 
female sand fly can feed on infective blood to develop its eggs. After choosing an 
appropriate vertebrate host, the sand-fly mouthparts penetrate the skin, lacerating 
the epidermis in different spots, forming a blood pool that will be sucked by the 
insect. During this blood meal, the female occasionally ingests the Leishmania par-
asite present in the infected vertebrate host in a form called “amastigote,” an intra-
cellular tissue form found mainly inside macrophages. After the meal is consumed 
by the sand fly, the recently ingested Leishmania amastigotes are stored with the 
blood in the midgut for digestion. Immediately a differentiation process transforms 
the amastigote into a flagellated parasite form called “promastigote,” the extracel-
lular form that colonizes the vector during its lifetime. Distinct from that of the 
vertebrate, the life cycle of Leishmania in the sand-fly vector is extracellular and 
occurs inside the digestive tract.

The first promastigotes derived from the differentiation of ingested amastigotes 
inside the blood meal have high multiplicative capacity, and this form is called 
“procyclic.” The procyclics multiply by binary fission, and subsequently, during the 
parasite life cycle, they differentiate into morphologically distinct flagellate forms. 
Different authors have given promastigotes forms distinct designations; however, in 
this chapter we use the simple nomenclature proposed by Lawyer and colleagues  
1990, which has been used in several studies of Leishmania−sand fly interaction. 
Between the second and fifth days after a blood meal, a new promastigote popula-
tion progressively emerges, the form of which is called “nectomonad.” After blood- 
meal digestion, around the third and fourth days after infection, the nectomonads 
colonize different parts of the digestive tract according to the sub-genera (as 
described previously). The nectomonad population decreases with colonization 
along the midgut, and new promastigote forms emerge, called “haptomonads” and 
“paramastigotes.” Gradually, after total excretion of the blood meal, the “metacy-
clic,” the infective form of vertebrate, appears. The metacyclics migrate to the fore-
gut region of the vector, where they will be ready to be transmitted by the sand-fly 
bite to a new vertebrate host during the next blood meal.

 Natural Barriers Encountered by Leishmania Within the 
Sand-Fly Vector

Development of Leishmania within the sand-fly vector is a complex process. Several 
main events occur during the Leishmania−sand fly interaction that constitute barri-
ers to parasite development: (a) Leishmania species must be susceptible to the vec-
tor when it is present in the vertebrate blood; (b) the action of digestive enzymes on 
the ingested blood meal; (c) the perithrophic matrix formation, which protects 
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parasites from digestive-enzyme action; (d) the transformation of amastigotes (ver-
tebrate multiplicative form) into promastigotes (sand-fly multiplicative form); (e) 
escape of the promastigotes from the perithrophic matrix to the foregut region due 
to parasite production of chitinase; (f) promastigote differentiation and subsequent 
adhesion to the midgut epithelium, which is dependent on the expression of species- 
specific molecules (lipophosphoglycan [LPG]) on the parasite surface; (g) parasite 
migration to the cardia region around the stomodeal valve after complete blood 
digestion; (h) promastigote differentiation into metacyclic, the infective form able 
to be injected and infect the vertebrate host at the time of the bite; (i) the successful 
feeding of an infected sand fly, which inoculates metacyclics into a new vertebrate 
host during the bite; (j) actions of the saliva produced by the sand-fly vector and the 
proteophosphoglycan (PPG) produced by promastigotes in the skin-bite site on the 
vertebrate host, which are able to intensify and modulate the infection; and, finally, 
(i) recent data suggesting that native microbiota play a role in vector interaction.

In conclusion, due to all the possible barriers to the development of Leishmania 
inside the sand fly, which determine vectorial competence, this phenomenon should 
be considered a complex dynamic process that is still open to analysis. Further we 
will discuss the main natural barriers that exist during Leishmania−sand fly 
interaction.

 Amastigote Transformation into Promastigote  
Inside Sand-Fly Midgut

Sand flies, like others blood-sucking insects, digest the blood meal producing amy-
lases, glycosidases, lipases and proteases (mainly trypsin and chymotrypsin), which 
are secreted by intestinal epithelium cells. Digestive enzymes can be harmful to 
parasites. The survival and infectivity ability of all microorganisms transmitted by 
haematophagous insects, including Leishmania, is directly associated with resis-
tance to digestive-enzyme action produced by vectors.

The first barrier to Leishmania development inside the vector is the transforma-
tion of amastigote into promastigote. Studies have indicated that Phlebotomus 
papatasi infected with Leishmania major shows about a 50% reduction in parasite 
numbers during this transformation (Pimenta et al. 1997). Although amastigote dif-
ferentiation into promastigote is an important step due to their cellular coating, 
which confers protection against the sand flies’ intestinal protease action, many 
parasites do not complete this process. Thus, the number of parasites can dramati-
cally decrease or even disappear within the vector during blood-meal digestion. 
Therefore, the sand-fly digestive process causes a drastic decrease in the vector- 
infection rate in a population (the percentage of infected sand flies) because many 
insects heal the infection.

After a blood meal and during the digestive process in sand flies, the concentra-
tion of digestive enzymes can increase up to 20 times. Some experimental studies 
have shown that parasite death can be avoided by adding specific proteolytic inhibi-
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tors to the infected blood meal (Borosvsky and Schlein 1987; Pimenta et al. 1997). 
Interestingly it has also been demonstrated that parasite resistance to digestive- 
enzyme action is stage-specific: Promastigotes are more resistant than amastigotes 
(Pimenta et al. 1997). This question was explored by comparing amastigotes until 
they were completely transformed into promastigotes. The transitional form (amas-
tigotes differentiating to promastigotes) is susceptible to death induced by digestive- 
enzyme action. It was observed that transitional parasite forms are the most 
susceptible to digestive-enzyme action because this is a critical stage for parasite 
survival inside the sand fly (Pimenta et al. 1997). After complete transformation, 
promastigotes acquire greater resistance to digestive-enzyme action in the gut. This 
resistance is related to surface expression in the promastigote of a molecule not 
present in amastigotes, a surface lipophosphoglycan (LPG). LPG forms an orga-
nized surface coat that covers and protects the promastigote from proteases lysis 
(Schlein et al. 1990; Pimenta et al. 1991). This observation is consistent with the 
fact that Leishmania promastigote mutants not expressing LPG on their surfaces are 
killed during their early hours inside the sand-fly midgut. However, when LPG 
expression is restored, parasites regain the ability to survive in the vector midgut 
(Pimenta et al. 1994; Sacks et al. 2000; Myskova et al. 2007; Secundino et al. 2010).

 Sand-Fly Competence for Leishmania Related  
to Digestive- Enzyme Action

Susceptibility to digestive-enzyme action is species-specific; therefore, different 
species of Leishmania can modulate proteases action differently within their appro-
priate sand-fly vector. The ability to resist or modulate these enzyme actions is a 
determining factor for parasite survival; consequently it is related to vector compe-
tence. Telleria and colleagues (2010) showed that trypsin expression decreases by 
about 20% in Lutzomyia longipalpis infected with L. (L.) infantum chagasi. The 
enzymatic activity modulation within the vector has been also studied in detail in 
the Phlebotomus genus. Adler and colleagues (1938) noted that Phlebotomus papa-
tasi infected by several unsusceptible Leishmania species are killed during blood- 
meal digestion. This matter was taken up in several studies of Schlein and 
collaborators in 1986, 1987, and 1990, which demonstrated the ability of compati-
ble L. major to partially block digestive-enzyme synthesis in its natural vector, 
P. papatasi. This result was not observed with L. donovani parasites, which induced 
a higher enzyme-production level, causing parasite destruction in this unsusceptible 
vector. Similar studies developed by Pimenta and colleagues (1997) showed that 
P. papatasi/L. major survival is associated with trypsin-enzyme production. Thus, 
levels of Leishmania species and the enzymes secreted by epithelial cells by a spe-
cific sand-fly vector in response to a blood meal are determining factors for infec-
tion development.

It is interesting to note that L. major and L. donovani LPG-deficient mutants sur-
viving in their natural vectors while the blood meal is still present (Sacks et al. 2000; 
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Boulanger et al. 2004; Myskova et al. 2007; Svárovská et al. 2010; Secundino et al. 
2010) does not necessarily decrease LPG’s contribution to the resistance to initial 
parasite death in the midgut because in some cases a modest reduction in LPG-
mutant survival during initial infection has been noted (Sacks et al. 2000; Myskova 
et al. 2007; Secundino et al. 2010). Secundino and colleagues (2010) have observed 
that the addition of PGs derived from LPGs provided to L. major LPG- mutants 
induce resistance in sand fly P. duboscqi against lysis due to midgut proteases.

In conclusion, many Leishmania ingested along with a blood meal are killed dur-
ing digestion in sand-fly midgut because of adverse natural conditions. However, a 
sufficient number of individuals resistant to enzymatic action survive and multiply 
inside the digestive tract in order to beat the other barriers and maintain infection in 
the vector.

 The Second Blood Meal and Action of Digestive Enzymes 
in the Leishmania−Sand Fly Interaction

Sand flies in nature ingest successive blood meals; however, the interaction studies 
cited previously were conducted using only one blood meal. Short (1928) demon-
strated that a second blood meal shows no deleterious effects to Leishmania, and 
Adler (1964) confirmed that re-feeding sand fly with a normal blood meal does not 
decrease the Leishmania infection rate. However, Elnaiem et al. (1997) showed an 
increase in the proportion of L. infantum chagasi metacyclic in infected L. longipal-
pis after a second normal blood feeding, suggesting that the deleterious effect from 
the digestive enzymes was not observed in parasites of the established infection. 
Vivenes and colleagues (2001) also studied the effects of a second normal blood 
meal in Lu. evansi infected with L. mexicana, and they concluded that a second 
meal favors midgut colonization by promastigotes. Furthermore, Nieves and 
Pimenta (2002), studying Lu. migonei (Migonemia migonei) infected with L. brazil-
iensis, confirmed that re-feeding increases the number of promastigotes in the gut 
and therefore plays an important role in transmission because a proliferation of the 
metacyclic population occurs.

Our group has advanced the studies related to second meals in sand-fly vectors. 
We used the sand-fly model, L. intermedia (Nissomyia intermedia), infected with L. 
braziliensis, and re-fed the infected sand flies with blood from several animals 
(Miranda et  al. 2008). The sand flies appeared to ingest the same blood amount 
independent of the animal source, but infection patterns in the vectors changed 
according to the blood source. There were increased parasite numbers in sand flies 
that re-fed on chicken and donkey blood but a moderate increase in vectors that re- 
fed on human, horse, dog, and cattle blood. In contrast, a decreased parasite number 
was observed in infected vectors that re-fed on pork and lamb blood. As we know, 
proteolytic-enzyme action is a crucial factor for infection development; it is likely 
that the second blood meal serves as a new nutrient source; and blood types stimu-
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late Leishmania total population growth, thus increasing the number of promasti-
gotes that can modulate enzyme activity. Curiously, the metacyclic proportion did 
not significantly change in any experimental group of sand flies. The blood-meal 
influence on Leishmania infection is probably related to ingested blood components 
and hence to the vector digestive process. It is possible that, depending on the spe-
cific pair, the re-feeding effect varies depending on each natural pair. Sand flies have 
a marked ability to opportunistically feed on different vertebrates. It appears that the 
second blood meal of infected sand-fly vectors from certain domestic animals can 
increase their ability to transmit Leishmania in endemic areas where those animals 
are found. This may provide a selective advantage to vector competence for some 
sand-fly species in transmitting the Leishmania parasite to vertebrates.

 Leishmania Escape from Sand-Fly Perithrophic Matrix

A crucial barrier to Leishmania development within sand-fly midgut is the structure 
called the “perithrophic matrix” (PM). Immediately after blood-meal ingestion, 
midgut epithelial cells start to synthetize the PM components that will be com-
pletely structured in 24 h, and this will persist until the end of the digestive process 
when the rest of the blood meal is secreted. Similar to other Diptera, sand-fly PM 
consists mainly of chitin and associated proteins and proteoglycans (Gemetchu 
1974; Secundino et al. 2005).

Some classical functions of PM inside insect midguts—such as (a) epithelium 
protection against damage from food elements (Richards and Richards 1977; Berner 
et al. 1983); (b) food compartmentalization and digestive-enzyme permeabilization 
(Terra 1990; Terra and Ferreira 1994); (c) protection of midgut epithelium against 
ingested pathogens (Peters 1992; Miller and Lehane 1993); (d) flow control of small 
molecules, such as digestive enzymes and digestion products, toward midgut cells 
due to PM porosity (Tellam 1996); (e) detoxification by heme sequestering pro-
duced by hemoglobin digestion (Pascoa et al. 2002); and, finally, (f) provision of an 
important physical barrier against pathogen development (Pimenta et al. 1997)—
have been considered in the literature.

PM involvement in parasite−vector interaction has been adequately demon-
strated in several models (Feng 1951; Billingsley and Rudin 1992; Walters et al. 
1992; Shahabuddin et al. 1993; Pimenta et al. 1997). A classic example was devel-
oped by Shahabuddin and colleagues (1993) demonstrating that malaria ookinetes 
secrete a chitinase and partially degrade PM in infected mosquitoes, which allows 
Plasmodium to invade the midgut epithelium to complete its life cycle. Similarly, 
Leishmania species also escape from PM after becoming promastigote, the parasite 
form that is able to produce chitinase (Schlein et al. 1991; Shakarian and Dwyer 
1998; Malta et al. 2016). Schlein and colleagues (1991) found that chitinase and 
N-acetylglucosaminidase are secreted by cultured L. major promastigotes and sug-
gested that these enzymes can catalyze PM degradation, thus allowing parasite 
escape. Shakarian and Dwyer (2000) identified a chitinase gene in L. donovani and 
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demonstrated that the gene locus and the enzymatic activities are conserved in all 
different species strains.

PM properties—such as thickness, biochemical composition, synthesis and deg-
radation—are related to parasites’ ability to survive in sand-fly vectors. Previously 
we discussed the role of digestive-enzyme action in Leishmania drastically decreas-
ing parasite numbers during blood digestion. However, despite the protection con-
ferred by PM to the insect, the parasite uses the PM to protect itself from these 
digestive enzymes. This fact was well shown in sand flies infected with L. major 
(Pimenta et  al. 1997; Pruzinova et  al. 2015). The absence of PM possibly arises 
from feeding sand flies with blood meal containing exogenous chitinase. This lack 
of PM formation in sand-fly midgut has a deleterious effect on Leishmania infection 
because almost all parasites are killed within the vector. If PM is not synthesized, 
Leishmania is quickly destroyed by digestive-enzyme action. The few parasite sur-
vivors are excreted with final digestion products because they did not complete their 
differentiation into promastigote; therefore, they cannot adhere to the midgut epi-
thelium because such adhesion depends on LPG. This is discussed later in the text.

During the development of infection, a great many free promastigotes remain in 
the sand-fly midgut lumen after excretion. To explain this fact, Vaidyanathan (2004, 
2005) proposed an alternative mechanism to parasite adhesion to the midgut epithe-
lium. A peptide secreted by L. major promastigote cells, when added to phleboto-
mine meal, was demonstrated to be capable of inhibiting P. papatasi midgut 
contraction. Thus, the parasites would not be excreted. This may also be related to 
PM degradation. In infected sand fly, degradation occurs in the up-front of the PM 
portion by promastigote chitinase action in contrast to healthy insects, where degra-
dation occurs in the final portion of the abdomen.

In conclusion, the delicate balance between sand-fly vector and Leishmania pro-
tozoa is PM dependent. Initially the PM protects parasites from the direct action of 
digestive enzymes at the time of their differentiation into promastigotes. However, 
the promastigotes must produce a chitinase at the right time to escape from the PM 
and then to adhere to the midgut epithelium (Pimenta et al. 1992) in order to not be 
excreted in final step of the digestive process.

 Leishmania Specific Adhesion to Sand-Fly Midgut Epithelium

Another important barrier to Leishmania within the sand-fly vector is its ability or 
not to adhere to midgut epithelial cells. Midgut epithelium adhesion is a vital phe-
nomenon for Leishmania infection maintenance (Fig. 1). After escaping the PM, 
Leishmania promastigotes must adhere to the midgut epithelium. This adhesion pre-
vents parasite excretion with the rest of the undigested blood and thus allows their 
proliferation and subsequent differentiation.

The molecule that enables and controls the adhesion of promastigotes is 
LPG.  Importantly, Leishmania LPG surface-molecule expression is promastigote 
specific and is not present on the amastigotes’ surface. This observation was impor-
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tant and led the first study in 1992 by Pimenta and colleagues about LPG’s specific 
functions in the interaction process with insect vectors. This was the first parasite 
molecule to be recognized as being active in the interaction process in any patho-
gen−vector studies. LPG function was first studied in the natural pair P. papatasi 
and L. major (Pimenta et  al. 1992). LPG was found to expressed specifically in 
Leishmania promastigote, and it covers its entire surface, including the flagellum, 
being organized as a dense filamentous cellular coat (Pimenta et al. 1989, 1991); 
since then, it has been found in all Leishmania species studied to date (Sacks et al. 
2000; Sacks 2001). The characterization of LPG from L. infantum chagasi and 
L. braziliensis, two important species circulating in Brazil (Soares et  al. 2002, 
2005), has also been elucidated.

The LPG molecule consists of a glycan core with a highly conserved lipid anchor 
and variable oligosaccharide units. LPG’s performance in promastigote binding is 
performed through its saccharide units, which bind specifically to the microvilli of the 
sand-fly midgut epithelial cells (Pimenta et al. 1992; review Sacks et al. 1995). LPG’s 
role in mediating adhesion was confirmed by studies using promastigote mutants, 
which are deficient in specific saccharide-unit expression (Butcher et al. 1996) 

Fig. 1 L. major attached to the midgut by the flagellum. The L. major promastigote (Pr) is seen 
attached by the flagellum (Fl) on the microvilli (Mv) of the midgut epithelium of the sand fly 
P. papatasi. Left inset. LPG binding sites over the epithelium microvilli labeled with anti-LPG/
gold colloidal particles. Electron micrograph from Paulo Pimenta. (Originally published in Saraiva 
et al. 1995)
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or deficient in total molecule expression (Pimenta et al. 1995; Svárovská et al. 2010; 
Secundino et  al. 2010). In the experiments with LPG-deficient mutants, it was 
impossible to retain the sand-fly infection after blood-meal excretion because there 
was no promastigote adhesion to the midgut epithelium. Other studies showed that 
the vector competence of the sand flies to become infected by certain Leishmania 
species is controlled by an LPG polymorphism on the promastigote surface (Pimenta 
et al. 1995). The LPG molecule has a large polymorphism on the parasite surface 
varying its saccharide units in accordance with the Leishmania species observed 
(McConville and Blackwell 1991). Comparative studies conducted with L. amozo-
nensis, L. donovani, L. infantum and L. major revealed that in all these species, the 
ability of promastigotes to adhere to the gut is directly controlled by the LPG struc-
tural polymorphism, which is associated with specific receptors present in the 
microvilli of specific sand-fly species (Pimenta et al. 1995; Kamhawi et al. 2004). 
In 1994, it was suggested that Leishmania LPG should have specific cell receptors 
(lectin types) in the midgut and that this receptor would be responsible for promas-
tigote adhesion on the epithelium (Pimenta et  al. 1994). Only 10  years later, 
Kamhawi and colleagues (2004) demonstrated for P. papatasi and L. major the 
existence of such specific receptors (P. papatasi galectin) connecting LPG with 
sand-fly midgut epithelial microvilli. The results of this study demonstrated that the 
adhesion mechanism via LPG, which was performed using the natural vector pair P. 
papatasi and L. major, plays an important role in the transmission of cutaneous 
leishmaniasis (Fig. 2). However, it is worth noting thus far that the literature does 
not clearly demonstrate adherence to the epithelium in other sand-fly species and 
the possible role of other molecules in this interaction.

 Leishmania Metacyclogenesis Inside Sand-Fly Midgut: 
Promastigote Differentiation into Vertebrate Infective Forms

The parasites’ differentiation into metacyclic and subsequent transmission to verte-
brate hosts can be considered one of the latest barriers to the process of Leishmania−
sand fly interaction. After promastigote adhesion to midgut epithelium, which ensures 
life-cycle continuity within the sand fly, a series of multiplication, changes and dif-
ferentiation in parasite forms, called “metacyclogenesis,” occurs, and this imperative 
phenomenon warranties competence. Metacyclogenesis is a differentiation process 
that produces infective metacyclic promastigotes that are able to be transmitted by 
sand-fly bites and initiate infection in a vertebrate. Metacyclic is considered the only 
Leishmania promastigote form able to initiate the parasite life cycle in a vertebrate. 
Since the initial studies demonstrating that leishmaniasis are transmitted by sand-fly 
vectors, there has been suspicion of a specific promastigote form within the vector that 
adapted to live in vertebrates. Studies by Sacks and colleagues (1984, 1987), compar-
ing promastigotes obtained at subsequent days after sand-fly infective blood feeding, 
demonstrated conclusively that Leishmania parasites are not uniform in transmitting 
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infection to vertebrates. These investigators noted that promastigote populations with 
the ability to infect vertebrates were gradually obtained only after the fourth day of 
vector infection. Thus, this experiment demonstrated the existence of a process within 
the sand flies, i.e., metacyclogenesis, that allowed the development of infective pro-
mastigotes being able to initiate infection in a vertebrate host.

After this initial study, many other studies have contributed to our improved 
knowledge of the metacyclogenesis process because it was possible to obtain meta-
cyclic promastigotes in old axenic cultures and to purify them by agglutination 
methods with lectins (Sacks et al. 1985). These studies demonstrated that metacy-
clics are highly differentiated with distinct morphological characteristics, particu-
larly the presence of a very dense cellular coat constituted essentially by LPG 
(Pimenta et al. 1989, 1991). Subsequently, it was demonstrated that during metacy-
clogenesis, considerable structural changes occur in the promastigote surface with 
LPG changing the types and number of saccharide units. The metacyclic LPG mol-
ecule becomes about three to five times longer than that in other promastigotes, thus 
increasing the thickness of the Leishmania cell coat (Pimenta et al. 1989). The use 
of different techniques associated with electron microscopy, immune-staining and 
cryofracture by Pimenta and collaborators (1989) showed that LPG was present on 
the Leishmania surface as densely filamentous structures distributed exclusively on 
the metacyclic surface. Other additional studies with different LPG fractions dem-
onstrated that these modifications are crucial for procyclic adhesion and metacyclic 

Fig. 2 Scanning confocal microscopy of P. duboscqi midguts infected with L. major. (a) Midgut 
dissected 9 days after infection. Note in blue (DAPI) the epithelial cells and in red the Leishmania 
promastigote adhered to the midgut epithelium. (b) P. duboscqi infected midgut dissected 14 days 
after infection. Note muscle fibers in green (FTC-phalloidin), midgut epithelial cells in blue 
(DAPI); and red parasites (RFP-expressing strain of L. major). (Unpublished photos from Nágila 
Secundino)
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subsequent release from midgut epithelium microvilli of sand-fly vectors (Pimenta 
et  al. 1992). The occurrence of these associated phenomena allows Leishmania 
movement to the anterior portion of the sand-fly digestive tract so they can be inocu-
lated into a new vertebrate host. In addition, studies from the same research group 
with infected sand fly, using a technique that forced infected sand-fly feeding 
through microcapillaries, demonstrated that only metacyclic inoculated by sand 
flies and these promastigotes are identical, including their LPG expression, to those 
obtained in vitro (Saraiva et al. 1995).

So, after metacyclogenesis, the metacyclic migrate to the foregut region and can be 
accumulated in the cardia (a ring coated with cylindrical epithelial cells whose func-
tion is control and direct the blood flow by preventing the blood to be regurgitated). 
Promastigote adhered to this organ can make cuticle damages causing a dysfunction 
on the blood flow control (Schelein et al. 1992; Volf et al. 2004), than the infected 
vector regurgitate the metacyclics on the vertebrate skin in the moment of the bite. 
Moreover, because the insect is not able to ingest enough blood, it repeatedly stings 
the same or even other vertebrates providing a more efficient parasite transmission.

Finally, studies of metacyclic interaction with mammals (da Silva et al. 1989; 
Puentes et  al. 1990) showed that the metacyclic cell coverage is what permits 
Leishmania survival within the vertebrate. Metacyclics have resistance to comple-
ment mediated lysis, which probably promotes their adherence and ingestion by 
macrophages by way of appropriate receptors. However, it is interesting to note that, 
after several attempts, the experimental Leishmania transmission to vertebrates only 
occurred in the year 2003 (Kamhawi et al. 2003) with P. papatasi infecting mice 
with L. major. This was an important study model to study the roles of sand-fly bite 
site and saliva in vertebrate Leishmania transmission.

In conclusion, metacyclogenesis is a phenomenon occurring inside the sand-fly 
midgut that makes the parasite pre-adapted to survive within the vertebrate, thus 
ensuring the continuity of their life cycle.

 The Role of the Sand Fly Saliva in Leishmania Transmission 
to the Vertebrate Host

Studies of the role of the vector’s saliva Leishmania transmission to the vertebrate 
host were important and affirmed that the insect is not only leading parasites to their 
target. The initial study in this field was performed by Titus and Ribeiro (1988) and 
opened up a whole new study field that came to the top with the production of DNA 
vaccines based on saliva components to combat leishmaniasis. This will presented 
and discussed next.

The chemical components present in saliva not only modulate the vertebrate’s 
host response, they also assist in locating the blood vessel and determining the para-
site’s transformation. During the sand-fly bite to obtain the blood meal, the sand fly 
introduces the mouthparts into the host skin along with its saliva, which assists in 
the rapid localization of blood vessels. After these vessels are lacerated, the saliva is 
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responsible for blood-flow maintenance, thus promoting rapid blood feeding by the 
sand fly. Next follows a series of events, i.e. adaptive strategies for the more effec-
tive acquisition of blood. The main saliva functions include platelet-aggregation 
inhibition, anticoagulation, vasodilation and anesthetic function (Kamhawi review 
in 2000). After blood-vessel laceration, vertebrate host response occurs through 
hemostasis (platelet activation and coagulation factors, fibrinogen conversion to 
fibrin) and inflammatory reactions such as erythema, swelling and pain (Ribeiro 
et al. 1995; Kamhawi 2000).

More than a decade ago, Ribeiro and Titus reported that a small amount of sand- 
fly saliva could increase infection when inoculated with Leishmania promastigotes, 
thus demonstrating for the first time the role of sand-fly saliva role in disease devel-
opment (1988). The lesion size and the parasite numbers were increased dramati-
cally when saliva was added to the inoculum during experimental laboratory animal 
infection. Furthermore, the capacity of the vector’s saliva to increase the infectivity 
of Leishmania is restricted to sand-fly saliva because saliva of other arthropods did 
not produce the same effect (Howard 1986; Ribeiro and Titus 1988). In addition, the 
increased infectivity due to the saliva was demonstrated with susceptible and resis-
tant mice co-inoculated with L. major along with the saliva of P. papatasi, both 
vectors and parasites existing in the Old World (Mbow et  al. 1988; Belkaid 
et al.1998). Until recently, the L. salivas of L. longipalpis and P. papatasi are the 
most studied species because they are more easily colonized and are recognized as 
having immunomodulatory activity (see review in Kamawahi 2000).

A pathogenic effect of saliva components was suggested by Warburg et  al. 
(1994). They proposed a possible role in the clinical manifestation related to the 
variability of Leishmania infection inducing or not the Leishmania visceralization. 
They started from the initial observation that L. infantum chagasi transmitted by L. 
longipalpis normally causes visceral leishmaniasis in Brazil and Colombia but not 
in Central America where the infections usually result in skin lesions. The authors 
found that the molecule maxidilan, a vessel dilator and erythema inducer, found 
exclusively in sand-fly saliva, has more potent activity in sand fly L. longipalpis 
found in Brazil and Colombia than in Costa Rica. The authors concluded that the 
maxidilan amount inoculated by the L. longipalpis infected L. infantum chagasi 
determines whether the parasites migrate or not to the vertebrate viscera.

In 1998, Belkaid and colleagues developed a natural cutaneous leishmaniasis 
model in mice to study the effect of saliva in detail. The authors infected mice ears and 
observed the subsequent lesion development and the acute and chronic inflammation. 
The authors confirmed that P. papatasi saliva enhances infection by L. major. The 
substances present in the saliva causing the increased skin lesion  probably are similar 
to the components found in the saliva of L. whitmani, a New World vector species, 
because the same phenomenon was also shown in mice infected with L. braziliensis 
by this vector (Bezerra and Teixeira 2001). It was also shown that sand-fly saliva anti-
genic substances are capable of inducing delay-type hypersensibility (DTH) as 
observed in experimental and human hosts (Belkaid et al. 2000). In Brazil, a signifi-
cant correlation between the anti-gland immunoglobulin G levels and DTH response 
in children was found in an endemic area of visceral leishmaniasis (Barral et al. 2000).
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Furthermore, protection against L. major infection has been shown in mice mod-
els when they are pre-exposed or pre-immunized with the saliva of uninfected vec-
tors saliva (Volf et al. 2000; Belkaid et al. 1998). Further studies have shown that 
saliva components may be candidates for a leishmaniasis vaccine because mice pre- 
exposed to saliva and inoculated with parasites were protected and associated with 
a strong DTH reaction (Valenzuela et al. 2002; Kamhawi et al. 2000a, Elnaiem et al. 
2005). Exacerbation of the infection was abolished in pre-exposed mice to P. papa-
tasi saliva and challenged with L. major (Belkaid et al. 1998). Recent data suggest 
that the response to vector saliva can also be used to monitor human exposure and 
that of other vertebrate hosts bitten by the sand flies; it can be used as a risk marker 
for Leishmania transmission in endemic areas. In addition to findings from relevant 
saliva studies, the 15-kDa P. papatasi saliva protein was able to protect mice against 
infection with L. major. A vaccine containing the cDNA for this 15-kDa protein led 
to the same protection in B-cell knockout mice. These results indicated that the 
DTH response against saliva confers the vaccine protective effect, and salivary com-
ponents or their cDNAs can be used in vaccine production against leishmaniasis 
(Valenzuela et  al. 2001). Updated literature on this subject can be found in the 
papers from Valenzuela’s group (Anderson et al. 2006; Oliveira et al. 2008; Teixeira 
et al. 2010; Hosseini-Vasoukolaei et al. 2016; Ferreira et al. 2016).

All studies on the effect of vector saliva related with exacerbation or protection 
against Leishmania infection were performed using laboratory-colonized vectors. 
However, using the murine model, recent studies have shown significant differences 
in the exacerbation effect caused by colonized, or wild, L. longipalpis salivary gland 
lysates (Laurenti et al. 2009a, b). The saliva of colonized sand flies co-inoculated 
with Leishmania parasites showed a stronger exacerbation effect, causing injuries 
twice larger than those caused by the saliva of wild sand-flies inoculated with para-
sites. Furthermore, it was suggested that the wild-insect saliva does not have the 
same chemotactic factors encountered in the saliva of colonized sand flies. The 
protein amount and composition found in the saliva of both groups were also signifi-
cantly different (Laurenti et al. 2009a). In another study, the same authors suggested 
that this difference could explain the lesser modulation effect on the Leishmania 
infection observed in mice co-inoculated with parasites and saliva from wild sand 
fly compared with those co-inoculated with parasites and saliva from colonized 
sand fly (Laurenti et al. 2009b). Similar studies using the natural pair P. papatasi 
and L. major have shown similar results (Ahmed et al. 2010).

 Leishmania−Transmission Mechanisms by Infected 
Sand-Fly Bite

After metacyclogenesis, it is possible to detect metacyclic forms in the foregut 
region, and the insect is able to transmit Leishmania. However, it is believed that 
simply being infected may influence the vector behavior as we will discuss below.

Different researchers believe in a physical or biological blockage of the 
Leishmania, which is predominant for transmission efficient because fast blood 
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intake is lacking, meaning that the sand fly must bite the host’s skin multiple times. 
Killick-Kendrick and Molyneaux (1981) suggested a transmission mechanism in 
which metacyclic interferes directly in the mouthpart sensilla, which controls prob-
ing and feeding, thus influencing the blood rate and direction in the alimentary canal 
and promoting the parasite’s release on the skin. The stomodeal-valve physical 
damage was proposed attributed to the Leishmania chitinase action (Schlein et al. 
1992; Volf 2004). The authors suggested that valve physical damage promotes or 
facilitates infective metacylic regurgitation into the vertebrate’s skin.

Other investigators, however, have described the transmission block to biological 
parasite masses being embedded in a gel-like matrix in the stomodeal valve (Warburg 
et al. 1986; Lawyer et al. 1987, 1990; Walters et al. 1987, 1989 Stierhof et al. 1999; 
Rogers et al. 2002). This gel-like substance secreted by the parasite in the vector mid-
gut is called promastigote secretory gel (PMG), and it is also responsible for mechani-
cal dysfunction on the stomodeal valve formed by plug pressure. This gel was found 
in L. longipalpis infected with L. mexicana and P. papatasi infected with L. major. 
This obstruction is common in all Leishmania−vector combinations studied so far 
(Stierhof et al. 1999; Rogers et al. 2002, 2004), and it is caused by PPG, a mucin-like 
substance secreted by parasites inside the midgut. High concentration and limited 
phlebotomine gut space induce PPGs in the form of PSG (Stierhof et  al. 1999). 
Thereby, it is believed that PSG blocking alters sand fly−probing behavior, which 
increases the number of attempts to bite and the feeding time (Killick- Kendrick et al. 
1977; Beach et al. 1985; Rogers et al. 2002; Rogers and Bates 2007; Bates 2008).

In conclusion, after vessel laceration, saliva is responsible for blood-flow main-
tenance, thus promoting rapid feeding. These events, both physical and biological, 
could cause changes in the insect’s behavior to facilitate parasite deposition. Actions 
such as (a) vertebrate tissue injury caused by the bite, (b) PSG, and (c) saliva would 
help the sand fly retain its meal and facilitate successful parasite entry, thus exacer-
bating the infection (Schlein et al. 1992; Volf et al. 2004; Rogers et al. 2004; Peters 
et al. 2008; Oliveira et al. 2008).

After several attempts, Leishmania experimental transmission occurred only in 
the year 2003 (Kamhawi et al. 2003) with the model of P. papatasi and L. major 
infecting mice. This model allowed several groups to understand disease transmis-
sion from the vector−host point of view, i.e. by bite-like natural transmission. In 
summary, two aspects were relevant: the bite and the Leishmania dose transmitted 
to the host as follows:

 (a) Sand-fly bite: The infected sand-fly female inoculates exclusively infective 
metacyclic promastigote forms into the host’s skin. These are phagocytosed by 
macrophages, directly or after neutrophil infection, and are rapidly recruited to 
the bite site (van Zandbergen et  al. 2004; Peters et  al. 2008). Images of the 
parasite-transmission process showed a significant role of neutrophils, which 
are rapidly attracted to the bite site, thus ensuring parasite survival in the early 
period of infection (Peters et al. 2008).

 (b) Sand-fly transmitted dose: In the literature, all knowledge generated about 
the infection process and the establishment of Leishmania in vertebrate hosts 
has come from studies on subcutaneous or intradermal parasite inoculation. 
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The traditional, routine experiments use different amounts of parasites (102–107 
parasites/mL) (Belkaid et al. 1998, 2000). The parasite number in the inoculum 
was appropriate due to the need to establish infection in the natural host with-
out, however, considering the Leishmania number inoculated by the sand-fly 
vector. It has been suggested that the amount of L. mexicana regurgitated by L. 
longipalpis varies (10–10,000 parasites). However, this study was conducted 
using an experimental model, and the parasites were collected through a mem-
brane apparatus (Rogers et al. 2004). Finally, a quantitative polymerase chain 
reaction study using P. papatasi infected with L. major demonstrated that the 
sand fly could inoculate 100−100,000 parasites into the host’s tissue. Dose dis-
tribution showed a binomial profile: About 75% of the sand flies released ≤600 
promastigotes, whereas the other 25% injected >1000 parasites. High doses of 
infection were strongly associated with sand-fly infection that presented at least 
30,000 parasites/midgut (Kimblin et  al. 2008). A similar study established a 
transmission model of L. infantum chagasi by the bite of L. longipalpis, the 
vector of American visceral leishmaniasis. The parasites were successfully 
transmitted by infected sand-fly bites to mice and hamsters (Fig. 3), thus indi-
cating that both animals are good experimental models. The L. infantum cha-
gasi dose that was transmitted in each single bite ranged from 10−10,000 
parasites, but 75% of the sand flies transmitted <300 parasites (Secundino et al. 
2012). These two studies elucidated the Leishmania-transmission mechanism 
by vector bites of both New World and Old World sand flies.

Fig. 3 Experimental transmission of L. infantum chagasi by the bite of infected sand fly L. longi-
palpis in an ear of Balb/C mouse. A single sand fly was confined within a vial and allowed to bite 
the animal’s entire ear. Note the blood-meal engorgement of the sand fly (white arrow). (Originally 
published in Secundino et al. 2012)
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The eco-epidemiology of Brazilian American cutaneous leishmaniasis (ACL) is a 
complex of epidemiological chains involving different parasites, vectors, and reser-
voirs. The transmission of the seven Leishmania spp. associated with ACL in Brazil 
involves different phlebotomine species that are closely associated with the para-
site’s mammalian reservoirs, which range from Xenathra to rodents to primates, 
resulting in a variety of transmission cycles in the different geographical regions in 
the country. However, evidence is also accumulating that indicates that there are 
geographical clades of the different Leishmania species that may be associated with 
different vectors. Leishmania species (L. (Leishmania) amazonensis; L. (Viannia) 
braziliensis; L. (V.) guyanensis; L. (V.) lainsoni; L. (V.) shawi; L. (V.) naiffi; and 
L. (V.) lindenbergi) are associated with human cutaneous leishmaniasis. However, 
other Brazilian parasites of the subfamily Leishmaniinae exist, some of which are 
found in sand flies (L. (V.) utingensis; Endotrypanum spp.), whereas others 
(L. (Mundinia) enriettii; Porcisia deanei) have so far not been recorded in them (the 
parasite nomenclature follows that published in Espinosa et al. 2016).

Over the years well-defined and accepted criteria, data from field studies and—in 
some cases—experimental results have led to some species being considered as 
ACL vectors. In our opinion, some are primary vectors, and we will discuss these 
first. However, an increasing amount of data, principally from molecular studies, 
suggest that other sand-fly species may be participating in the cycles, and we will 
discuss these towards the end of this chapter.
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 Nyssomyia intermedia (Lutz & Neiva, 1912)

Nyssomyia intermedia was described from specimens collected at Fazenda Ouro 
Fino in the municipality of Além Paraíba (MG) and also from SP and RJ, where it 
was found to be abundant in homes. It was one of the first phlebotomine species to 
be described in the neotropical region (Barretto 1961; Martins et al. 1978; Young 
and Duncan 1994; Marcondes 1996). The current geographic distribution of Ny. 
intermedia includes Brazil (PA, PI, MA, PE, PR, SC, RS, MG, MS, GO and TO 
[Fig. 1]), Argentina and Paraguay (Young and Duncan 1994; Marcondes et al. 1997; 
Rangel and Lainson 2003, 2009).

Recently published projections under climate-change scenarios predict a global 
decrease in the climatically suitable areas of Ny. intermedia in Brazil with a slight 
expansion in specific areas of the Northeast region for the upcoming decades 
(McIntyre et al. 2017).

Fig. 1 Distribution of sand-fly vectors of ACL in Brazil
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One year after the suggestion of the transmission of cutaneous leishmaniasis by 
sand flies in the Old World (Sergent et al. 1921), Aragão (1922, 1927) reported in 
the city of Rio de Janeiro (locality Águas Férreas, currently Cosme Velho and Santa 
Tereza) the importance of Ny. intermedia in the transmission of L. (V.) braziliensis 
by inoculating a triturated pool of this sand fly in the nose of a dog and thus experi-
mentally reproducing the disease for the first time on the American continent. 
Subsequently, Costa Lima (1932) recorded the occurrence of Ny. intermedia and 
Migonemyia migonei in the neighbourhoods of Copacabana and Laranjeiras, near 
the slopes of Corcovado and Santa Teresa hills, in Rio de Janeiro. In 1952, Forattini 
and Santos found promastigotes (referred to as “leptomonads”) in Ny. intermedia, 
like those observed by Aragão (1922).

Forattini (1973) pointed out an irregular seasonal behaviour for this species in 
observing greater population density during the colder months of the year. However, 
Rangel et al. (1990) reported the occurrence of the vector throughout the year, and 
Souza et al. (2003) demonstrated that in Rio de Janeiro, Ny. intermedia has high 
density during the hottest times of the year.

Epidemiological evidences suggest Ny. intermedia as a vector of L. (V.) brazil-
iensis in endemic areas in the Southeast, considered the main ACL vector in SP and 
RJ (Forattini 1953, 1973; Forattini et al. 1976; Araújo Filho et al. 1981; Gomes et al. 
1986; Rangel et  al. 1986, 1990, 1992, 1999; Meneses et  al. 2005; Rangel and 
Lainson 2009). Pita-Pereira et al. (2005) isolated the parasite from Ny. interme-
dia, captured in a focus of ACL in Jacarepaguá (RJ), and identified it as L. (V.) 
braziliensis. This reinforced all the ecological and epidemiological evidence 
regarding this vector. In MG and ES, it shares its vector role with Ny. whitmani 
(Barretto 1943; Falqueto 1995; Mayrink et  al. 1979; Aguiar & Soucasaux 1984; 
Souza-Rocha et al. 2007).

Ny. intermedia starts its hematophagous activities at dusk and peaks during the 
first half of the night. It is abundant inside houses; in peri-domiciliary environments 
in domestic-animal shelters, such as birds, dogs, equines, and rodents; and in the 
forest to feed on other wild animals (Forattini 1953, 1973, 1976; Araujo Filho et al. 
1981; Rangel et al. 1986; Gomes and Galati 1989; Pirmez et al. 1997; Afonso et al. 
2005).

 Nyssomia neivai (Pinto, 1926)

This species was described from a sample of males collected in the city of São Paulo 
at the Butantan Institute. It was considered a synonym of Ny. intermedia. Marcondes 
(1996), however, revalidated Ny. neivai as a species after a study of morphological 
and morphometric characters of specimens collected in Bolivia and the holotypes of 
both species. The distinction between Ny. intermedia and Ny. neivai was made pos-
sible mainly by morphological differences in the spermathecae (Marcondes 1996; 
Marcondes and Alexander 2003; Andrade-Filho et al. 2004). The males of the spe-
cies were not separated by morphology but only by a series of morphometric data 
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(Marcondes and Borges 2000). According to Andrade-Filho and Brazil (2003), the 
presence of cryptic species, such as Ny. intermedia and Ny. neivai, is a result of 
allopatry, which in the case of these species must have occurred about 250,000 years 
ago, thus indicating that the separation of species was recent.

Ny. neivai occurs in colder and drier regions of Brazil compared with Ny. inter-
media (Marcondes et  al. 1998, Fig.  1). It was suggested as an important vector 
mainly in the states of the South and Southeast regions. According to McIntyre et al. 
(2017), the appropriate climatic range of Ny. neivai is currently restricted to the 
South, Southeast, and Central West regions of Brazil, extending to western Bolivia 
and Paraguay, like Ny. intermedia. The investigators predict that Ny. neivai will face 
changes in its climatic range in the future with the Central West region, in particular, 
becoming less habitable.

The first record of Ny. neivai naturally infected by L. (V.) spp., possibly L. (V.) 
braziliensis, was described by Marcondes et  al. (1999) using PCR techniques of 
specimens collected in Piçarras (SC). Later, Silva et al. (2008) found a high inci-
dence of Ny. neivai in 37 municipalities of PR where 75.6% of all specimens 
 collected were Ny. neivai, thus suggesting their possible participation in the disease 
cycle. This hypothesis gained strength with the encounter of specimens of Ny. 
neivai infected with L. (V.) spp. in this state by multiplex PCR techniques (Oliveira 
et al. 2011). Since 2002, autochthonous cases of ACL by L. (V.) braziliensis have 
been recorded in the outskirts of the city of Porto Alegre (RS), in vegetation areas 
near streams (Pita-Pereira et al. 2009). Entomological studies revealed a large pre-
dominance of Ny. neivai in the area of   occurrence of the cases (Gonçalves 2003); 
later, the natural infection by L. (V.) spp. was found in this species by PCR tech-
niques, thus identifying the phlebotomine as a potential vector of L. (V.) braziliensis 
(Pita-Pereira et al. 2009).

Recent investigations in the Southeast region suggest that the migration of Ny. 
neivai from forests to residential areas has resulted in the occurrence of ACL cases. 
However, in a study on the biology of this sand fly in an endemic area in São Paulo, 
the investigators considered it as having low competence as Leishmania vector 
(Casanova et al. 2009). Studies on the feeding preferences of Ny. neivai showed that 
it is an opportunistic sand fly (feeding on domestic animals such as pigs, dogs, rab-
bits, and chicken) with few specific host preferences (Dias-Sversutti et al. 2007).

 Migonemyia migonei (França, 1920)

The literature suggests that Mg. migonei is a sylvatic species found in forests, gener-
ally areas of abundant vegetation, occurring less frequently in secondary forests and 
in capoeiras. However, it is common to observe this phlebotomine inside houses and 
in domestic animal shelters (Barretto 1943; Forattini 1973; Araújo Filho et al. 1981; 
Rangel et al. 1986). It is believed that this species has great capacity for adaptation, 
surviving in degraded areas by man, and approaching impacted environments where 
it feeds on domestic animals and man, possibly being able to maintain the enzootic 
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cycle of the disease in areas of secondary forest (Ferreira et al. 2001; Queiroz et al. 
1994; Rangel and Lainson 2009). It is distributed in Brazil (AP, AC, PA, MA, CE, 
PB, PE, BA, ES, RJ, SP, PR, SC, RS, MG, MT, Fig.  1), Venezuela, Argentina, 
Paraguay, Peru, Trinidad, and Tobago (Young and Duncan 1994; Rangel and 
Lainson 2003).

According to seasonal studies conducted in PE, Mg. migonei can be captured 
during all months of the year; however, other studies have indicated the absence of 
the vector during the coldest and driest months (Rangel and Lainson 2009; 
Guimarães et al. 2012).

Its hematophagous activity begins at dusk and advances into the night. According 
to Nieves and Pimenta (2002), L. (V.) braziliensis infections were observed in Mg. 
migonei females that fed on wild rats, opossums, horses, and males. The first cita-
tion of the role of Mg. migonei in the ACL-transmission cycle was through the 
encounter of a species naturally infected by flagellates, probably Leishmania pro-
mastigotes, in 1941 by Pessoa and Coutinho in São Paulo. Later studies also showed 
the coincident increase of ACL cases and Mg. migonei specimens in SP 
 (Camargo- Neves et al. 2002; Rangel and Lainson 2009). In RJ, the species has been 
implicated as a probable vector in regions, such as Ilha Grande and Jacarepaguá, 
where the species has a preference for biting dogs and is associated with the main-
tenance of canine leishmaniasis in addition to its natural infection with L. (V.) bra-
ziliensis in Jacarepaguá (Pita-Pereira et al. 2005; Rangel and Lainson 2009; Gouveia 
et al. 2012; Carvalho et al. 2014). Mg. migonei has also been associated with ACL 
transmission in MG and ES.  In the Northeast region, more precisely in CE, Mg. 
migonei was found to be naturally infected by L. (V.) braziliensis (Azevedo & 
Rangel 1991, Queiroz et al. 1994). However, this occurred only as a secondary vec-
tor of ACL (Rangel and Lainson 2009). Recently molecular studies using PCR tech-
niques identified Mg. migonei infected by L. (L.) infantum chagasi, the etiological 
agent of AVL, in PE and CE (Carvalho et al. 2010; Silva et al. 2014a, b; Rodrigues 
et al. 2016).

 Nyssomyia whitmani (Antunes & Coutinho, 1939)

N. whitmani was described by Antunes and Coutinho in 1939 as Flebotomus whit-
mani in honour of Dr. Whitman of the Rockefeller Foundation, which collaborated 
with the Brazilian government in the Yellow Fever Campaign. The new species was 
described based on male and female specimens collected in Ilhéus (BA). Until 
1939, it was misidentified as Ny. intermedia. In Brazil, this species was registered 
throughout the country except for SC and RS (Fig. 1) and beyond in French Guiana, 
Paraguay, Peru, and Argentina (Young and Duncan 1994).

The participation of Ny. whitmani in the epidemiological chain of ACL is 
restricted to the Brazilian territory where its first report as a vector was in SP when 
it was found infected by flagellates, possibly Leishmania (Pessôa & Coutinho 
1941). It was considered a sylvatic species, although it could be found inside houses 
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that were located within or near the forest. At dusk, it was found biting man and 
feeding on dogs and was shown to be present in large numbers in chicken houses. 
Because the localities Barretto (1943) studied were close to deforested areas, he 
suggested that the high-density population under these circumstances was simply 
due to the wide variety of blood sources available to this sand fly.

In 1953, Forattini confirmed the presence of Ny. whitmani in both the forest and 
nearby domestic animal shelters in SP. Later (1960) he commented on the fact that 
although initially dependent on primary forest, this sand fly could now be captured 
during several months of the year inside houses, peri-domestic pigsties, and banana 
plantations and that there was no doubt that it was now thriving in a domestic envi-
ronment. In the same publication, Forattini (1953) believed that although there were 
reports indicating that Ny. whitmani coexists with Ny. intermedia in areas recently 
occupied by man and may outnumber the latter species as the environmental altera-
tions proceed, more detailed information was needed to confirm this suggestion.

In RJ in general, the Ny. whitmani population has for some time remained at a 
low level (Rangel et  al. 1986, 1990; Oliveira et  al. 1995). Souza et  al. (2001) 
 registered this sand fly’s presence in the Atlantic Forest and, more importantly, its 
frequency in residential areas close to the forest. The same investigators recorded 
both Ny. intermedia and Ny. whitmani biting man in a peri-domestic habitat close to 
the forest and noted that the former prevailed in the residential area, whereas the 
latter was the most frequent of the two insects in the forest. They observed a higher 
density of Ny. whitmani during winter months, whereas Ny. intermedia was most 
abundant during the hotter months of the year (Souza et al. 2002).

The tendency of Ny. whitmani to occupy residential areas in MG was discussed 
by Mayrink et al. (1979) and Passos et al. (1991). It was found feeding on man and 
domestic animals and thought to possibly be breeding in this habitat. Conversely, it 
was found in very small numbers in the neighbouring forest.

In Northeast Brazil, in BA, CE and PE, its behaviour has been shown to be like 
that seen in the Southeast region, namely, highly attracted to man and well adapted 
to the domiciliary habitat (Barreto et al. 1982; Vexenat et al. 1986; Brandão-Filho 
et al. 2003). In BA, it was suggested that Ny. whitmani might be breeding on cocoa 
plantations (França et al. 1991).

Regarding seasonality, differences in behaviour have been noted in different 
regions of Brazil, probably due to differing climatic conditions. In the Southern 
region, for example, Barretto (1943) noted its presence year-round, whereas in stud-
ies in Petrópolis, RJ, it was found in greater numbers during the months of low 
temperatures in June through August (Souza et al. 2002).

Although the dusk and nocturnal feeding habit of Ny. whitmani follows the usual 
sand-fly pattern (Barretto 1943), it, too, has been shown to be somewhat variable in 
different regions of Brazil. In the Northeast, Azevedo and Rangel (1991) showed that 
it can also be captured during the whole of the dawn period, in chicken houses or 
feeding on equines, with maximum activity from 1–3 am. Souza et al. (2004) noted 
that in RJ it could be found feeding on man, in the peri-domestic habitat, between 4 
and 6 am, and such behaviour was previously recorded by Teodoro et al. (1993) in 
PR; studies on host preferences of Ny. whitmani among domestic animals, made in 
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the same state, showed that this insect is an opportunistic feeder resulting in a wide 
choice of hosts in the peri-domestic environments of human colonization.

In the primary forest, in several different regions of PA, Lainson et al. (1979) 
noted that Ny. whitmani has very different habits from those discussed previously in 
other regions. It was found to be essentially sylvatic and was captured principally 
from large tree trunks and in the forest canopy. It was disinclined to bite man and 
attempts to demonstrate its invasion of houses located very near the forest were 
completely unsuccessful. Subsequent studies confirmed these observations and led 
to the conclusion that any divergence from this behaviour is likely to occur only 
under special conditions (Ready et al. 1986; Lainson 1988; Shaw et al. 1991).

This situation led to the suggestion that Ny. whitmani might represent a species 
complex of two or more taxa (Lainson 1988), and this has resulted in several com-
parative studies on populations of this sand fly from widely different areas of Brazil. 
Some investigations suggested the existence of at least three different lineages of 
this sand fly based on biological characters, geographical variations, and morpho-
metric features together with observations on sequences of mitochondrial DNA 
(Rangel et al. 1996; Ready et al. 1997, 1998). Rangel et al. (1996) made it clear, 
however, that they did not discard the possibility that the populations they studied—
from PA, CE, and BA—could represent a cline. Ishikawa et al. (1999) studied popu-
lations from the North, Northeast, Southeast, and the South regions and indicated 
the existence of a clade from RO within the lineage of forested areas, which included 
haplotypes of the Amazon and Atlantic forests and Ilhéus (the type locality of Ny. 
whitmani). They suggested that their findings did not sustain the hypothesis of a 
cryptic species complex but rather the occurrence of a recent crossing-over of popu-
lations in forested areas.

Margonari et al. (2004) studied populations of Ny. whitmani from the Northeast 
and the Southeast of Brazil. They confirmed observations on the similar morphom-
etry of these but presented evidence of two biogeographical “clusters.” Later, how-
ever, they suggested the existence of a genetic flow between the two lineages.

Regarding the incrimination of Ny. whitmani as an important vector of ACL, the 
first suggestion of this was made in 1941, when Pessôa and Coutinho found a speci-
men from SP infected by flagellates, which were considered possibly to be promas-
tigotes of Leishmania: As a result, entomological investigations were intensified in 
areas of ACL transmission in this region and soon showed that although considered 
as a sylvatic species, Ny. whitmani was a highly anthropophilic sand fly with a par-
ticularly dense population (Barretto 1943; Forattini 1954).

In Southeastern Brazil, data in the literature suggest the participation of this sand 
fly in the transmission of ACL in a focus of the disease in Caratinga, MG, and in the 
mountainous area of Afonso Cláudio (Mayrink et  al. 1979; Falqueto 1995), and 
Souza et al. (2002) considered that it might be sharing the role of a vector of L. (V.) 
braziliensis, together with Ny. intermedia, in rural RJ. Recently, the finding of a 
specimen of Ny. whitmani infected with a Leishmania of the subgenus Viannia by 
PCR analysis, in a region very close to Belo Horizonte, MG, has led to the sugges-
tion that this sand fly could be the vector of cutaneous leishmaniasis in that area 
(Carvalho et al. 2008).
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In the South, Ny. whitmani was also considered as a possible vector of ACL in PR, 
whereas in the northern part of this state a natural infection with L. (V.) braziliensis 
found in one specimen and the insect’s high population density clearly emphasized 
this sand fly’s medical importance (Luz et al. 2000; Teodoro et al. 2003).

In all areas of ACL in Northeast Brazil, this same species of sand fly is consid-
ered as an important vector of the disease based on the finding of specimens infected 
by L. (V.) braziliensis in the area of Três Braços, BA (Hoch et al. 1986; Ryan et al. 
1990). The sand fly’s predominance in houses and the peri-domestic habitats in 
general prompted these investigators to suggest the development of a purely domes-
tic cycle of transmission by Ny. whitmani. In Ilhéus, BA, the type locality of this 
sand fly, its fondness for human blood, and its high population density in the domes-
tic habitat led to the same conclusion (Azevedo and Rangel 1991). In the Serra de 
Baturité, CE, a parasite of the subgenus Viannia and others positively identified as 
L. (V.) braziliensis were found in dissected Ny. whitmani (Azevedo et  al. 1990; 
Queiróz et  al. 1994) and, once again, these findings—together with population 
 density in the peri-domestic habitat—indicated this fly as the local vector of ACL 
due to this parasite. Gil et al. (2003) registered Ny. whitmani as the second most 
prolific sand fly in captures made in the central area of RO, stressed its preferential 
arboreal habits, and recorded the presence of unidentified trypanosomatid parasites 
in some specimens.

In the municipalities of Rio Branco, Bujari, and Xapuri, AC, a study of sand-fly 
fauna and the potential vectors of ACL showed that Ny. whitmani was the most 
abundant species with its spatial distribution coinciding with proven transmission 
sites of L. (V.) braziliensis: it was therefore suggested that this sand fly was a prob-
able vector of this parasite in that region (Azevedo 2008).

The state of Tocantins (TO) has suffered environmental impacts resulting in eco-
logical changes due to the construction of hydroelectric plants, agricultural activi-
ties, and the establishment of new settlement areas, and the increasingly high 
incidence of ACL in this region has probably been due to these activities. Ny. whit-
mani is found in most of the endemic municipalities especially in areas that have 
been degraded by man (Vilela et al. 2008). In the Central West region, some studies 
conducted in areas that suffered environmental changes due to human activities 
have suggested Ny. whitmani as an important vector of L. (V.) braziliensis (Galati 
et al. 1996; Dorval et al. 2009).

This sand fly is one of the principal ACL vectors in Brazil having been recorded 
in large numbers of endemic areas (Costa et al. 2007) and in association with a wide 
vegetation diversity. Environmental and climatic changes most probably account for 
the spread of ACL in Brazil in recent years (Shaw 2007), and Ny. whitmani adapts 
readily to new environments, such as degraded areas, in association with domestic 
animals and man in rural and peri-urban areas (Costa et  al. 2007; Shaw 2008). 
Peterson and Shaw’s (2003) ecological niche modelling of ACL vectors predicted 
that climate warming would favour the adaptation of Ny. whitmani to new areas as 
well as its geographical expansion within Brazil.

The very different behaviour of Ny. whitmani in the primary forest in PA, North 
Brazil, has already been discussed, and until now this sand fly has not been associ-
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ated with ACL due to L. (V.) braziliensis in this region. The suggestion was made, 
however, that promastigotes of a member of the subgenus Viannia found in this sand 
fly in Monte Dourado, PA—an area of ACL due to L. (V.) guyanensis— were prob-
ably those of this parasite and that Ny. whitmani was participating in its transmis-
sion together with the principal vector, Ny. umbratilis (Lainson et al. 1981b). The 
parasite was not identified at the time, and in view of later isolations of L. (V.) shawi 
from Ny. whitmani in another area of primary forest in PA (Lainson et al. 1989), it 
was suggested that the parasite of Ny. whitmani in Monte Dourado, PA, was also L. 
(V.) shawi (Rangel et al. 1996, Lainson & Shaw 1998). However, the Monte Dourado 
Ny. whitmani infections were recently typed (de Souza et al. 2017) and proved to be 
L. (V.) guyanensis. Therefore, we conclude that in the Brazilian Guiana Shield Ny. 
whitmani participates in the transmission of L. (V.) guyanensis as previously sug-
gested (Lainson et al. 1981b).

The comment by Lainson (1988), based on years of entomological observations 
in areas of primary forest in PA by workers in the Instituto Evandro Chagas (i.e. that 
in Amazonia Ny. whitmani is “seldom observed biting man, and never in large num-
bers”) conflicts with the frequency of human L. (V.) shawi infections. One explana-
tion could be that other anthropophilic sand flies are involved in the transmission of 
L. (V.) shawi with Ny. whitmani merely maintaining the enzootic in wild animals. 
However, Campbell-Lendrum et al. (1999) observed no significant difference in the 
anthropophily of Ny. whitmani from North Brazil and Ny. whitmani sensu stricto 
from other areas in Brazil. The Instituto Evandro Chagas team’s observations were 
made in primary forest biomes, in which it was either absent (de Souza et al. 1996; 
Ward et al. 1973b) or present in small numbers (de Souza et al. 2016, 2017). Those 
of Campbell-Lendrum et al. (1999) were performed in a “patch of degraded primary 
forest” in an area of extensive deforestation. Another study (Donalisio et al. 2012) 
clearly showed a highly significant difference between the sizes of populations in 
forested and peri-domiciliary areas of PE. A simple explanation for the apparently 
conflicting opinions in relation to the anthropophily of Amazonian Ny. whitmani 
populations is variations in population densities related to environmental conditions. 
The fact that fewer flies are attracted to men in different areas is perhaps not because 
of difference in their anthropophily rather but differences in populations sizes.

 Bichromomyia flaviscutellata (Mangabeira, 1942)

In their various field trips in Brazil, Mangabeira and collaborators captured approxi-
mately 17,000 specimens of sand flies representing 57 different species and with 35 
of them being new to science. Among the latter was Mangabeira’s description of Bi. 
flaviscutellata, which was based only on male insects and collected in the locality 
of Aurá close to Belém, PA.  Later, Sherlock and Carneiro (1962) described the 
female of the species after the establishment of a laboratory colony of this sand fly 
from BA. It must be stressed, however, that the taxonomic status of the material 
from BA has been questioned (Young and Duncan 1994). The specific name of this 
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sand fly was probably chosen in view of the double colouration of the shield where 
the scutelum is clear and the remainder of the structure a dark brown (Latin fla-
vus = golden; yellow + scutu = shield).

Bi. flaviscutellata has an extensive geographical distribution (Fig. 1) and can be 
found in very different habitats such as primary forest, secondary or copse-like veg-
etation, and lowland várzea forest, which during half of the year is subject to vari-
ous degrees of flooding. Ready et al. (1983) showed that together with the various 
rodents and marsupials on which it feeds, it rapidly adapts to plantations of intro-
duced trees, such as Pinus and Gmelina, and it is occasionally captured in the peri- 
domestic habitat of houses located near forest (Lainson et al. 1994). The distribution 
and population ecology of Bi. flaviscutellata are also influenced by climate, particu-
larly by seasonal precipitation (Shaw and Lainson 1972; Ready et  al. 1983). 
Projections from climate-change scenarios suggest an expansion of climatically 
suitable areas for Bi. flaviscutellata in the Southeast and South regions of Brazil in 
the future (Carvalho et  al. 2015). Given continuous environmental and climatic 
changes, there are modifications in the behaviour of some sand-fly vectors of leish-
maniasis, and in the Brazilian Cerrado of Central Brazil (extensive, flat areas of 
low, fire-resistant trees, small palms, and thorny bushes), it is possible to note the 
spread of Bi. flaviscutellata found in association with domestic-animal shelters and 
the presence of new cases of anergid diffuse cutaneous leishmaniasis (ADCL) 
(Vilela et al. 2008, 2011; Shaw 2008; Nunes et al. 2008; Queiroz et al. 2012; Brito 
et al. 2014).

Bi. flaviscutellata is a low-flying sand fly that is essentially nocturnal in its biting 
habits and highly attracted to rodents but not greatly attracted to man (Lainson and 
Shaw 1968; Shaw and Lainson 1968; Shaw et al. 1972; Gomes 1994; Vilela et al. 
2006, 2007). This is fortunate because it is the proven vector of Leishmania (L.) 
amazonensis, which, in addition to being an agent of single-lesion cutaneous leish-
maniasis, is also the cause of ADCL in individuals with a faulty immunological 
system. ADCL is highly disfiguring and cured with difficulty. In Brazil, human 
cases of ADCL were notified in North, Northeast, Central West, and Southeast 
regions (Costa et al. 2009). In 2007 the first autochthonous human case of ADCL 
from RJ was notified in the municipality of Paraty (Azeredo-Coutinho et al. 2007). 
Despite the records of Bi. flaviscutellata in the neighbouring municipality of Angra 
dos Reis (Araújo Filho et al. 1981; Carvalho et al. 2013), the vector remains to be 
detected in Paraty even after 3  years of monthly sand-fly captures in the region 
(Vieira et al. 2015). Bi. flaviscutellata was not detected in Paraty probably because 
animal-baited Disney traps were not yet used. This has proven to be the best capture 
method for zoophilic sand flies such as Bi. flaviscutellata (Shaw & Lainson 1968; 
Dorval et al. 2007, 2009, 2010).

In 1963, Lainson paid a visit to the Instituto Evandro Chagas in Belém, PA, and 
during a demonstration of the animal-trapping programme of the Rockefeller Virus 
Laboratory discussed the unique opportunity this held for the examination of these 
animals for evidence of Leishmania infections: ACL was a considerable public 
health problem in the Amazon Region of Brazil. The director of the programme, the 
late Dr. Otis Causey, was impressed with the similarity of cutaneous lesions he had 
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seen on the tails of wild rodents and those caused by Leishmania (L.) mexicana on 
the tails of forest rodents in Belize, Central America (Lainson and Strangways- 
Dixon 1964). He promised to look more closely at the next ones he saw and within 
a few days presented Lainson with a stained smear of a lesion on the tail of the 
rodent Oryzomys capito, which was rich in amastigotes. At first it was thought that 
the parasite was L. (V.) braziliensis (Guimarães & Costa 1966), but after subsequent 
study of the parasite it was given the name of Leishmania mexicana amazonensis 
(Lainson & Shaw 1972) and later amended to Leishmania (L.) amazonensis (Lainson 
& Shaw 1987).

With the knowledge that rodents were important reservoir hosts of the parasite, 
rodent-baited Disney traps were used to capture sand flies attracted to them. By far 
the greatest number trapped were Bi. flaviscutellata, and dissection of these revealed 
8 of 2706 to be heavily infected with promastigotes, which proved to be those of L. 
(L.) amazonensis (Lainson & Shaw 1968): During this and continuing studies, a 
total of 45 heavily infected Bi. flaviscutellata were recorded in 7498 females dis-
sected, and on no occasion was the parasite encountered in other species of sand 
flies from the same area.

Finally, L. (L.) amazonensis was experimentally transmitted from hamster to 
hamster by the bite of Bi. flaviscutellata (Ward et  al. 1977). This species was 
replaced in the upper reaches of the Amazon River in the Rondônia and Amazonia 
states by Bi. olmeca nociva and Bi. reducta. Infections of L. (L.) amazonensis have 
been found in both, and it seems likely that these two species are its vector in these 
areas.

 Nyssomyia umbratilis (Ward & Fraiha, 1977)

During a study of the epidemiology of cutaneous leishmaniasis in Surinam in 1966, 
Wijers and Linger recorded flagellate infections in a tree-trunk inhabiting sand fly, 
which they referred to as Phlebotomus anduzei (syn. Ny. anduzei). It was thought to 
be the most likely vector of “bosch yaws,” or pian-bois, due to L. (V.) guyanensis, 
but their attempts to infect hamsters with the flagellates failed, and the parasite 
remained unidentified.

Lainson et al. (1976) worked in the primary forest of Monte Dourado (Jari), PA, 
Brazil, north of the Amazon River, where approximately 300 cases of ACL due to L. 
(V.) guyanensis were recorded, in 1 year, in men working on deforestation. They 
recorded massive infections with L. (V.) guyanensis in 4 of 55 specimens of a sand 
fly considered, at the time, to be Ny. anduzei and isolated the parasite after the intra-
dermal inoculation of hamsters. Suspicions were aroused during these studies, how-
ever, that the vector was not in fact Ny. anduzei, and subsequent morphological 
studies showed that it was a closely related and morphologically very similar sand 
fly that was new to science.

Ward and Fraiha (1977) described the new sand fly as Ny. umbratilis from 10 
females collected during the work in Monte Dourado, PA, and an intense study of 
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its behaviour was initiated in the same area (Lainson et al. 1979). It was found that 
although sand-fly species of the subgenus Psychodopygus predominated at ground 
level, Ny. umbratilis was extremely abundant in the forest canopy but descended to 
ground level, presumably to oviposit, by way of the tree-trunks, on which it could 
be collected in great numbers in the early morning. In studies conducted in RO, in 
the area of Samuel Ecological Station; however, it was noted that Ny. umbratilis 
predominated in the canopy (Azevedo et al. 1993). In Monte Dourado, PA, it was 
noted that Ny. umbratilis flies off the tree-trunks when disturbed by man’s activities 
and attacks the nearest person. In the same study, L. (V.) guyanensis was isolated 
from 16 more specimens of Ny. umbratilis and, of 77 sand flies attacking 2 men col-
lecting from the tree trunks, 72 (92.5%) proved to be Ny. umbratilis. Some idea of 
the efficiency of this sand fly in the transmission of ACL in the Monte Dourado, PA, 
area may be gained by the fact that the 2 men developed a total of 13 leishmanial 
lesions due to L. (V.) guyanensis on their arms, probably providing the most conclu-
sive incrimination of a vector of ACL ever obtained.

The explanation of this great number of infected sand flies on tree trunks came 
with the detection of L. (V.) guyanensis in 27 of 59 specimens of the sloth Choloepus 
didactylus in the Monte Dourado area, PA (Lainson et al. 1981a, b). This animal 
spends most of its time in the forest canopy and has thus become the principal mam-
malian reservoir host of the parasite. Because the animal may remain in the same 
tree for a considerable time, there is a gradual build-up of infected Ny. umbratilis on 
a given tree. This sand fly’s similar role as a vector of L. (V.) guyanensis, as well as 
its common presence in the forest canopy and on large tree-trunks at ground level, 
has been recorded in some other areas of the Amazon region of Brazil (Arias and 
Freitas 1977a, 1978) and in French Guiana (Le Pont and Pajot 1980). Infection of 
an undoubted specimen of Ny. anduzei with a parasite having development consis-
tent with that of members of the subgenus Viannia has been reported in Manaus 
(AM) (Arias and Freitas 1977b). However, this sand fly can, at most, now be con-
sidered only as a possible secondary vector of L. (V.) guyanensis and is probably of 
low importance with regard to the transmission of ACL to man.

Ready et al. (1986) performed a detailed study of the ecology of Ny. umbratilis 
in the region of Monte Dourado, PA.  It is highly anthropophilic and presumably 
becomes infected after feeding at night, particularly on the two-toed sloth Choloepus 
didactylus, but also on other arboreal animals such as the ant-eater Tamandua tetra-
dactyla. In Manaus, AM, precipitin tests on blood in naturally fed Ny. umbratilis 
showed that 66% of them had fed on sloths (Christensen et  al. 1982). In a later 
evaluation with the same method, Ny. umbratilis females captured in a non-flooded 
upland forest in Manaus fed predominantly on rodents (34%) followed by dogs 
(19%), sloths (18%), humans (16%) and chickens (13%) (Nery et al. 2004). In addi-
tion to its nocturnal feeding habits, however, this sand fly clearly will feed in the 
early daylight hours if disturbed from its resting place on tree trunks. It is recorded 
biting man in the dry season and, particularly, directly after the rainy season.

Areas of high ACL prevalence due to L. (V.) guyanensis may be found in com-
munities located in or very close to primary forest, and this has led to the erroneous 
impression that Ny. umbratilis is undergoing the process of adapting to a peri- 
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domestic habitat. However, no consistent data exist proving that this is true, and any 
transmission in this environment is almost certainly due to sand flies that have been 
attracted to a residential area, from nearby primary forest, by the lights of the 
houses. Esterre et al. (1986) discussed the acquisition of ACL due to L. (V.) guya-
nensis in persons living in a small village within forest in French Guyana and came 
to the same conclusion: When the forest was cleared to about 400–500 m around the 
village, all peri-domestic transmission ceased. Guerra et al. (2007) discussed this 
situation in Manaus, AM, and were clearly of the opinion that the eco-epidemiology 
of ACL there is the same as that recorded in Monte Dourado, PA. In other forested 
areas on the outskirts of Manaus, however, Ny. umbratilis was considered to be 
present in equal numbers in both the forest and in the peri-domestic habitat (Barbosa 
et al. 2008).

Observations exist suggesting that Ny. umbratilis is a vector of L. (V.) guyanen-
sis in the state of Bolivar, Venezuela (Feliciangeli et al. 1985), possibly indicating 
an expansion of the Brazilian zoonotic cycle.

Rangel et  al. (1998) isolated L. (V.) braziliensis from patients with ACL in 
Peixoto de Azevedo (MT), and Azevedo et al. (2002) noted that one of the most 
abundant and highly anthropophilic sand fly in the same area was, morphologically, 
Ny. umbratilis. In addition, they confirmed observations made by workers in the 
Instituto Evandro Chagas, Belém, PA (Ward et al., 1976) that the population of this 
sand fly, south of the Amazonas River, behaved very differently from that studied 
north of the river (Monte Dourado, PA). Although abundant in the forest canopy, it 
was not found to accumulate on tree trunks at ground level. It was this marked 
behavioural difference that led Lainson (1988) to suggest that perhaps the popula-
tions of Ny. umbratilis north and south of the Amazonas River were not identical 
and, since that time, the taxonomic status of Ny. umbratilis started to attract special 
attention.

Azevedo et al. (2002) studied the morphology and the morphometric characters 
of the head, thorax, and abdomen of populations of the insect from Brazil (in AP, 
PA, AM, and MT) and Venezuela (state of Bolivar). They found that analysis of the 
morphological characters could not separate the populations but that the quantita-
tive characters (morphometry) showed that 77% of these separated the Venezuelan 
population from the Brazilian ones. The analysis did not, however, supply evidence 
of heterogeneity among the populations from Brazil, but later studies on Ny. umbra-
tilis populations from Brazil and Venezuela suggest the existence of three different 
populations, which are separated by the geographical barriers of the planalto of RR 
and the two rivers, Negro and Amazon; One is in Venezuela and the other two in 
Brazil (north and south of the Amazon River (Azevedo 2008)).

The same investigator recorded 52 different species of sand flies in the munici-
palities of Rio Branco, Xapuri and Bujari, AC (17 being a new record for that state); 
Ny. umbratilis was abundant in the forest canopy in close association with the major 
reservoir of L. (V.) guyanensis, the sloth C. didactylus; and Tojal da Silva et  al. 
(2006) recorded the presence of ACL due to L. (V.) guyanensis in the municipality 
of Rio Branco. These observations lead Azevedo et al. (2005, 2008) to conclude 
there is, in fact, a transmission cycle of this parasite south of the Amazonas River 
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involving Ny. umbratilis. More recent sand-fly captures in urban and peri-urban Rio 
Branco did not detect Ny. umbratilis, but the other ACL vectors—Ny. whitmani, Ny. 
antunesi, and Bi. flaviscutellata—were present (Araújo-Pereira et al. 2014).

A biological analysis under laboratory conditions compared Ny. umbratilis pop-
ulations from Manaus and Manacapuru (left and right sides of the Negro River, 
respectively) and showed differences in their life cycle, fecundity, fertility, adult 
longevity, and emergence. These differences suggested that some divergence of 
intrinsic biological features evolved because of their geographical isolation by the 
Negro River (Justiniano et al. 2004). Further phylogenetic analyses based on mito-
chondrial DNA detected two distinct lineages in Ny. umbratilis populations of 
opposite sides of the Amazon and Negro rivers, thus reinforcing the thought that 
these rivers may be acting as effective barriers, preventing gene flow between them 
(Scarpassa and Alencar 2012).

In PE, where most ACL cases are caused by L. (V.) braziliensis and transmitted 
by Ny. whitmani (Brandão-Filho et al. 1999), studies conducted at a forest reserve 
in Recife detected Ny. umbratilis at very high frequencies (96.5%) and biting rates 
(≤333.3 flies/person-hour) (Balbino et al. 2001, 2005). Phylogenetic analysis based 
on wing morphometry and the period clock gene concluded that the Recife popula-
tion of Ny. umbratilis is significantly closer to the Rio Preto da Eva population 
(north of the Amazon River, AM) and that both populations are genetically distant 
from Manacapuru (south of Amazon River, AM) (Souza Freitas et al. 2015, 2016).

Molecular taxonomy studies based on a barcode region of mitochondrial DNA of 
Ny. umbratilis and Ny. anduzei from different regions of the Amazon clearly sepa-
rated both species. However, the barcode region did not have enough power to sepa-
rate the two lineages of Ny. umbratilis from opposite sides of the Amazon River, 
likely reflecting incipient species that have not yet reached the status of distinct 
species (Scarpassa and Alencar 2013).

Ny. umbratilis has so far not been associated with the transmission of ACL south 
of the Amazon River, but its behaviour is markedly different from that of the popu-
lations from regions located north of the river. One key behavioural difference is the 
failure of the southern Ny. umbratilis populations to concentrate at the base of trees. 
A parasite isolated from Ny. umbratilis captured in Peixoto de Azevedo, MT, proved 
to be L. (V.) braziliensis and not L. (V.) guyanensis (Azevedo et  al. 2002). This 
raises the question as to its possible participation in the transmission L. (V.) brazil-
iensis. In addition, L. (V.) guyanensis is replaced in the Amazonian forest south of 
the river by its sister species, L. (V.) shawi, where it is transmitted by Ny. 
whitmani.

 Psychodopygus wellcomei (Fraiha, Shaw & Lainson, 1971)

In 1968, the Meridional Mining Company, undertaking mineral exploration in PA, 
requested the Instituto Evandro Chagas to investigate an alarming number of men 
acquiring ACL due to L. (V.) braziliensis whilst working on road construction 
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through primary forest in the Serra dos Carajás. It required only a few days for one 
particular sand fly to become highly suspected as the vector due to its avid feeding 
on man.

It proved to be a previously undescribed sand fly, which was named Ps. wellco-
mei in honour of Sir Henry Wellcome, founder of the Wellcome Trust, London, who 
was to sponsor the Institute’s leishmaniasis programme for nearly 40 further years.

Ward et al. (1973a) made a study of sand flies captured during a 2-month period 
(December and January) using human bait, rodent-baited Disney traps, and aspira-
tion from tree trunks, all at ground level, and captures with CDC light traps on 
platforms built in the trees at 5 and 11 m above the forest floor. A total of 23 differ-
ent species were caught, and approximately 65% of all the sand flies captured while 
biting man were Ps. wellcomei. Heavy promastigote infections were encountered in 
three specimens of this sand fly, and the parasite was isolated in culture and the skin 
of hamsters; subsequent studies showed it to be L. (V.) braziliensis. Finally, Ryan 
et al. (1987a) performed experimental transmission of the parasite to hamsters by 
placing the animals in cages with large numbers of newly caught sand flies. All fed 
flies were separately maintained in glass vials until they had oviposited, at which 
time they were dissected to detect promastigotes and the eggs of all infected speci-
mens maintained in order to rear males for positive identification. This was neces-
sary because the females of Ps. wellcomei are morphologically indistinguishable 
from those of a sympatric species, Ps. complexus, whereas the males have distinctly 
different morphology.

Ps. wellcomei is an essentially sylvatic and highly anthropophilic species (Ward 
et al. 1973a; Wilkes et al. 1984). In addition, Ward et al. (1973b) found that 25.5% 
of all sand flies attracted to rodent-baited traps were of this species: This, and the 
fact that this sand fly has a vertical flight-range of only 1–2 m above ground level, 
led to their suggestion that the sylvatic hosts of Ps. wellcomei are terrestrial animals, 
the most highly suspected being rodents and marsupials (Lainson et al. 1973). The 
isolation of parasites with the biological characters of L. (V.) braziliensis from the 
rodents Oryzomys concolor, O. capito, O. nigripes, Akodon arviculoides, Proechimys 
spp., Rattus, and Rhipidomys leucodactylus—and the opossum Didelphis marsupia-
lis in Brazil—tended to support this view (Lainson and Shaw 1970, 1979; Forattini 
et al. 1972; Forattini 1973; Lainson et  al. 1981b; Rocha et  al. 1988). Finally, a 
more definitive identification of this parasite from the Brazilian rodents Bolomys 
lasiurus and R. rattus was obtained by multi-locus enzyme electrophoresis 
(Brandão-Filho et al. 2003).

Regarding its behaviour and seasonality, Ps. wellcomei is most abundant during 
the rainy season (November–April) and enters into diapause during the dryer 
months when it is rarely encountered. The same seasonal pattern was observed in 
more recent studies in areas out of the Amazon Region, in RN, where Ps. wellcomei 
only occurs in months with greater rainfall and lower temperatures (Pinheiro et al. 
2013, 2016a, b). Limiting forest work to the dryer months can therefore greatly 
reduce the risk of acquiring ACL in areas where this sand fly is found. The great 
importance of Ps. wellcomei as a vector of L. (V.) braziliensis is due to its tendency 
to not only feed at night but also during broad daylight, particularly in cloudy 
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weather. The number of infected females captured during the day was, in fact, found 
to be greater than that obtained during the night suggesting that transmission is actu-
ally most frequent during the day (Wilkes et al. 1984).

The presence of Ps. wellcomei has been recorded in other areas out of the 
Amazon Region such as in forest of the Serra de Baturité, CE (Ready et al. 1983; 
Azevedo and Rangel 1991). The former investigators suggested that sand flies 
recorded as Ps. squamiventris by Lucena (1953) in Guaramiranga, CE, were possi-
bly Ps. wellcomei because the females of the two species are morphologically very 
similar.

In the Serra de Baturité area, CE, Queiroz et al. (1994) detected flagellates in 
Ps. wellcomei (infection rate 0.05%), but unfortunately the parasites were not 
identified. Ps. wellcomei was also captured in MA, but it was classified as an 
accessory species (Pereira Filho et al. 2015) because the local main vector of L. 
(V.) braziliensis is probably Ny. whitmani (Rebêlo et al. 2010; Azevedo et al. 2011; 
Campos et al. 2013).

Other areas of Ps. wellcomei recorded outside the Amazon include RN and 
PE.  Despite the recent additional evidence of its high anthropophily in Nísia 
 Floresta, RN (Pinheiro et al. 2016a), the importance of Ps. wellcomei as a vector 
of ACL in Northeast Brazil still must be confirmed. Although Ps. wellcomei has 
been found in the Atlantic Rainforest region of PE, again there is so far no associa-
tion of this species with local ACL in that region (Andrade et al. 2005; Silva and 
Vasconcelos 2005).

 Psychodopygus complexus (Mangabeira, 1941)

This sand fly was described by Mangabeira from a single male, captured in the 
municipality of Abaetetuba, PA, in 1938, by members of the Commission of Studies 
of American Visceral Leishmaniasis. Like Ps. wellcomei, the females are highly 
anthropophilic, although they seem not to share that sand-fly’s daytime biting 
habits.

The females of Ps. complexus and Ps. wellcomei are morphologically indistin-
guishable, although the males are easily identified by the structure of the external 
genitalia. Ready et al. (1991), however, used DNA probes to distinguish the two 
species and showed that a fragment of DNA highly repetitive for Ps. wellcomei was 
not detected in either sex of Ps. complexus.

In Serra dos Carajás, PA, the two species share the same forest habitat, which at 
first created difficulties in pinpointing the principal vector of L. (V.) braziliensis in 
that area and required the rearing of males from the eggs of infected females to 
obtain the all-important males. In a transect running from high up on the range of 
hills down to the lowland forest, Ready et al. (1984) showed that the predominant 
species at the higher altitude (≥700 m above sea level) was Ps. wellcomei and that 
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this predominance was slowly reversed with decreasing altitude until Ps. complexus 
predominated, in large numbers, in the forest at the foot of the hills (200 m) and Ps. 
wellcomei was completely absent at ≤150 m. Because ACL due to L. (V.) brazilien-
sis is commonly found in the latter lowland forest in various regions of PA, this is a 
clear indication that vectors other than Ps. wellcomei are involved (Shaw et  al. 
1987). In later studies in Paragominas, where Ps. wellcomei is uncommon, several 
infected females of the squamiventris group were found and, because all the males 
captured proved to be Ps. complexus, it was considered sufficient evidence to 
incriminate this sand fly as the vector of L. (V.) braziliensis in that region (de Souza 
et al., 1996).

Azevedo et al. (2002) showed that Ps. complexus represented 8.2% of all cap-
tured sand flies in an area of ACL transmission in Peixoto de Azevedo, MT, although 
the participation of this species as a vector in this region has yet to be established.

In a military-training area of the Atlantic Forest in Pernambuco, Andrade et al. 
(2005) found flagellates characteristic of Leishmania during dissections of Ps. com-
plexus females, but species typing could not be done due to contamination of the 
cultures. Because Ps. complexus predominated (87%) during periods of military 
activities that were followed by records of human cases of ACL, the investigators 
considered Ps. complexus as the principal suspected vector involved in the local 
transmission of ACL (Andrade et al. 2005).

In the municipality of Guaraí, Tocantins, Ps. complexus was the prevalent sand- 
fly species in the rural environment associated with human settlements and in cap-
tures with Shannon traps, thus confirming its anthropophilic behaviour (Vilela et al. 
2013). Additionally, a multiplex PCR analysis of pooled dissected females detected 
natural infections by L. (V.) braziliensis, which lead the investigators to conclude 
that although Ny. whitmani is thought of as the most important ACL vector in TO, 
Ps. complexus may also play an important role in the transmission cycle of ACL in 
rural settlement areas of Guaraí (Vilela et  al. 2013). Recent studies in the same 
municipality found positive correlations between Ps. complexus abundance and pre-
cipitation, which further supports its potential role as a L. (V.) braziliensis vector 
during the rainy season (Godoy et al. 2017).

 Psychodopygus ayrozai (Barretto & Coutinho, 1940)

This species has an extensive geographical distribution in Brazil that encompasses 
the North, Northeast, Central, Southeast, and South regions (AM, RO, RR, PA, BA, 
PE, MT, MG, RJ) (Aguiar and Medeiros 2003). However, its level of anthropophily 
appears to vary in different regions.

Psychodopygus ayrozai is anthropophilic in the more mountainous area in 
Atlantic Forest of Southeast Brazil (Aguiar and Soucasaux 1984), and its seasonal-
ity is associated with the hot and humid months decreasing in frequency during the 
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colder and dryer months of the year. Studies in the Serra dos Órgãos, Rio de Janeiro 
state, showed that its feeding activity begins at dusk, extending until 12 pm, and that 
feeding occurred preferentially at ground level (Aguiar and Soucasaux 1984). In the 
Atlantic Forest of Paraná state, studies indicated it as one of dominant species 
whose population density fluctuated with temperature and rainfall indices 
(Marcondes et al. 2001).

Psychodopygus ayrozai has been implicated as a vector of L. (V.) naiffi in the 
Amazon Region, especially in PA (Lainson and Shaw 1998; Rangel and Lainson 
2009). In fact, human L. (V.) naiffi cases are infrequent, probably because Ps. 
ayrozai does not reveal itself as anthropophilic sand-fly species in this region 
(Lainson and Shaw 1998; Rangel and Lainson 2009). Specimens of this phleboto-
mine have also been found in L. (V.) naiffi in AP and RO (de Souza et al. 2017; 
Arias et al. 1985).

In recent studies carried out in TO, in the Cerrado biome, Ps. ayrozai, which was 
first recorded in TO, was found with natural infection by L. (V.) braziliensis. These 
infections occurred in settlements in rural areas in the municipality of Guaraí, an 
endemic area for ACL with a local transmission profile related to environmental 
impacts by different purposes. However, the species was not among the most fre-
quent in the study, and the investigators suggest that it may not play a secondary role 
in local epidemiology (Vilela et al. 2013).

 Pintomyia fischeri (Pinto, 1926)

This species was described based on specimens from SP with its occurrence in sec-
ondary forested areas from many municipalities (Barretto 1943). Because it could 
be found close to domestic-animal shelters, it was suggested that it was adapting to 
a domiciliary environment (Barretto 1943). Currently, the species has its distribu-
tion mainly in the states of the South and Southeast regions of Brazil (SC, RS, PR, 
SP, RJ, MG, ES, MS, MT, and GO) (Aguiar and Medeiros 2003).

Discussion of the epidemiological importance of Pi. fischeri began when it was 
recorded in peri-domestic habitats of São Paulo state where ACL occurred (Forattini 
1953). In addition, in MG and SC it was found in endemic ACL areas (Alexander 
et al. 2002; Marcondes et al. 2005). A study conducted from 1986 to 1995 again 
found this sand fly in the domiciliary habitat in areas with ACL of SP cases 
(Camargo-Neves et al. 2002).

Even though it had not found naturally infected with a Leishmania sp., there 
were strong grounds for considering it to be a potential vector. It is highly anthropo-
philic, and its spatial distribution coincides with reports of human ACL cases in 
deforested areas, Lainson (1983) suggested that this sand fly could be maintaining 
transmission of L. (V.) braziliensis among wild animals in forest fragments.

Recently its importance as a vector of L. (V.) braziliensis was reinforced with 
records of natural infections in females captured in endemic ACL areas of ES 
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(Rocha et al. 2010). In another study (Pita-Pereira et al. 2011), in the periphery of 
Porto Alegre (RS), where human cases of L. (V.) braziliensis have occurred,  
L. (Viannia) sp. was found infected. This result led the investigators to suggest that 
it was participating as an ACL vector in the region. In the metropolitan area of 
Greater Sao Paulo, cases of ACL are sporadic and are associated with fragments of 
the Atlantic rain forest. In the latter, both within the forest and outside in peri- 
domiciliary ecotopes Pi. fischeri was the dominant species (Moschin et al. 2013). It 
is interesting to note that neither Ny. intermedia nor Ny. neivai were found in this 
habitat but that Mg. migonei was present in smaller numbers.

All the previously cited literature reinforces the importance of Pi. fischeri in the 
eco-epidemiology of ACL in Southeast and Southern Brazil, particularly in forested 
habitats.

 Lutzomyia gomezi (Nitzulescu 1931)

This species was described from female sand flies captured in San Cristobal, Tachira 
state, Venezuela. The male of this species was described from Panama by Rozeboom 
in 1940 as Phlebotomus suis, which was synonymized by Fairchild and Hertig 
(1948).

In Brazil, this sand fly has been recorded mainly in Northern regions, but it has 
also been recorded in the Northeast and Central regions (AC, AP, AM, RO, RR, PA, 
MA, GO, MT, and BA) (Young and Duncan 1994; Aguiar and Medeiros 2003).

Although in northern Brazil, specimens of Lu. gomezi were found infected with 
promastigotes, suggested as being a Leishmania sp., belonging to the subgenus L. 
(Viannia), this was not confirmed (Rangel and Lainson 2009).

Historically, this phlebotomine has been associated with L. (V.) panamensis 
transmission in some South American countries without any evidence of transmis-
sion of Leishmania spp. in Brazil. However, recently, a natural infection of L. (V.) 
shawi was found in Lu. gomezi captured in Amazonian forest of PA (de Souza et al. 
2016). The investigators suggest that this phlebotomine may participate in ACL 
eco-epidemiology, especially because of its arboreal habits, which is where the 
mammalian reservoirs of L. (V.) shawi occur.

 Other vectors

We consider that the species discussed previously (Bichromomyia flaviscutellata, 
Lutzomyia gomezi, Ny. intermedia, Ny. whitmani, Ny. neivai, Ny. umbratilis, 
Migonemyia migonei, Pintomyia fischeri, Psychodopygus wellcomei, Ps. com-
plexus, and Ps. ayrozai) are primary ACL vectors. However, others exist based on 

Sand Fly Vectors of American Cutaneous Leishmaniasis in Brazil



360

either epidemiological or parasitological evidence, or both, that may be playing 
roles in ACL transmission.

Trichophoromyia ubiquitalis, the only known vector of L. (V.) lainsoni (Silveira 
et  al. 1991) but an L. (L.) amazonensis infection, was recorded by molecular 
methods in flies from Lábrea (AM) (Silva et al. 2014b). This sand fly is found in 
the Brazilian Amazonian forests and is anthropophilic being taken off man in 
larger numbers where the population is higher. Shannon-trap catches are consid-
ered to reflect anthropophily because a man catches the flies as they alight on the 
traps’ surface. In forests, south of the Amazon River, PA, it ranked 16th of 68 
species of the females in Shannon-trap catches, but it ranked 3rd in abundance 
when light-trap catches were included in the calculations (de Souza et al. 2016). 
In the Brazilian Guiana Shield forest of AP in Shannon-trap catches, it ranked 
sixth and also sixth when light-trap catches were included in the calculation (de 
Souza et al. 2017). These figures reflect moderate levels of anthropophily. It is 
interesting to note that in both places the proportion of males to females in 
Shannon-trap catches was almost equal (e.g. 21 of 23 in the PA catches and 31 of 
36  in those from AP), thus suggesting no great differences in population sizes 
despite considerable ecological differences reflected by the dominant anthropo-
philic species in PA being Ps. complexus/wellcomei and in AP Ny umbratilis. In 
CDC catches in Lábrea (AM), it was the second most common species (Silva 
et al. 2014b). Its constant presence in  relatively high numbers is consistent with 
the number of L. (V.) lainsoni ACL cases in forested regions and it being consid-
ered this parasite’s principal vector.

Evidence exists that Ps. davisi participates in the transmission of L. (V.) brazil-
iensis (Grimaldi et al. 1991), but there is stronger evidence for that of L. (V.) naiffi 
(Gil et al. 2003; de Souza et al. 2016). This sand fly has an extensive distribution 
throughout Amazonia and in pockets of the Atlantic rainforest. Infections of L. (V.) 
naiffi have been found in Ps. davisi in RO (Gil et al. 2003) and PA (de Souza et al. 
2016). It was the dominant species in RO and ranked fifth in the PA study, but con-
secrated anthropophilic species—such as the complexus/wellcomei group and Ny. 
umbratilis—were present in large numbers. However, in the RO study area, L. (V.) 
braziliensis was the most common parasite, and no cases of human cases of L. (V.) 
naiffi were detected (Shaw et al. 2007). A possible explanation is that L.(V.) naiffi 
infections in man are mild and thus go unnoticed.

Another highly anthropophilic species is Ps. squamiventris, which occurs in the 
AM, AP, RR, and regions of PA north of the Amazon River (Ready et al. 1982). Its 
level of anthropophily is reflected by the fact that 4 times the number of females 
were captured in Shannon traps than in ground-level CDC traps (de Souza et al. 
2017). Infections of L. (V.) naiffi have been found in specimens captured in AM, AP, 
and PA (Grimaldi et al. 1991; de Souza et al. 2017; Naiff et al. 1991). It has also 
been found infected with L. (V.) braziliensis, and a natural infection was transmitted 
experimentally to a hamster (Ryan et al. 1987b). Given its avidity for man, as well 
as the fact that it has been found infected with two Leishmania (Vianna) must be 
considered a highly probable ACL vector.
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Records exist in the literature of infections in wild-caught Brazilian phleboto-
mines that were not identified to the species level. The first was that of Pessôa and 
Pestana (1940), who found flagellates in Mg. migonei and suggested that they were 
probably L. (V.) braziliensis. Such findings should not be ignored nor forgotten 
because they are strong circumstantial evidence for the possible role of a species in 
ACL transmission that needs confirmation. In some cases, subsequent identifica-
tions indicate what they most probably were. An example of this are studies (Ryan 
et al. 1987a) performed more than 30 years ago in the Serra das Carajás. Flagellates 
were found in 114 of 11,586 phlebotomines, and many identified as “Leishmania 
braziliensis subspecies” were found in Lu. gomezi, Ny. richardwardi, Ny. shawi, Ny. 
whitmani, Th. ubiquitalis, Ps. hirsutus, and Ps. “wellcomei.” Worthy of mention is 
11 infections occurring in Th. ubiquitalis. They were almost certainly L. (V.) lain-
soni because this species was later identified in this same sand-fly species (Silveira 
et al. 1991), and this adds weight to the importance of this species as the primary 
vector of this parasite. Ps. hirsutus had also been found infected with Leishmania 
(Vianna) in Rio de Janeiro (Rangel et al. 1985), but we do not know what the para-
sites were. L. (V.) shawi was described in arboreal mammals captured in the Carajás, 
and it seems quite likely that the infections in the three Nyssomyia species belong to 
this species, but this needs confirmation. In addition to the above- mentioned infec-
tions, others have been recorded by different investigators in Lu. renei, Ny. umbra-
tilis, Pintomyia pessoai, Psathyromyia aragaoi, Pa. dendrophyla, Psychodopygus 
amazonensis, Ps. claustrei, Ps. davisi, and Ps. paraensis. The Leishmania species 
were not identified; however, based on epidemiological and molecular data they 
probably belonged to an ACL Leishmania species.

Table 1 lists infections of L. (L.) amazonensis in species of Nyssomyia and 
Trichophoromyia captured in forests and in Lutzomyia, Martinsmyia, and 
Nyssomyia species captured in peri-domestic habitats. L. (V.) braziliensis has been 
documented in Evandromyia, Martinsmyia, Micropygomyia, and Psychodopygus 
species obtained from sylvatic habitats as well as a smaller number near human 
dwellings. Similarly, infections of L. (V.) guyanensis have been recorded in spe-
cies of Martinsmyia and Micropygomyia from forests. The question is this: What 
do these infections mean in relation to ACL transmission? They may or may not be 
participating in enzootic or zoonotic ACL cycles, but future studies are needed to 
answer these questions. The finding of infections using molecular methods in 
pools of flies must be viewed with caution. It does not mean that the species in 
question should immediately be considered as a vector. Was blood present? Where 
were the parasites located? How many were there? Were metacyclic forms pres-
ent? These are just a few questions, some of which are only answered by viewing 
the dissected insect’s gut. A technique used extensively in the past that can lead to 
the parasite’s isolation. For many years, epidemiological data favored the one par-
asite/vector hypothesis. However, depending on the Leishmania species, recent 
parasitological results now suggest a more complex situation where one species 
may be the dominant vector with other species being involved in enzootic and 
zoonotic ACL transmission.
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Table 1 A list of sand fly species implicated in the transmission of American cutaneous 
leishmaniasis found in sylvatic and peridomestic environments in Brazil

Leishmania species

Sand flies implicated as vectors*  
or potential vectors in the sylvatic 
habitat

Sand flies implicated as vectors* or 
potential vectors in the peridomestic 
habitat

L. (L.) amazonensis Bichromomyia flaviscutellata #* Bichromomyia flaviscutellata

Bichromomyia olmeca nociva #*
Bichromomyia reducta #*

Lutzomyia longipalpis

Martinsmyia minasensis

Nyssomyia intermedia

Nyssomyia umbratilis

Nyssomyia yuilli

Trichophoromyia ubiquitalis

L. (V.) braziliensis Evandromyia apurinan

Evandromyia edwardsi

Evandromyia lenti Evandromyia lenti

Martinsmyia minasensis

Micropygomyia capixaba

Micropygomyia ferreirana

Micropygomyia peresi

Migonemyia migonei #* Migonemyia migonei*

Nyssomyia intermedia #* Nyssomyia intermedia*

Nyssomyia neivai #* Nyssomyia neivai*

Nyssomyia whitmani #* Nyssomyia whitmani*

Pintomyia fischeri #* Pintomyia fischeri*

Psychodopygus carrerai

Psychodopygus complexus #*

Psychodopygus davisi

Psychodopygus squamiventris #

Psychodopygus wellcomei #*
L. (V.) guyanensis Martinsmyia minasensis

Micropygomyia goiana

Nyssomyia anduzei #

Nyssomyia umbratilis #*
L. (V.) naiffi Nyssomyia anduzei #

Psychodopygus ayrozai #*
Psychodopygus davisi #*

Psychodopygus hirsutus #

Psychodopygus paraensis #

Psychodopygus squamiventris #

L. (V.) lainsoni Trichophoromyia ubiquitalis #*
L. (V.) shawi Lutzomyia gomezi #

Nyssomyia whitmani #* Nyssomyia whitmani*

L. (V.) utingensis Viannamyia tuberculata #*

Species marked with a hash (#) denotes identifications based on isolated parasites. Species not 
marked with an asterisk (*) are only potential vectors as they have been found infected by molecu-
lar methods with the respective Leishmania species
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 Impacts of Environmental and Climatic Changes

Global human population is facing the impacts of centuries of constant changes in 
natural environments. Climate change is happening now and impacts in the dynam-
ics of infectious diseases are not only expected but can already be noticed (IPCC 
2014; Woodward et al. 2014). Vector-borne diseases are particularly susceptible to 
environmental and climatic changes because their occurrence depends on the eco-
logical balance between different species in complex transmission cycles (Walsh 
et  al. 1993; Patz et  al. 2000; McMichael 2004). Leishmaniases are among the 
vector- borne diseases most affected by this ecological chaos driven by human 
actions (Shaw 2008), and one of the expected impacts is the expansion of its geo-
graphical distribution (Ashford 2000; Dujardin 2006; WHO 2010).

Sand flies are affected by climate, especially by precipitation, humidity, and tem-
perature. These variables influence their distribution, metabolism, and interactions 
with Leishmania (Ready 2008; WHO 2010; Hlavacova et al. 2013). One of the expected 
impacts of climate change in the eco-epidemiology of leishmaniasis is the expansion 
of the geographical distribution of its vectors (Peterson and Shaw 2003; González et al. 
2010; Moo-Llanes et al. 2013; Carvalho et al. 2015; McIntyre et al. 2017). Given the 
wide latitudinal range of Brazil, regional climates play a major role in delimiting the 
distribution of species. Most projections under climate-change scenarios agree that 
disease vectors should find climatic conditions favourable to their geographic expan-
sions towards higher latitudes in the upcoming decades (Carvalho et al. 2017).

In Brazil, the concept of leishmaniases as a sylvatic zoonosis is restricted to the 
Amazon Forest, Atlantic Forest fragments, and parts of Cerrado. A new transmis-
sion profile has emerged driven mostly by human-made environmental changes. In 
past decades, human migration of different origins and purposes resulted in major 
deforestation and unplanned settlements. These changes favour the dispersion of 
sylvatic animals (some Leishmania reservoir hosts) and sand flies (especially those 
species with eclectic feeding habits) to peri-domestic areas where new transmission 
cycles may establish close to human dwellings (Rangel 1995; Rangel and Lainson 
2009; Costa et al. 2007).

Brazil is currently facing an increasing geographical expansion of ACL, which 
can probably be explained by the growing environmental changes, which in turn 
affect vector behaviour (Rangel et al. 2014). Some ACL-vector species have been 
showing evidences of adaptation to man-modified environments by establishing in 
peri-domestic areas, even in outskirts of large cities (Brasil 2007; Rangel and 
Lainson 2009). In this case, two sand-fly species are particularly good examples in 
different eco-epidemiological situations: Ny. whitmani and Bi. flaviscutellata. 
However, there are records of other species (see Table 1) that have been found in or 
near human dwellings that may be playing secondary or even primary roles in ACL- 
transmission cycles.

Because of its extensive geographical distribution and its association with two 
ACL parasites (L. (V.) braziliensis and L. (V.) shawi), Ny. whitmani is currently 
considered the most important ACL vector in Brazil, especially in impacted areas. 
This sand-fly species was found in several localities associated with the exploitation 
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of natural environments and deforestation caused by the construction of roads, 
hydroelectric power plants, human settlements, wood extraction, agricultural activi-
ties, military training, and ecotourism. These epidemiological patterns occur 
throughout Brazil and together are considered to be responsible for the geographical 
expansion of ACL in the country.

Peterson and Shaw (2003) published the first projections of future potential distri-
butions of Brazilian leishmaniasis vectors under climate-change scenarios. The 
investigators concluded that the ACL vectors Ny. whitmani, Ny. intermedia, and Mg. 
migonei should expand their distributions by the middle of the twenty-first century 
in different directions, most notably southwards, with Ny. whitmani showing the 
most dramatic range changes (Peterson and Shaw 2003). More recent projections of 
the potential distribution of Ny. whitmani reinforce the trends described by Peterson 
and Shaw (2003) and indicate a greater area of expansion of climate suitability in the 
North region (Costa et al., 2018, Fig. 2). Although climate-change scenarios show 

Fig. 2 Climatic suitability of Ny. whitmani under a “business as usual” climate-change scenario 
(average for years 2041–2060). UNSZ unsuitable zone, LSZ low-suitability zone, ISZ intermediate- 
suitability zone, HSZ high-suitability zone, VHSZ very high-suitability zone
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that the Amazon Region will become progressively drier (Joetzjer et al. 2013), the 
updated results state that Ny. whitmani will remain present in the region and should 
expand its area of climate suitability in the future (Costa et al. 2018).

The presence of Bi. flaviscutellata in peri-domestic areas, especially in the 
Cerrado biome, confirms the process of ruralisation of an L. (L.) amazonensis trans-
mission cycle that was previously considered to be strictly sylvatic. Future projec-
tions under climate-change scenarios indicate that Bi. flaviscutellata might also 
expand its distribution beyond its current range limits in the Amazon and the 
Cerrado southwards into the Southeast and South regions (Carvalho et  al. 2015, 
Fig. 3). Human cases of ADCL in Southeast Brazil are currently rare (Costa et al. 
2009; Azeredo- Coutinho et al. 2007), although the disease seems to be gradually 
expanding its occurrence southwards. If the vector reaches these climatically suit-
able areas and its dispersion is followed by competent hosts and parasites, these can 
become  ADCL- risk areas, especially because these are the most populated areas 
within the species’ range. The possibility of this enzootic cycle to be maintained in 
secondary forests and even become peri-domestic was previously discussed 
(Lainson et al. 1994). This could be happening, in part, because of the adaptation 
process of the vector to man-modified environments. At first, it would be logical to 
think that a strictly sylvatic cycle would disappear with the deforestation of primary 
forests (Campbell- Lendrum et al. 2001), but the L. (L.) amazonensis cycle shows 
evidences of occurrence in secondary forests and peri-domestic areas, where the 
vector could be dispersing to domestic-animal shelters (Rangel and Lainson 2009).

Fig. 3 Climatic suitability of Bi. flaviscutellata under a “business as usual” climate-change scenario 
(average for years 2041–2060). Dark red represent areas that will only become suitable in the future; 
light red areas are currently suitable and will remain suitable in the future; grey areas are currently 
suitable but will become unsuitable in the future. RCP representative concentration pathway
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The closely related species Ny. intermedia and Ny. neivai were treated as Ny. 
intermedia sensu lato by Peterson and Shaw (2003), who concluded that its distribu-
tion might expand southwards. A recent study reviewed the projections for both 
species separately, demonstrating that it is only Ny. neivai that should expand south-
wards, whereas Ny. intermedia might show some discrete expansions in the 
Northeast region (McIntyre et al. 2017, Figs. 4 and 5).

Climate change poses new challenges to the control of leishmaniasis. In addition 
to the long-term effects on the geographic distribution of vectors, interannual fluc-
tuations of climate phenomena, such as the El Niño, might impact the seasonality of 
the sand flies and leishmaniasis (Franke et  al. 2002; Chaves and Pascual 2006; 
Cardenas et al. 2006, 2008). Further studies are needed about the effects of climate 
in sand-fly densities including long-term monitoring of natural populations and 
 climate variability. Such studies should also include spatial and temporal variations 
in leishmaniasis. Results from climate-based models must be validated with robust 
external data before they can effectively be applied in programs of the surveillance 
and control of leishmaniasis.

Considering the great challenge that is controlling ACL, a disease with complex 
epidemiology directly associated with environmental changes, studies that aim to 
characterize and monitor its spatial and temporal trends can support the epidemiologi-
cal and entomological surveillance actions of health departments. These studies can 
help to identify receptive areas for new ACL outbreaks and population groups at higher 
risk of infection so that control actions can be better planned and more effective.

Fig. 4 Climatic suitability of Ny. intermedia under a “business as usual” climate-change scenario 
(average for years 2041–2060). Dark red represent areas that will only become suitable in the future; 
light red areas are currently suitable and will remain suitable in the future; grey areas are currently 
suitable but will become unsuitable in the future. RCP representative concentration pathway
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After the first description of the sand fly Lutzomyia longipalpis Lutz and Neiva, 
1912, in an indeterminate locality in Brazil, interest in this insect remained largely 
entomological until the mid-1930s. In 1934, however, Henrique Penna used the 
viscerotome to examine liver samples from persons who were suspected to have 
died from yellow fever in various rural localities in Brazil (Penna, 1934). In fact, 41 
of these deaths were due to visceral leishmaniasis. His results suggested the major 
foci of the disease to be in the northeastern states, particularly in Ceará. Carlos 
Chagas, at that time the director of the Instituto Oswaldo Cruz in Rio de Janeiro, 
sent his son, Evandro Chagas, to investigate the epidemiology. His first study was 
made in Sergipe where, in addition to giving the first clinical description of a living 
case of American visceral leishmaniasis (AVL) in Brazil, he made the important 
observation that the most frequent blood-sucking insect in and around the patient’s 
house was the phlebotomine sand fly Lu. longipalpis (Chagas 1936).

Evandro Chagas was appointed head of a commission set up in 1936 to continue 
his studies, and in view of the higher prevalence of AVL in the Northeast, it was 
there that he wished to work. Perversely, the only state governor who offered the 
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necessary financial and logistic back-up was Da Gama Malcher of Pará in the North 
of Brazil, where the number of recorded cases was low, and a huge old colonial- 
style mansion was made available for conversion into the commission’s  laboratories, 
which received the imposing name of “The Institute of Experimental Pathology for 
the North” (IPEN).

Working in the rural areas of Abaetetuba and Moju, where cases of AVL had 
been recorded by Penna, the commission uncovered more cases of the disease in 
both humans and dogs (Chagas et al. 1938). Once more, Lu. longipalpis was shown 
to be the principal human-biting insect in and around the houses of the infected 
persons, and this sand fly became the major suspect as the vector. It was concluded 
that the disease was essentially rural and only occurred in the close vicinity of forest 
or copses. For this reason, it was suggested that the origin of the causative parasite, 
named Leishmania chagasi by Cunha and Chagas (1937), was in some wild animal. 
The commission’s hope of confirming the role of Lu. longipalpis as the vector and 
indicating the wild-animal reservoir were dashed in 1940, however, when the tragic 
death of their leader Evandro Chagas in a mid-air plane collision put an abrupt end 
to their epidemiological studies. Although the IPEN was renamed “Instituto Evandro 
Chagas” in his honour, his small band of dedicated workers never recovered fully 
from the loss of their brilliant and colourful leader, and research on the epidemiol-
ogy of visceral leishmaniasis in Brazil went into a steady decline.

A rude awakening to the real importance of AVL in Brazil did not occur until 
1953, when >100 inhabitants of the small town of Sobral, Ceará, died in a severe 
outbreak, which jolted the health authorities into activity. Another epidemiological 
enquiry was organized involving three prominent figures in Brazilian tropical med-
icine—J. E. Alencar and the married couple L. M. Deane and M. P. Deane—who 
had formed part of the Evandro Chagas team in Pará. In Ceará, they made two 
vitally important findings: (1) heavy flagellate infections of what they considered to 
be promastigotes of L. (L.) chagasi in wild-caught specimens of Lu. longipalpis 
(Deane & Deane 1954a); and (2) the natural infection of foxes with that same para-
site (Deane and Deane 1954b). The foxes were identified as Lycalopex vetulus, but 
evidence exists that they were more likely to have been Cerdocyon thous (Courtenay 
et al. 1996). Infections in Lu. longipalpis were readily obtained when these sand 
flies were experimentally fed on an infected fox (Deane and Deane 1954c).

By 1955, Alencar and the Deanes had recorded nearly 1000 new cases of human 
AVL in Ceará and neighbouring northeastern states. They noted that these occurred 
in the humid, wooded foothill valleys (boqueirões) and not in the dry lowland plains 
(sertões) nor on the exposed slopes of the hills where the arid conditions and strong 
winds were unfavourable for Lu. longipalpis. Dogs suffered as badly as humans 
from the infection: That they were the major reservoir of the human disease was 
clearly indicated by the high rate of canine infection and the ease with which Lu. 
longipalpis could be infected when fed on infected dogs. In contrast, it was found 
that humans were a somewhat poor source of the parasite for Lu. longipalpis when 
they were fed on infected patients (Deane 1956).
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 Distribution of American Visceral Leishmaniasis

Human visceral leishmaniasis was soon shown to have a very wide distribution 
throughout Latin America extending from Mexico in the north to Argentina in the 
south. However, until 1984 it was estimated that >90% of the recorded cases in the 
New World were from Brazil, and of a total of 8959 cases registered in this country, 
7882 were from the Northeast and 992 from the Southeast (Deane and Grimaldi 
1985). Considering the inadequacy of diagnosis and a general reluctance in permit-
ting autopsies in the more remote rural communities, these figures are likely to have 
been considerably greater. AVL has been recorded in 12 Latin American countries, 
and 90% of the cases occurred in Brazil. In most cases, the geographical expansion 
of Lu. longipalpis precedes that of AVL in Brazil, and its expansion is responsible 
for the establishment of the disease in urban areas of medium and large cities (da 
Costa et al. 1997; Brasil 2014) (Fig. 1). However, there have been outbreaks in cit-
ies, such as Porto Alegre, RS, where AVL is transmitted in the absence of Lu. longi-
palpis (Bianchi et al. 2016, SBMT 2017). Autochthonous human cases have been 
recorded in most Brazilian states except for Acre, Amapá, Amazonas and Rondônia 
(Brasil 2014; Sinan 2017; BBC Brasil 2017; Ministério da Saúde 2018 [personal 
communication]), and infected dogs were absent only in Acre and Amazonas 
(Maziero et al. 2014; Steindel et al. 2013; Ministério da Saúde 2018 [personal com-
munication] (Fig. 2).

 Origin and Taxonomic Position 
of American Visceral Leishmaniasis’s Aetiologic Agent

The name “Leishmania chagasi Cunha and Chagas, 1937” long remained in use 
despite considerable debate regarding the origin of the parasite and its taxonomy. 
Lainson and Shaw (1987, 1998) considered the parasite as being indigenous to the 

Fig. 1 Areas of AVL. (a) Sobral (Ceará, Brazil), rural profile. (b) Araguaína (Tocantins, Brazil), 
urban profile. (Credit: Afonso MMS)
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Americas. In contrast, Killick-Kendrick (1985) and Rioux et al. (1990) favoured the 
view that L. (L.) infantum had been imported into Latin America during the 
Portuguese and Spanish colonization. Another investigator (Lukes et  al. 2007), 
using molecular methods, also considered that AVL had been imported from the Old 
World. Today there is little support of the parasite’s presence in Latin America 
before human occupation. In a recent paper, Valdivia et al. (2017) estimated that 
American and Spanish L. (L.) infantum separated around 500 years ago. This coin-
cides with the Iberian colonization of South America. In contrast, L. (L.) amazonen-
sis strains from eastern Brazil and Amazonia had separated some 82,000 years ago, 
thus indicating their indigenous origin.

The rapid spread of the parasite is almost certainly due to the installation of foci 
due to the introduction of infected dogs. However, it is possible that in remote newly 
settled areas, dogs could become infected from sylvatic flies that had become 
infected after feeding on such wild animals as foxes. In addition, the presence of the 
parasite in so many different Latin American countries is most likely due to the 

Fig. 2 Geographic distribution of Lu. longipalpis: Human and canine visceral cases of AVL in 
Brazil
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importation of infected dogs from neighbouring countries or from abroad. It also 
seems likely that the parasite had been introduced from the Old World on more than 
one occasion. Evidence for this is the occurrence of infections in many USA states 
in dogs that have travelled abroad. In some states, a CVL foci is maintained by verti-
cal transmission (Petersen and Barr 2009). Recent studies have shown how rapidly 
a population of Lu. longipalpis can disseminate within a state. After a mere 20 years, 
the fly expanded some 500 kl in São Paulo State (Casanova et al. 2015).

Similarities of enzyme profiles of stocks identified as L. (L.) chagasi and L. (L.) 
infantum led Lainson et al. (1981) to suggest that the taxonomic separation of the 
two parasites “…would best be at subspecific level.” Although Mauricio et  al. 
(1999) considered that there were no grounds for any separation, differences have 
been found between Old and New World L. infantum (Jackson et al. 1982, 1984; 
Decker-Jackson & Tang 1982; Santoro et al. 1986; Martinez et al. 2003; Valdivia 
et al. 2017). In consideration of these and eco-epidemiological differences, some 
investigators (Shaw 2002, 2006; Lainson and Rangel 2003a; Lainson and Shaw 
2005) adopted the use subspecific names L. (L.) infantum and L. (L.) i. chagasi. We 
prefer to use the latter name for the parasite circulating in Latin America’s endemic 
visceral leishmaniasis areas but not for the parasite that has recently been imported, 
such as in the USA.

 The Lutzomyia longipalpis Complex

Mangabeira (1969) first drew attention to small morphological differences between 
male examples of Lu. longipalpis from Ceará, Northeast Brazil, and others from 
Pará, North Brazil, and Lainson and Shaw (1979) suggested that the presence of 
“(…) a Lu. longipalpis complex of very similar sand flies (…) may account for 
certain anomalous situations” and that “a taxonomic revision is needed of (…) 
Lutzomyia longipalpis.”

Ward et al. (1983) confirmed Mangabeira’s finding, namely, that the male flies 
from Pará had a pair of white spots on the fourth abdominal tergite, whereas those 
from Ceará had two pairs of spots on the third and fourth tergites. Furthermore, they 
showed that the two forms were sexually isolated suggesting that they represented 
two cryptic species. It was also suggested that this might account for epidemiologi-
cal differences in AVL in the two geographic areas (Ward et al. 1985).

Using electron microscopy, Lane et al. (1985) showed that the tergal spots were 
the site of pheromonal glands. Further studies (Ward et al. 1988; Hamilton et al. 
1996) showed that the pheromones were specific to a Lu. longipalpis population and 
that the female flies could differentiate the correct one. Successful mating also 
depends on recognition of the “song” produced by the vibrating wings of the male 
(de Souza et al. 2002).

More evidence of the existence of a species complex of Lu. longipalpis s.l. was 
offered by Crampton et al. (1989), who prepared a DNA probe specific for a Bolivian 
population of this sand fly, and Lanzaro et al. (1993), who compared examples from 
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Costa Rica, Colombia and Brazil by enzyme electrophoresis and cross-breeding 
experiments. They concluded that these populations were of three distinct species, 
but they refrained from using any new specific names. Mutebi et al. (2002) added 
support to this conclusion by demonstrating genetic differentiation of these popula-
tions, and this was also demonstrated in populations of the sand fly in Venezuela 
(Arrivillaga et al. 2000). Further evidence for the presence of cryptic species within 
a Lu. longipalpis complex has been provided by numerous other investigators 
(Dujardin et al. 1997; Lampo et al. 1999; Uribe 1999; Yin et al. 1999; Arrivillaga 
and Feliciangeli 2001; Soto et al. 2001; Arrivillaga et al. 2002, 2003).

The existence of such cryptic species in Brazil was disputed by Mukhopadhyay 
et al. (1998), Mutebi et al. (1999), Azevedo et al. (2000) and Arrivillaga et al. (2002, 
2003), all of whom considered that there is only a single species in that country 
based on a study of several widely separated populations for genetic variability in 
biochemical characters. They believed that the reasons for any epidemiological 
variations in AVL should be sought elsewhere. In favour of this view, a recent study 
of Lu. longipalpis populations from six locations in a transect across eastern Brazil 
by mitochondrial cytochrome-b gene-sequence analysis suggested that sequence 
divergence also did not adequately indicate cryptic species (Hodgkinson et  al. 
2003). In contrast, differences in the song patterns between Brazilian populations of 
Lu. longipalpis were consistent with levels of molecular divergence at the cacoph-
ony locus (Bottecchia et al. 2004; Souza et al. 2004). These groups of investigators 
suggest that their findings, together with other evidence, supports the existence of a 
cryptic species-complex under the name of Lu. longipalpis in Brazil with as many 
as four sibling species (Souza et al. 2004). In addition, Jacobina (Bahia), Lapinha 
(Minas Gerais) and Natal (Rio Grande do Norte) populations had been differenti-
ated on genetic grounds (Bauzer et  al. 2002). Maingon et  al. (2003) produced 
genetic evidence of the existence of two sibling species of Lu. longipalpis that pro-
duce distinct male sex pheromones in Sobral, Ceará, Northeast Brazil. Finally, 
Watts et al. (2005) correlated microsatellites and the male pheromones of 11 popu-
lations from Brazil and Venezuela. They concluded that “Temporal genetic differen-
tiation was mostly not significant at the same site. Spatial genetic differentiation 
was, however, strong, although there was only a weak relationship between genetic 
differentiation and the geographic distance separating the samples. (…) Geographic 
separation explained a much greater (…) percentage of the genetic differences 
among populations when samples with the same pheromone type were analyzed 
separately.” A cluster analysis showed five groups: Lu. cruzi (Brazil) and Lu. pseu-
dolongipalpis (Venezuela) as separate species; two Venezuelan and Brazilian 
groups; and a distinct cluster of Brazilian cembrene populations.

Most investigators have cautiously refrained from giving names to “cryptic spe-
cies,” and it has rightly been asked if these different populations might not simply 
indicate the initiation of a speciation process rather than the existence of valid spe-
cies (Bottecchia et al. 2004). It has also been questioned as to whether Lu. longipal-
pis “(…) is a highly polymorphic and geographically variable species, but not a 
species complex” (Bauzer et al. 2002).
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Considering the observations by Mangabeira (1969) and Azevedo et al. (2000), 
where morphological differences were clearer, Lu. longipalpis males from Jequié 
(BA), Teresina (PI), Sobral (CE) and Massapê (CE) showed no difference in the 
spot pattern. In morphometric analyzes, the Jequié population was different from 
the others by analysis of variance (significant difference in >80% of features) and 
by Student-Newman-Keuls test (separation based on 37% of analyzed features). 
Among the four populations from Ceará state, there was a high level of homogene-
ity; however, the dendogram revealed an isolated branch for the Sobral population 
with one pair of spots, thus concluding that the populations with one and two pairs 
of spots would be under speciation, whereas the populations of Massapê are 100% 
similar (Afonso 2009) (Fig. 3).

Arrivillaga and Feliciangeli (2001), however, gave the name of Lu. pseudolongi-
palpis to a sand fly in Venezuela. The adults are apparently morphologically indis-
tinguishable from those of Lu. longipalpis, but the larvae are morphologically 
distinct. In addition, the adult fly’s biting activity was shown to be continuous 
throughout the night, unlike that of two populations of Venezuelan Lu. Longipalpis, 
which was greatest before 23:00 and steadily decreased from that time onward 
(Feliciangeli et al. 2004). Arrivillaga et al. (2003) performed phylogenetic analyses 
of 31 populations of Lu. longipalpis s.l. originating throughout this species’ geo-
graphic range using 7 isozyme loci and mitochondrial genes. The analyses revealed 
four distinct clades which, it was considered, supported the existence of four spe-
cies. These had distinct geographic ranges defined as (1) Brazil (Lu. longipalpis 
sensu stricto); (2) Laran (Northwestern Venezuela populations); (3) cis-Andean- 
Colombia; and (4) trans-Andean-Central American populations. The Brazilian 
clade was represented by 11 populations sampled throughout this country including 
areas in which Lu. longipalpis was originally described: the sand fly of the Laran 
clade  =  Lu. pseudolongipalpis from Northwest Venezuela; the cis-Andean clade 
consisted of Colombian populations in Bucaramanga, Palo Gordo, Neiva, Durania 
and a population from Pacaraima, North Brazil (a mountainous area in Roraima, on 
the borders of Venezuela and Guyana); and the trans-Andean clade included 11 
populations from various parts of Central America. The investigators proposed to 

Fig. 3 Dendrogram based on the values of genetic distance inferred from morphometric data of 
Lu. longipalpis populations from different locations of Ceará State. (Source: Afonso MMS 2009)
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prepare descriptions and new specific names for the sand flies of the latter two 
clades.

A study of the period gene (Lima Costa et al. 2015) of populations from Sobral, 
Ceará state, and Pernambuco again supported the presence of two sibling species in 
Sobral known as the one- and two-spot populations (1S & 2S, respectively). It was 
shown that the two Sobral sibling species had expanded into other areas of these two 
states. These investigators also draw attention to the importance of the abdominal 
spots in diagnosing the presence of sympatric species. Previously it was suggested 
(Coutinho-Abreu et al. 2008) that the 1S and 2S populations had been separated by 
the original course of the San Francisco river. Then its change in course led to a re- 
encounter of the 1S populations, which could be responsible for their present-day 
genetic diversity.

Differing opinion will doubtless continue concerning the criteria needed before 
a considered “cryptic species” is given specific rank, but intrinsic reproductive iso-
lation, as demonstrated by cross-breeding experiments, must surely be high on the 
list. In this connection, work on the sand-fly’s mating “song” is particularly interest-
ing because the vocalization of the males of a number of insects appears to be the 
most important barrier isolating the different species (Imms 1964; Perdeck 1957).

In a study with five populations of Lu. longipalpis from Mato Grosso do Sul 
State (Campo Grande, Três Lagoas, Aquidauana, Miranda and Bonito), in one from 
Alagoas State (Estrela de Alagoas) and one population of Lu. cruzi from Corumbá 
(MS), microsatellite analyzes revealed divergence among populations from the two 
states (due to the large geographical isolation), thus supporting the Lu. longipalpis 
complex. In addition, Lu. longipalpis and Lu. cruzi showed an introgression between 
species (Santos et al. 2013).

The high level of the variety of evidence, including chemical, behavioural and 
molecular characteristics, suggests very recent speciation and complex population 
structure in the Lu. longipalpis species complex. Although significant progress has 
been achieved to date, the knowledge about recent epidemiological changes, such as 
urbanization, are essential for the use of effective strategies to control this species 
(Souza et al. 2017). The finding that the rapid spread of visceral leishmaniasis in 
São Paulo state was due to the expansion of a population of one chemotype 
(Casanova et  al. 2015) suggests that variations in levels of transmission may be 
related to specific cryptic species. It also indicates that control measures should 
concentrate on cryptic species that are epidemiologically important.

The existence and identification of cryptic species, under the name of Lu. longi-
palpis s.l., helps in explaining why different clinical manifestations of AVL exist in 
Latin America, especially when this is considered in the light of studies on the 
nature of the saliva of Lu. longipalpis s.l. from widely separated geographical areas.

The actual reasons for the drastic changes in the distribution of Lu. longipalpis 
s.l. distribution, especially urbanization, which we will discuss later, are unknown; 
however, one possibility is climate changes related to global warming. A recent 
study by Peterson et al. (2017), using ecological-niche models, showed variations 
that ranged from stability to expansion and even decline. There were indications of 
expansion in southern Brazil and Argentina and in Amazonia. In this region, the 
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presence of Lu. longipalpis was predicted in the northeastern regions Pará state and 
Amapá state, which are both north of the Amazon River. So far it has only been 
recorded once in Amapá State (Galardo et al. 2013), and to date no autochthonous 
cases of human or canine VL have been reported in the region. Data from other 
areas of Amazonia support the reliability of predictions in this area. However, the 
models of Peterson et al (2017) failed to predict this species’ presence in Uruguay. 
This may be due to climate changes that occurred after 2000 being too recent to 
include in the model or due to human introduction.

 Influence of Lutzomyia longipalpis s.l. Saliva on Infection 
of Humans with Leishmania (Leishmania) infantum chagasi

Although infection with L. (L.) i. chagasi is predominately associated with a vis-
ceral disease, the same parasite has been shown to produce only non-ulcerative 
cutaneous lesions in Costa Rica (Zeledón et al. 1989), whereas in Honduras it may 
cause both visceral and cutaneous leishmaniasis in the same focus (Ponce et  al. 
1991). The saliva of Lu. longipalpis contains a potent vasodilatory peptide, “maxa-
dilan” (Lerner et al. 1991). In experiments investigating the possible influence of the 
sand fly’s saliva on the course of human infection with L. (L.) i. chagasi, Warburg 
et al. (1994) fed Lu. longipalpis s.l. of Brazilian, Colombian and Costa Rican origin 
on the arms of volunteers. They found that the measurements of the resulting ery-
thema at the sites of the bites correlated well with the levels of maxadilan in the sand 
flies from the three geographical areas. Saliva from the Brazilian colony was the 
most potent, and that from the Colombian flies was less so. Saliva from the Costa 
Rican specimens had very little maxadilan, had a very low vasodilatory activity and 
produced negligible erythema: When mixed with promastigotes of Leishmania 
major and inoculated into the foot-pads of mice, it strongly enhanced proliferation 
of cutaneous lesions. In contrast, similar inoculations of mixtures of promastigotes 
and saliva from Colombian and Brazilian Lu. longipalpis exacerbated the develop-
ment of cutaneous lesions to a lesser degree. It was suggested that some of the vari-
ability in the clinical presentations of L. (L.) i. chagasi infections may be due to the 
different composition of the saliva of the sand fly, presumably accounting for the 
manifestation of L. (L.) i. chagasi infection in humans as either a visceral or a cuta-
neous disease. The significance of these findings regarding the nature of infections 
in wild- or domestic-reservoir hosts in foci of human cutaneous and/or visceral 
leishmaniasis due to this parasite remains to be studied. A cutaneous lesion due to 
L. (L.) i. chagasi has been reported in a patient from the state of Rio de Janeiro, 
Brazil (Oliveira et al. 1986). Unlike those described in Costa Rica and Honduras, 
however, the lesion was ulcerative, and cutaneous manifestations of infection with 
this parasite in Brazil would appear to be a rarity.
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 Lutzomyia longipalpis: The Major Vector 
of American Visceral Leishmaniasis

The overall coincidental distribution of Lu. longipalpis and AVL throughout most of 
Central and South America greatly strengthened the Deanes’ conviction that this 
was the major vector of the disease. Strangely enough, however, although Lu. lon-
gipalpis is perhaps the most easily colonized of all sand flies in the laboratory, 
repeated attempts to experimentally transmit the parasite by the bite of this insect 
failed. Appropriately enough it was in the Instituto Evandro Chagas, where so much 
of the early history of AVL began, that the chain of evidence incriminating this sand 
fly was finally completed when five separate transmissions to hamsters were 
obtained by the bites of experimentally infected laboratory-bred Lu. longipalpis 
(Lainson et al. 1977). The same laboratory (Lainson et al. 1984, 1985) studied a 
serious outbreak of AVL in the outskirts of Santarém, Pará, where they found this 
sand fly to be the only species consistently present in and around houses with human 
and canine infections. Large numbers were captured in the backyard of one house 
and were fed on clean hamsters, four of which subsequently develop fulminating 
infections. Dissections of the sand flies used in this experiment indicated an 
infection- rate of 7%, and 16 isolates were identified as L. (L.) chagasi on enzyme 
profiles and by monoclonal antibodies. This transmission by the bites of naturally 
infected Lu. longipalpis provided the most conclusive proof possible of the role of 
this sand fly as a major vector of AVL.

 The Ecology of Lutzomyia longipalpis: A Sylvatic Origin

Most early studies on AVL in Brazil were conducted in the sparsely forested north-
eastern states or in other parts of the country that have suffered considerable defor-
estation: As a result, there developed a tendency to think of the disease only as one 
that involves a dog and Lu. longipalpis in a domestic environment. Observations in 
the Amazon region of Brazil (Chagas et al. 1938; Lainson et al. 1986; Ryan et al. 
1986c), however, indicated that Lu. longipalpis is primordially a sylvatic species 
and that it can still be captured in remote primary forest far from human habitation. 
In Northern Brazil, this is particularly evident along the length of newly opened 
roads that pass through forested areas. Primitive houses, inevitably with dogs, 
chicken houses and other animal shelters, are rapidly thrown up along their length 
in very close proximity to the forest edge. Lu. longipalpis females have catholic 
feeding habits and quickly invade such habitations; thus, in an epidemiological 
investigation of cases of AVL along the forest-fringed Igarapé Miri-Tucuruí high-
way, this sand fly was found in the chicken houses of numerous widely separated 
houses only 18 months after the road had been opened (Lainson, Shaw, Silveira, & 
Souza, unpublished observations) (Fig. 4). Finally, even more conclusive evidence 
came from studies in the municipality of Salvaterra, Island of Marajó, Pará, in a 
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focus of AVL (Lainson et al. 1990). Using CDC light-traps variously placed over 
caged chicken, a fox and sawdust impregnated with the urine and faeces of a fox, 
attempts were made to capture Lu. longipalpis in a pocket of residual primary for-
est, in the backyard of a house some 500  m distant, and in neighbouring open 

Fig. 4 Focus of AVL in Pará. Igarapé Miri-Tucuruí highway crossing the primary forest. Dwellings 
were built close to the road, and within 18  months of their construction they contained Lu. 
longipalpis
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savanna. During the dry season, 80 trapping-nights in the forest produced a total of 
47 of these sand flies consisting of 22 males and 25 females: None were caught after 
14 captures in the savanna, and 2 captures in the backyard of the house provided 
only 1 male and 4 females. During the wet season, the results were much more 
impressive: 32 trapping-nights in the forest provided 1161 (463 males and 698 
females); 26 captures in the savanna gave a total of 4 (1 male and 3 females); and 24 
captures in the backyard of the house produced a total of 1274 (572 males and 702 
females). From this and other studies, it was clear that the natural savanna is an 
unattractive breeding site for Lu. longipalpis. In contrast, the large numbers of this 
sand fly caught in the patch of forest, and the marked association of males and 
females during both the dry and wet seasons, strongly suggested this to be an impor-
tant breeding site (Figs. 5 and 6). Galati et al. (2003) reported the capture of Lu. 
longipalpis in the forest environment in the state of Mato Grosso do Sul, Brazil. It 
remains to be determined, however, if the peri-domestic accumulation of this sand 
fly is entirely due to their migration from the sylvatic habitat or, at least in part, to 
the establishment of a secondary peri-domestic breeding site.

The discovery of the latter would be a significant step forward in the control of 
AVL, but to date all available evidence suggests that the immature stages of Lu. 
longipalpis are thinly dispersed and not concentrated in any particular microhabitat 
(Deane 1956). In Salvaterra, on the Island of Marajó, the results of an examination 
of soil removed within and around a small, heavily infested chicken house sug-
gested that the sand flies were not breeding in that microhabitat but had migrated to 
the chicken house from elsewhere (Dye and Quinnell 1994, personal communica-
tion). It has been shown in the laboratory that the male produces a pheromone that 

Fig. 5 Primary forest in the Serra dos Carajás, Pará State, Brazil, in which very small numbers of 
Lu. longipalpis were captured
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attracts the female from a substantial distance (Morton and Ward 1989), thus lead-
ing these investigators to suggest that the attraction of host odour and male phero-
mone worked together synergistically at the same time. In contrast, after their 
observations on the progressive infestation of newly constructed chicken houses by 
Lu. longipalpis, Dye et al. (1991) and Quinnell and Dye (1994a) were led to the 
conclusion that the females, accompanied by some males, are at first attracted by 
host odour and later by the pheromone. It was noted, however, that whereas the 
males tended to remain longer in the chicken houses, most of the females did not 
rest there during the day.

That Lu. longipalpis females feed readily on domestic chicken suggests that wild 
birds are likely to be among their sylvatic hosts. This sand fly’s concentration in 
chicken houses is of considerable epidemiological importance because it is not cus-
tomary to spray these with insecticides during antimalarial campaigns, which still 
remain the principal indirect form of control of AVL.

After experimental studies on the peri-domestic distribution of Lu. longipalpis in 
Salvaterra, Island of Marajó, Quinnell and Dye (1994a, b) concluded that this sand 
fly tends to congregate at sites outdoors, including animal sheds, where leks can 
most easily form on abundant, stationary (sleeping) hosts. The flies are much less 
frequently encountered within houses and, because most dogs sleep outdoors, this 
probably accounts for a much higher infection rate of AVL in dogs than in humans. 
It was also suggested that human exposure to the bites of Lu. longipalpis was great-
est in poorly constructed houses with abundant holes in the walls and the roof.

Fig. 6 Eco-epidemiology of AVL in Pará State, Brazilian Amazonia. Full lines = definite transmis-
sion lines. Interrupted lines = possible alternative transmission lines, involving other animals as 
well as humans, as a source of infection for Lu. longipalpis. (Source: Lainson and Rangel 2003b)
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 Urbanization

Visceral leishmaniasis produces major impacts on human health as a consequence 
of environmental change, mainly through the possible expansion of transmission 
areas. Continuous environmental change processes—such as deforestation, fires, 
agriculture, mining, construction of dams and hydroelectric-power plants, migra-
tion, unplanned urbanization and lack of urban infrastructure—are examples of 
situations that have led to an increase in people at risk of infection and fostered the 
emergence of outbreaks of leishmaniasis in a new eco-epidemiological pattern 
(Rangel and Vilela 2008; Vilela 2012). AVL shows a persistent scenario in Brazil 
with most of the factors contributing to its endemicity residing in processes that are 
external to the health sector. This makes the strengthening of new strategies 
necessary.

In a study conducted at the state of Tocantins, the results demonstrated a correla-
tion between deforestation and the possible emergence of outbreaks because AVL 
persists in areas with environmental changes. The increase of deforested areas 
remained constant in the state and also showed expansion in the record of human 
cases, especially in the municipality of Araguaína. Some municipalities remained 
classified as areas of intense transmission according to the methodology proposed 
by the Brazilian Control Program of Visceral Leishmaniasis (Brasil 2014), espe-
cially in the northern and central region, thus showing that the number of human 
cases remained high and constant throughout the years, principally in areas where 
there is great environmental impact (Fig. 7). The vector Lu. longipalpis was present 
in all land-use classes because it has adapted to all environments, including impacted 
areas. This information, coupled with the correlation between the incidence of the 
disease and urban areas, demonstrate once again the vector’s adaptation to anthropic 
environments (Afonso et al. 2017) (Fig. 8). In the same municipality, a centrifugal 
dissemination pattern was suggested for AVL, in which the disease showed succes-
sive outbreaks in central and peri-urban areas from 2008 onward (Toledo et  al. 
2017).

The literature contains records of the eclectic behaviour of Lu. longipalpis, 
which feeds on a variety of mammals, including dogs, pigs, equines, bovines and 
birds (Afonso et al. 2012). Given favourable environmental conditions, the abun-
dance of feeding sources is a determinant factor for the vector’s population growth, 
especially in peri-urban and urban areas, which favours its approximation to man.

In Ceará state (Massapê), specimens that fed on more than one source of animal 
blood were detected, which illustrates the eclectic feeding behaviour of Lu. longi-
palpis and the general behaviour of sand flies of “tasting” different hosts before 
completing a blood meal, an important aspect of leishmaniasis transmission (Afonso 
et al. 2012).

In a study of Lu. longipalpis populations from Araguaína (TO), Fortaleza (CE), 
and Sobral (CE), all of which are areas of intense transmission of AVL, the vector 
fed mainly on humans (Afonso 2013; Brasil 2014). The anthropophilic behaviour of 
Lu. longipalpis has been demonstrated in many studies (Deane 1956; Lainson and 
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Fig. 7 Spatio-temporal profile of the stratification of municipalities for AVL in Tocantins State, 
2004–2015. (Source: Afonso et al. 2017)
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Fig. 8 Map of Tocantins State with land-use classes in association with the presence of Lu. longi-
palpis. (Source: Afonso et al. 2017)
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Rangel 2005), which is one of the essential criteria for vector incrimination 
 according to Killick-Kendrick (1990).

The ability to feed on domestic animals (Alexander et al. 2002; Afonso et al. 
2012; Brasil 2014) and on synanthropic animals, such as opossums and rodents 
(Sherlock et al. 1984, 1988; Schalling et al. 2007; Afonso et al. 2012; Lara-Silva 
et al. 2014), favours the adaptation of Lu. longipalpis to human-modified habitats. 
This allows the maintenance of the transmission cycle of AVL in rural areas and its 
expansion to urban areas, which characterize the two Brazilian transmission profiles 
(Brasil 2014).

To understand AVL’s urbanization in Brazil, we must use different tools and 
analyses in entomological surveillance capable of detecting changes in the biology 
and behaviour of the vector species involved in its transmission. The principal AVL 
vector in the Americas is Lu. longipalpis, which is present in most Brazilian states 
except for Amazonas and Santa Catarina (Vilela et  al. 2014; Borges et  al. 2017, 
Fig. 2). AVL is expanding because of environmental changes and the adaptation of 
Lu. longipalpis to various habitats. To stop this, the planning and implementation of 
public policies must include measures that minimize the impact of anthropogenic 
environmental changes favouring AVL transmission. These integrated actions must 
be incorporated at regional, national and international levels (Salomón et al. 2015).

In the Central Western region of Brazil (Almeida et al. 2015), Lu. longipalpis has 
been shown to be present in all biomes, which corroborates with the results of other 
studies and demonstratesits adaptability to different environments (Deane and 
Deane 1962; Lanzaro et al. 1993; Sherlock 1996; Aguiar and Medeiros 2003; Galati 
2003; de Almeida et al. 2013). Lu. cruzi is predominant in the states of Mato Grosso 
and Mato Grosso do Sul, thus confirming the findings of Missawa and Lima (2006). 
Lu. longipalpis presented a broader geographic distribution compared with Lu. 
cruzi, although the niche model revealed high climatic suitability for Lu. cruzi to the 
southern region of Goiás.

In the State of São Paulo, a study of spatial and temporal distribution detected 
that the presence of the vector Lu. longipalpis preceded the presence of both canine 
cases and thus human cases and that the transmission expanded to the central region 
and then to the north and south regions (Casanova et al. 2015).

 Other Possible Vectors of Leishmania (Leishmania) infantum 
chagasi in Brazil and Neighbouring Countries

The idea that sand flies, other than members of the Lu. longipalpis complex, trans-
mit L. (L.) infantum in the Americas originated in epidemiological studies and 
recently has gained support from molecular studies. However, this must be viewed 
with caution due to technical limitations. In addition, finding parasite DNA in a 
sand fly does not relate to transmissibility.
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The assumption that Lu. longipalpis s.l. was the sole sand-fly vector of L. (L.) i. 
chagasi throughout the whole geographical range of AVL persisted for >50 years. 
Suspicions were raised, however, that other species of sand flies might be involved 
in Venezuela when cases of the disease were recorded in the apparent absence of 
this sand fly.

Thus, Potenza and Anduze (1942) were unable to find Lu. longipalpis in two 
districts of the state of Bolivar, where two cases of infantile visceral leishmaniasis 
had been diagnosed, and Pifano and Romero (1964) suggested that Pintomyia 
evansi (Nuñez-Tovar) might be an alternative vector in a focus of AVL in the 
Turmiquire hills, state of Sucre, Venezuela, where Lu. longipalpis was seemingly 
absent. A further 26 years elapsed, however, before this suspicion was substantiated 
when Travi et al. (1990) showed that 87% of the sand flies captured in a focus of 
AVL in the Córdoba Department of Colombia were Pi. evansi and that one of these 
flies was infected with L. (L.) i. chagasi as identified by isolation of the parasite and 
its characterization by isoenzyme electrophoresis. In further studies in north 
Colombia, promastigotes were found in nine more specimens of Pi. evansi and the 
parasite again identified as L. (L.) i. chagasi on two occasions (Travi et al. 1996). 
Thus, the presence of Pi. evansi in peri-domestic and intra-domestic habitats 
throughout the year, as well as the apparent absence of Lu. longipalpis, led to the 
conclusion that Pi. evansi is the principal vector of AVL in that region of Colombia, 
although elsewhere the vector has been shown to be Lu. longipalpis (Ferro et al. 
1995). Recently, in Carabobo state, Venezuela, Aguilar et al. (1998) recorded the 
presence of promastigotes in a single specimen of Pi. evansi captured in an area 
endemic for AVL, and—among 1757 sand flies caught in and around houses—72.9% 
were Pi. evansi and only 1.3% were Lu. longipalpis.

Finally, Feliciangeli et al. (1999) used k-DNA restriction analysis to show high 
homologies between the culture forms of the parasite from Pi. evansi and a standard 
stock of L. (L.) i. chagasi. These findings regarding Pi. evansi raise two major ques-
tions: (1) whether or not it may be an alternative vector of AVL in other parts of this 
sand fly’s geographical range; and (2) whether there exist other alternative vectors. 
In addition to Colombia and Venezuela, Pi. evansi has been recorded in Costa Rica, 
Honduras, Nicaragua, El Salvador, Guatemala (Young and Duncan 1994) and 
Mexico (Ibáñez- Bernal et al. 2004). Evidence suggests that adaptation of L. (L.) i. 
chagasi to Pi. evansi is a relatively recent event that is still in progress. Thus, 
Montoya-Lerma et al. (2003) made a study of the infection-rates and development 
of L. (L.) i. chagasi in Lu. longipalpis and Pi. evansi under both natural and experi-
mental conditions. Experimental infection rates and the cycle of L. (L.) i. chagasi in 
the two flies showed that parasite colonization, differentiation, attachment to the gut 
epithelium and migration to the foregut were all more frequent and uniform in Lu. 
longipalpis than they were in Pi. evansi.

As far as we can ascertain, Pi. evansi has not been found in Brazil; however, 
speculations have been made regarding the possible role of a variety of other sand- 
fly species in the transmission of L. (L.) i. chagasi. Oliveira et al. (1959) failed to 
find Lu. longipalpis in a village in Minas Gerais where there was a high incidence 
of AVL, and suspicion fell principally on Lu. intermedia and Lu. whitmani.
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Coelho et al. (1965) were also unable to capture Lu. longipalpis in a focus of the 
disease in southwest Goiás where the most common sand flies were Lu. intermedia, 
Lu. whitmani, Lu. shannoni and Lu. (Psychodopygus) davisi. Ryan et  al. (1984) 
recorded heavy promastigote infections in Lu. antunesi captured in a focus of AVL 
on the Island of Marajó, Pará. Although the organism remained unidentified, its 
supra-pylarian development in the sand fly raised the question as to whether it was 
L. (L.) i. chagasi. The same investigators (unpublished observations) found heavy 
infestations of Lu. furcata in pigsties in an area near Belém, Pará, where isolations 
of L. (L.) i. chagasi had been made from foxes but where Lu. longipalpis could not 
be found. Lu. furcata is not anthropophilic but attacks a variety of wild and domestic 
animals. It could possibly represent, therefore, an alternative vector among such 
reservoir hosts of L. (L.) i. chagasi as dogs and foxes: Experimentally, it has been 
shown to can transmit another species of Leishmania, L. (L.) amazonensis (Ryan 
et al. 1986a).

The female of the sand fly Lu. cruzi is morphologically indistinguishable from 
that of Lu. longipalpis (Martins et al. 1984), and the two species can only be reliably 
separated by small differences when comparing the males. To add to the confusion, 
a distribution overlap makes it difficult to incriminate either species as the vector of 
AVL in areas where the two are found together. Santos et al. (1998) dissected many 
sand flies captured in CDC light-traps around houses in a focus of AVL in Corumbá 
and Ladário, Mato Grosso do Sul, and found promastigotes in 14 female specimens 
all with the morphology of Lu. longipalpis/ Lu. cruzi. The parasite was identified as 
L. (L.) i. chagasi by monoclonal antibodies and, in virtue of the apparent absence of 
males of Lu. longipalpis in their captures, these investigators concluded that all of 
the infected flies were Lu. cruzi and that “(...) Lu. cruzi is the vector of Leishmania 
chagasi in Mato Grosso do Sul, Brazil.” Although the evidence for this supposition 
is strong, it is not yet conclusive, and Santos et al. (2003) have in fact confirmed the 
presence of Lu. longipalpis in the Corumbá area of study. Until infected females can 
be conclusively identified as Lu. cruzi—by way of biochemical methods (Ryan 
et al. 1986b), by DNA probes (Ready et al. 1991) or after the production of adults 
by raising them from the eggs of infected flies (Ryan et al. 1987)—the role of Lu. 
cruzi as a vector of L. (L.) i. chagasi must remain doubtful. Santos et al. (1998) sug-
gested that the epidemiology of AVL in the area of Bolivia bordering Mato Grosso 
do Sul “(...) certainly should be the same (...),” namely, that Lu. cruzi also occurs in 
Bolivia. The central region of Brazil then presented a differentiated situation regard-
ing the transmission of AVL. As already mentioned, in 1998 it was suggested that 
Lu. cruzi would be involved with the transmission of AVL in Corumbá and Ladário 
(MS) due to its anthropophily, high density and absence of Lu. longipalpis in the 
transmission areas (Santos et al. 1998). In 2003, the same group reported the finding 
of natural infection in Lu. cruzi (Santos et al. 2003). Subsequently, in 2006, evi-
dence pointed to the participation of Lu. cruzi in AVL transmission in the municipal-
ity of Jaciara (MT) (Missawa and Lima 2006). Such studies show that in areas 
where Lu. longipalpis is not present, Lu. cruzi would be involved in the transmission 
of AVL.
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Among other possible “alternative” vectors, Lu. intermedia and Lu. whitmani 
must be included. Lu. intermedia, highly suspected as a vector of L. (V.) braziliensis 
in southeast Brazil, shares a similar habitat to that of Lu. longipalpis, is highly 
anthropophilic and is also known to feed on dogs: In addition, it has been experi-
mentally infected with L. (L.) i. chagasi (Chagas 1940, Paraense & Chagas 1940). 
In contrast, Lu. intermedia has not been recorded further north than Paraíba, in 
Alagoa Grande and Areia, and part of Pernambuco in Lagoa dos Gatos, Nazaré, 
Quipapá, Timbaúba and Vitória de Santo Antão (Martins et  al. 1978; Young and 
Duncan 1994). Consequently, it cannot be involved as a secondary vector of AVL in 
the highly endemic areas in Ceará and Piauí or in the states of Maranhão and Pará. 
Lu. whitmani sensu stricto is a confirmed vector of L. (V.) braziliensis in Northeastern 
Brazil (Rangel and Lainson 2003) and, as mentioned previously, has been suspected 
as a vector of AVL in Minas Gerais and Goiás. It is highly anthropophilic and fre-
quently found, together with Lu. longipalpis, in chicken houses and human dwelling 
places. Regarding transmission in the sylvatic habitat in north Brazil, Lu. whitmani 
sensu lato might function as a vector among foxes, but its rarity near houses and its 
non-anthropophilic habits militates against it being a vector of L. (L.) i. chagasi to 
humans.

In the Amazon region, suspicion must fall on Lu. flaviscutellata as a conceivable 
alternative vector of L. (L.) i. chagasi. It is better known as the major sylvatic vector 
of L. (L.) amazonensis among a variety of rodents and marsupials, but this parasite 
has been isolated from a fox in Pará (Lainson and Shaw 1987), thus indicating that 
this sand fly does include foxes among its hosts and that these animals are natural 
hosts of L. (L.) i. chagasi. Lu. flaviscutellata is occasionally found invading the peri- 
domestic habitat in areas where isolated cases of Amazonian AVL have been diag-
nosed (Lainson et al. 1994). It is not greatly attracted to humans, however, so its role 
as a secondary vector, if indeed it exists, would be of minor importance. Souza et al. 
(2003) were unable to find Lu. longipalpis in 6 of 18 foci of AVL in the municipality 
of Rio de Janeiro and suggested the participation of other species of sand flies, such 
as Lu. migonei and Lu. firmatoi. When considering the apparent absence of Lu. 
longipalpis in such foci of AVL, however, it must be remembered that with the 
change of rainy to dry season, the population density of this sand fly may fall to such 
an extent that no examples can be found until the next wet season.

In studies conducted through multiplex polymerase chain reaction (PCR) assays, 
it was possible to detect two Mg. migonei females from an AVL-transmission area 
in Pernambuco infected by L. (L.) infantum, the first finding of natural infection of 
this species, thus suggesting that this could be the vector of L. (L.) infantum in areas 
of AVL where Lu. longipalpis is absent (de Carvalho et al. 2010). Guimarães et al. 
(2016) observed the production of L. (L.) infantum metacyclic forms and the 
promastigote- secretory gel in experimentally laboratory-bred flies. The infections 
were similar those seen in experimentally infected Lu. longipalpis, which led the 
investigators to consider that Mg. migonei is a permissive vector. In Argentina, there 
is also epidemiological evidence (Salomón et al. 2009) of a vectorial role of Mg. 
migonei in AVL transmission.

Table 1 lists infections of L. (L.) infantum detected by different molecular meth-
ods. The interpretation of the importance of these infections must be viewed with 
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caution. Under no circumstances can they be considered as vectors but simply as 
potential vectors that require investigation in greater detail. Savani et  al. (2009) 
observed flagellates in both Lu. longipalpis and Lu. almerio that were identified by 
(Small Subunit Ribosomal DNA) SSU rDNA-based PCR as L. (L.) infantum. This 
raises the intriguing possibility that both were transmitting AVL. Clearly, other sand 
flies— such as Lu. cruzi and Mg. migonei—are potential AVL vectors (Santos et al. 
1998; Salomón et al. 2010; de Carvalho et al. 2010), but Lu. longipalpis is the most 
important component in AVL transmission and is undoubtedly the principal biologi-
cal risk factor in the transformation of epidemiological profiles and the increase in 
the diseases urbanization.

The establishment of L. (L.) infantum in the Americas was due to the parasite 
finding a permissive vector, in other words, Lu. longipalpis. By encountering other 
permissive vectors that adapt to the peridomestic habitat, it is likely that AVL could 
become established in areas that are ecologically inhospitable to Lu. longipalpis 
(Peterson et al. 2017).

 Other Wild Animal Hosts of Leishmania (Leishmania) 
infantum chagasi

Sherlock et al. (1984, 1988) isolated L. (L.) i. chagasi from two opossums, Didelphis 
albiventris, captured in a focus of AVL in Jacobina, Bahia, but they considered that 
it was unlikely that this animal represented an important reservoir of the parasite 
because of the low infection rate (only 2 of 84 examined).

Table 1 List of sand-fly infections of Leishmania (L.) infantum diagnosed by different molecular 
methods in sand flies

Genus Species Literature source Country State

Evandromyia cortelezzii Carvalho et al. 2008 Brazil MG
Ev. lenti Rego et al. 2014 Brazil MG
Ev. salesi Saraiva et al. 2008 Brazil MG
Ev. termitophila Saraiva et al. 2010 Brazil MG
Expapillata firmatoi Donalisio et al. 2017 Brazil SP
Lutzomyia almerio Savani et al. 2009 Brazil MS
Lu. cruzi de Pita-Pereira et al. 2008 Brazil MS
Lu. forattinii de Pita-Pereira et al. 2008 Brazil MS
Lu. ischnacantha Rego et al. 2014 Brazil MG
Micropygomyia peresi Rego et al. 2014 Brazil MG
Migonemyia migonei Moya et al. 2015 Argentina MI
Nyssomyia intermedia Rego et al. 2014 Brazil MG
Ny. neivai Saraiva et al. 2008 Brazil MG
Ny. whitmani Moya et al. 2015 Argentina MI
Ny. whitmani Saraiva et al. 2010 Brazil MG
Pintomyia monticola Donalisio et al. 2017 Brazil SP
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Investigators in Colombia (Corredor et al. 1989a, b; Travi et al. 1994) registered 
the isolation of the parasite from the common opossum Didelphis marsupialis after 
the in vitro culture of spleen, liver and skin in various media and the intraperitoneal 
inoculation of hamsters. In one focus of AVL, the infection rate of the opossums was 
as high as 12 of 37 (32%), and it was concluded that this animal is an important 
reservoir of L. (L.) i. chagasi. Travi et al. (1998a) followed-up these findings by 
experimentally infecting D. marsupialis with both amastigotes and promastigotes 
of L. (L.) i. chagasi (dog strain). No parasites could be detected by culture of the 
opossums’ blood, and only very few Lu. longipalpis were infected when fed on 
these animals. They nevertheless considered that xenodiagnosis with the sand fly 
Lu. longipalpis was a more sensitive method for detecting infection than PCR. Travi 
et al. (1998b) then studied a variety of small mammals captured in both undisturbed 
and degraded dry forest in northern Colombia using PCR and dot-blot hybridization 
techniques: They made no attempt to isolate the parasite. Positive PCR/hybridiza-
tion results for L. (L.) i. chagasi DNA were obtained for 3 of 21 (14.3%) D. marsu-
pialis caught in undisturbed forest and 13 of 137 (9.5%) specimens of this animal 
from the degraded forest. Positive results were also recorded for 3 of 34 specimens 
of the rodent Proechimys canicollis from undisturbed forest and in 2 of 4 specimens 
from degraded forest. The investigators considered these results to indicate active 
infections of these rodents with L. (L.) i. chagasi. No foxes were examined in these 
surveys, although the investigators stated that C. thous was present in the study 
areas and “(…) might contribute to the maintenance of L. chagasi.” The high per-
centage of C. thous infected in foci of AVL in North Brazil—and the experimental 
infection of Lu. longipalpis fed on an infected fox—together suggest this to be 
highly likely.

Studies of feeding habits carried out in Lu. longipalpis populations from Sobral 
(CE), Massapê (CE) and Jequié (BA), Brazil and in Colombia (Morrison et al. 1993; 
Afonso et  al. 2012) revealed positivity for opossum blood. These indications, 
together with reports of natural infection of D. marsupialis by Leishmania spp., 
possibly L. (L.) infantum chagasi, add to the discussion about the role of these mam-
mals as potential reservoirs for AVL.

Because of positive PCR hybridization tests for L. (L.) i. chagasi in wild-caught 
Pr. canicollis, the Colombian workers investigated the susceptibility of another 
spiny rat, P. semispinosus, to experimental infection with L. (L.) i. chagasi by the 
intracardial and intradermal inoculation of promastigotes (Travi et  al. 2002). No 
parasites could be isolated from these spiny rats on periodic culture of liver aspi-
rates, but at autopsy they were isolated in cultures of splenic material from 5 of 10 
of the animals. No parasites could be found in stained spleen smears, and repeated 
xenodiagnosis (Lu. longipalpis) failed to reveal parasites. Finally, results of PCR 
hybridization examination of skin (ears) were all negative.

The investigators concluded that “The inability to infect P. semispinosus experi-
mentally with L. chagasi indicates that it is not highly susceptible to this Leishmania 
species (…)”; that “(…) L. chagasi infection in Proechimys semispinosus is con-
tained and compartmentalized”; and that “Proechimys canicollis, which is naturally 
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infected with L. chagasi in Northern Colombia, may be a more capable reservoir 
host than P. Semispinosus.”

During studies on leishmaniasis in the Amazon region of north Brazil by investi-
gators from the Instituto Evandro Chagas, a total of 2637 wild animals— including 
rodents, marsupials, procyonids, canids and edentates—were examined for leish-
manial infection (Lainson et al. 1987): This list included large numbers of the opos-
sum D. marsupialis and the spiny rat P. guyannensis, many of which were captured 
near the houses of patients with AVL and—as in the case of opossums—frequently 
in the backyards of such houses. No infections with L. (L.) i. chagasi were detected 
in any animal other than the fox C. thous after culture of spleen and liver tissue and 
inoculation of this material intraperitoneally into hamsters. At the time of these 
studies, the PCR/hybridization technique had not been developed and, in view of the 
finding of Travi et al. (1998b) (i.e. that tissues of wild-caught P. canicollis gave 
positive PCR results for L. (L.) i. chagasi DNA in Colombia), Lainson et al. (2002) 
examined the susceptibility of laboratory-bred P. guyannensis to experimental 
infection with a canine strain of L. (L.) i. chagasi from north Brazil. The animal 
proved to be totally resistant to infection by way of promastigotes and amastigotes 
after massive intraperitoneal inoculation of the parasite, and the results of subse-
quent PCR/hybridization tests made on liver and spleen tissue were negative. This 
failure in attempts to feed laboratory-bred Lu. longipalpis on P. Guyannensis, or to 
capture this sand fly in traps baited with the rodent and placed in or near houses 
infested by Lu. longipalpis, led to the conclusion that this species of spiny rat plays 
no part in the eco-epidemiology of AVL in north Brazil.

At the 3rd World Congress on Leishmaniasis in April 2005, investigators at the 
Adolfo Lutz Institute, São Paulo, Brazil, presented the results of an examination of 
wild animals for evidence of Leishmania infections in two localities of endemic 
cutaneous leishmaniasis in the state of São Paulo. Each animal was examined by 
“(…) one or more of the following methods: detection of rK39 antibody in whole 
blood; intradermal inoculation of hamsters with skin biopsies from lesions and/or 
hipocromic spots or culture and/or DNA extraction for PCR and RFLP tests.” 
Among the positive results were “L. (L.) chagasi in 1 Akodon sp. and 2 D. 
Marsupialis.” Unfortunately, the published abstract of the presentation (Tolezano 
et al. 2005) does not indicate by which method these results were obtained or, more 
importantly, if the parasite was isolated from these three animals.

The finding of a benign L. (L.) i. chagasi infection in marsupials and rodents sug-
gests their possible role as source of infection to sand flies. Of greater importance, 
however, is the fact that it raises the question as to what extent these animals may 
act as reservoirs of infection for the sand-fly vector and thus play a role in the epi-
demiology of human AVL.

An effective reservoir host of any parasite is one that can participate in the main-
tenance and dissemination of that parasite in nature. When parasites are dependent 
on haematophagous vectors for their transmission, it is clearly necessary to show 
that these can be infected when fed on the host in question. Until this is done, the 
infected animal is best referred to as a “potential reservoir.” The isolation of L. (L.) 
i chagasi from numerous specimens of the fox C. thous and the opossum D. marsu-
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pialis—and the experimental infection of Lu. longipalpis fed on these animals—
places them firmly in the category of natural reservoirs of L. (L.) i. chagasi (Lainson 
et al. 1990; Travi et al. 1998a). In contrast, although positive results of PCR tests on 
the tissues of some wild rodents do suggest that these may also represent reservoirs, 
isolation of the parasite and experimental infection of Lu. longipalpis fed on the 
infected animals is needed to confirm this.

In Minas Gerais, the species Rattus norvegicus was found infected by L. infan-
tum [= L. (L.) i. chagasi] using the Leishmania nested-PCR technique, thus suggest-
ing the possibility of this rodent’s participation in the AVL zoonotic cycle (Lara-Silva 
et al. 2014).

 Other Parasites Associated with Visceral Leishmaniasis

L. (L.) amazonensis has been isolated from AVL patients from Bahia, Brazil (Barral 
et  al. 1991) and Endotrypanum colombiensis from cases of AVL in Venezuela 
(Rodriguez-Bonfante et al. 2003). In 2007, L. (L.) amazonensis was identified in 
two dogs from Araçatuba, São Paulo state, diagnosed clinically as having canine 
visceral leishmaniasis (Tolezano et al. 2007). This same parasite has also been iden-
tified in dogs from two CVL-endemic locations in Minas Gerais state (Dias et al. 
2011; Valdivia et al. 2017).

In the above-mentioned areas, Lu. longipalpis is the CVL vector, and Sherlock 
(1996) transmitted L. (L.) amazonensis with flies of this species from Jacobina, 
Bahia. In addition, this natural infection of this same parasite has been found using 
molecular methods in Lu. longipalpis captured in an endemic AVL region of Mato 
Grosso do Sul (Paiva et al. 2006; Savani et al. 2009).

The natural vector of L. (L.) amazonensis is Bi. flaviscutellata, which can be 
found in both primary and secondary forest but not in peri-domestic habitats. 
Evidence is accumulating that it is being transmitted in this habitat, amongst dogs, 
by Lu. longipalpis. It is possible that this cycle starts by a dog becoming infected by 
an infected Bi. flaviscutellata when it goes into forested areas, and on its return to 
the peri-domestic area it becomes a source of infection of Lu. longipalpis. However, 
given this fly’s presence in forests, it cannot be ruled out that it also takes part in the 
sylvatic cycle of L. (L.) amazonensis.

 Amazonian American Visceral Leishmaniasis: Indigenous or 
Introduced?

Although there remains little doubt that peri-domestic/intra-domestic infestations 
by Lu. longipalpis and/or Pi. evansi originate(d) from sylvatic populations, the ori-
gin of L. (L.) i. chagasi in Amazonia has been controversial, particularly in the more 
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remote forested areas. This led Lainson and Shaw (1998) to consider that the para-
site was indigenous (i.e., present before humans’ presence in the Americas) and not 
imported by immigrants from the northeast foci. This hypothesis was further moti-
vated by finding infections in healthy wild foxes (Silveira et al. 1982; Lainson et al. 
1969, 1987) and records of sporadic, widely separated cases in Pará state that were 
not significantly associated with immigrant families from the northeastern VL foci. 
A similar occult infection in C. thous was recorded in a focus of AVL in Corumbá, 
Mato Grosso do Sul, Brazil (Mello et al. 1988). Furthermore, infections registered 
in men sleeping in lumber camps in or near forest, far from fixed habitations, sug-
gested a feral source of the parasite (Lainson, Shaw, Silveira and Souza, unpub-
lished observations).

If the parasite was indigenous in Amazonian foxes, then where did it come from? 
Wild canids have been present in South America since the Pleistocene era some 2–3 
million years ago (Perini et al. 2010) and are considered to have originated from 
North America. This was around the same period that donovani and infantum split 
from the ancestral visceral line (Barratt et al. 2017). It also marked the beginning of 
the ice age. which lasted until about 12,000  year ago. Given these scenarios, it 
seems very unlikely that an African parasite of canids could have reached American 
canids before the European colonization of the American continent.

Only now are we beginning to appreciate the speed at which vector-borne patho-
gens can spread. Its introduction into an area where there is a suitable vector results 
in its rapid expansion as has been witnessed recently with the Zika virus (Bogoch 
et al. 2016). A more plausible explanation of fox infections in Amazonia is that they 
became infected from dogs habouring L .(L.) infantum that were imported with 
immigrants from the Iberian Peninsula. Settlers from this region began to arrive in 
western Amazonia at the end of the seventeenth century. It is inconceivable that dur-
ing a period of >200 years that infected dogs were not inadvertently imported. Local 
foxes would have found the farmsteads a source of food and could have become 
infected while visiting them. In these early settlements, there is also strong evidence 
that wild Lu. longipalpis adapted quickly to a peri-domestic environment. This 
assumption exists because in the municipality of Igarape Miri, Pará, Lu. longipalpis 
was found in the chicken houses of numerous widely separated houses located 
along a stretch of road that had only been opened 18 months earlier (Lainson, Shaw, 
Silveira and Souza, unpublished observations). On returning to their feral habitats, 
an enzootic was set up with the help of local forest sand flies that probably included 
Lu. longipalpis. A similar situation could have occurred in other regions where 
foxes are found infected. It is important to remember that the occult nature of L. (L.) 
infantum in wild canids makes them excellent maintenance reservoirs. In the Old 
World, it has been suggested that the origin of human visceral leishmaniasis, due to 
parasites of the L. (L.) donovani complex, was a rural enzootic of wild canids, such 
as foxes, jackals and wolves, that later spread to dogs (Lysenko 1971).
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 Final Comments

We can never know the exact origin of the L. (L.) infantum infections found in 
American wild animals, but current evidence suggests that they are from infected 
dogs imported by immigrants during a period of hundreds of years. The presence of 
sylvatic sand flies, such as Lu. longipalpis and Pi. evansi, most probably resulted in 
the maintenance and spread of wild enzootic cycles of L. (L.) infantum in such ani-
mals as foxes, which are closely related to Old World foxes (Perini et al. 2010). A 
similar situation occurred with the yellow fever virus, which was imported from 
west Africa in the 1600s and spread throughout the Americas where it is now an 
enzootic of wild animals, such as monkeys, in Amazonia (Bryant et al. 2007).

Within this scenario there are two possible ways in which peri-domestic trans-
mission cycles can be established. One is from peri-domestic flies being infected 
from a roaming wild animal, such as a fox, or from imported infected dogs. Both 
situations require established populations of peri-domestic phlebotominae, such as 
Lu. longipalpis. Another feasible source of infection for either a human or a dog is 
going into a wooded area where there are flies that have become infected from a 
wild animal. This situation is probably rare.

Transmission of the parasite to dogs or humans in situations where peri-domestic 
fly populations have become infected is then only a question of time when a single 
infected dog, often with a vast supply of amastigotes for these sand flies in its skin, 
sets the scene for a small focus of canine or human visceral leishmaniasis. When 
human habitations become overcrowded, with conditions of poor hygiene and an 
abundance of domestic animals, particularly dogs, the concentration of the vector 
Lu. longipalpis (and/or Pi. evansi in some parts of Latin America) may reach very 
high levels, which present the risk of a serious outbreak of canine and human dis-
ease. At this stage of events, the dog becomes the major reservoir of infection for 
humans, and the wild-animal host may in fact no longer be present in the immediate 
area. Control measures in such foci of infection will certainly decrease the number 
of human cases of AVL, but—unfortunately—total elimination of the disease is 
unlikely due to a persistent source of L. (L.) i. chagasi in the wild-animal enzootic, 
a problem equally difficult to resolve in the matter of controlling cutaneous 
leishmaniases.
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Many microorganisms—ranging from viruses, bacteria, entomophthoralic fungi, 
trypanosomatids and aseptate gregarines to Tylenchida and Spirurida nematodes 
(Warburg 1991)—have been isolated from American sand flies. Their importance as 
vectors of Leishmania species has eclipsed their role as vectors or hosts of other 
organisms except for Bartonellosis. In the case of trypanosomatids, studies on leish-
maniasis have generated, directly or indirectly, most of the information that cur-
rently exists on these different parasites. In this chapter, we refer to findings of other 
monoaxenic parasites, including protozoa and bacteria, which can affect leishman-
ial vector efficiency. Eclectic feeding habits are responsible for epidemiological 
situations, in which viruses are transmitted between different vertebrates.

It is known that species such as Bichromomyia flaviscutellata and Lutzomyia 
longipalpis feed on both birds and mammals. However, there is evidence (Tesh et al. 
1971) that some species, such as M. micropyga, feed on both warm- and cold- 
blooded vertebrates. However, so far the participation of sand flies in the transmis-
sion between different animal phyla has not been verified. If it does occur, it is most 
likely to be viruses because there are examples of phyla switching such as that of 
West Nile Virus passing form birds to man or the overwintering of the western 
equine encephalitis virus in snakes (Gebhardt et al. 1964).
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 Viral Parasites

Vesiculoviruses (Rhabdoviridae – Vesiculovirus – vesicular stomatitis virus [VSV] 
group), phleboviruses (Bunyaviridae  – Phlebovirus  – phlebotomus fever group), 
and orbiviruses (Reoviridae–Orbivirus–Changuinola virus group) are amongst the 
various virus groups associated with phlebotomines in both the Old World and the 
New World.

It is important to note that the World Health Organization (WHO 1967) has sug-
gested criteria for recognizing an arthropod as an arbovirus vector, which—more 
recently—were referenced by the International Committee on Taxonomy of Viruses 
(ICTV 2016). They include the following:

 1. Isolation of the virus from species collected in the field;
 2. Demonstration of the ability of the arthropod to become infected by feeding on 

a viraemic vertebrate host or an artificial suspension of the virus;
 3. Demonstration of the ability of the insect to transmit biologically by stinging; 

and
 4. Accumulation of evidence in the field, confirming the association of the arthro-

pod with the vertebrate, in which the disease or infection is occurring.

Based on these criteria, the vectors are distributed as follows:

 1. Suspected vectors (those that meet one of the above criteria);
 2. Potential vectors (those that satisfy the natural infection and experimental trans-

mission tests); and
 3. Confirmed vectors (those that meet all the criteria (WHO 1967)).

From 1961 to 1995, 69 arbovirus serotypes were isolated from sand flies in sev-
eral areas of the Brazilian Amazon (Fig. 1), distributed among families, genera and 
groups (Table 1).

 Rhabdoviridae – Vesiculovirus – VSV Group

This genus currently consists of 16 distinct virus serotypes that have been isolated 
from a variety of arthropods and mammals in Asia, Africa, Europe and the Americas. 
Ten of them have been associated with sand flies (Comer and Tesh 1991). Six are 
known to cause disease in humans and domestic animals (Travassos da Rosa et al. 
1984). For this reason, they are of public and veterinary health importance.

In the Brazilian Amazon region, rhabdoviruses belonging to the VSV serogroup 
have been frequently recovered from phlebotomine sand flies; Carajás and Marabá 
vesiculoviruses were isolated from pools of Lutzomyia spp. captured in Serra Norte, 
municipality of Marabá, Pará state. In addition, the Carajás virus was isolated from 
a pool of male Lutzomyia spp. This shows that vertical transmission of this agent 
occurs in nature (Travassos da Rosa et al. 1984a). Both agents replicate and were 

J. J. Shaw et al.



419

Fig. 1 Map of the Brazilian Amazonia region showing the localization of the capture sites of the 
sand flies from which viruses were isolated

transmitted vertically by Lutzomyia longipalpis after intrathoracic inoculation 
(Travassos da Rosa et al. 1984a). This species is presumably not the natural vector 
of these viruses because Carajás and Marabá came from forest areas, which are not 
the normal habitat of Lu. longipalpis. Thus, other sand-fly species are likely to serve 
as vectors for these viruses (Comer and Tesh 1991).

Neutralizing antibodies to Marabá virus were detected in a single human-serum 
sample in Brazil (Travassos da Rosa et al. 1984a). However, the source of infection 
of these viruses for sand flies has not been determined nor has the their potential to 
cause human disease.

Inhangapi is a member of the Rhabdoviridae, but it does not belong to the genus 
Vesiculovirus. This possible arbovirus was isolated only once from a pool of L. flav-
iscutellata females captured in the Catu Forest, Belém, Pará (Karabatsos 1985). in 
which it had been tentatively inserted. More recently, the Kairi virus, isolated from a 
pool of sand-fly females caught in Nova Fronteira Agrovila (km 80), Altamira, Pará, 
was inserted in this family due to the results obtained by electron microscopy.
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Table 1 Arbovíruses isolated from Brazilian Amazonian sand flies between 1961 and 1995

Family Genus
Antigenic 
group Name Sample Isolation date

Rhabdoviridae Vesiculovirus VSV Carajás AR4113 28/01/1983
Marabá AR 411459 04/02/1983

Bunyaviridae Phlebovirus Phlehotomus Ambé AR407981 14/01/1982
Ariquemes AR485678 30/12/1988
Icoaraci AN24262 14/10/1960
Jacundá AR428329 31/10/1984
Joa AR371637 29/03/1979
Munguba AR389707 20/09/1980
Oriximiná AR385309 26–30/07/1988
Tapará AR413570 04/02/1983
Turuna AR352492 20–16/07/1978
Uriurana AR479776 16/12/1985

Reoviridae Orbivirus Changuinola Acatinga AR428250 06/09/1988
Acurenê AR446985 18/09/1985
Almeirim AR389709 20/09/1980
Altamira AR264277 30/07/1974
Água Branca AR505545 08/09/1990
Anapu AR496014 28–29/06/1986
Araçai AR425269 17–20/02/1984
Arataú AR428812 24/08/1984
Arawete AR505172 11–14/06/1987
Aruanã AR428815 27/08/1984
Assurinis Ar482249 03/09/1988
Bacajaf AR482267 18/09/1988
Bacuri AR496008 06–07/07/1986
Balbina AR478620 30/04/1988
Barcarena AR511413 18/06/1991
Canindé AR54342 05/04/1963
Canoal AR433317 01/10/1984
Catetê AR495605 31/10/1989
Coari AR433343 30/09/1984
Gorotire AR482251 06/09/1988
Gurupi AR35646 14–20/09/196 1
Iopaka AR491065 30/10/1984
Ipixaia AR490469 26/06/1986
Iruana AR496021 28–29/06/1986
Itaboca AR496034 04/07/1986
Jamanxi AR243090 04–12/06/1973
Jandiá AR440489 20/07/1985
Jatuarana AR440497 20/07/1985
Jutaí AR397374 28/05/1981
Kararaô AR447024 17–18/09/1985

(continued)
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Family Genus
Antigenic 
group Name Sample Isolation date

Melgaço AR524678 /11/1993
Ourém AR41067 02/04/1962
Pacajá AR440503 20/07/1985
Parauapebas AR415962 20/05/1983
Parti AR397370 28/05/1981
Pependana AR440504 20/07/1985
Pindobaí AR482675 10–21/02/1986
Piratuba AR478781 14/12/1985
Saracá AR385278 02/07/1980
Serra Sul AR498935 11/05/1990
Surubim AR440507 20/07/1985
Tapiropé AR434080 2 4/10/1984
Tekupeu AR505169 28/05–01/ 

06/1987
Timbozal AR440541 18–25/07/1985
Tocantins AR486776 20/05/1986
Tocax AR505170 02–03/06/1987
Tuerê AR484704 20/05/1986
Tumucumaque AR397956 25/05/1981
Uatumã AR478626 29–30/04/1988
Uxituba AR452652 04–20/04/1986
Xaraira AR490492 26/06/1986
Xiwanga AR505172 04–09/06/1987

Not classified Not classified Not grouped Papura AR450572 14–15/04/1985
Rio Preto AR540870 09–13/12/1995

Rhabdoviridaea Not classified Not grouped Inhangapi AR177325 28/11/1969
Iriri AR408005 18/02/1982

Bunyaviridaea Not classified Not grouped Santarém AN238758 06/06/1973
aProvisional family classification based on morphology and serology

 Bunyaviridae – Phlebovirus – Phlebotomus Fever Group

Phlebotomines also serve as vectors for an appreciable number of viruses included 
in the genus Phlebovirus. Of the 39 phleboviruses currently known, most (66%) 
have been associated with phlebotomines. It should be noted that all isolations of 
Old World sand-fly viruses are from insects belonging to the genus Phlebotomus, 
whereas those from the New World are from insects belonging to American sand-fly 
genera. Although there are other genera, this virus−insect association undoubtedly 
reflects the range of vertebrate hosts of these viruses, food preferences and the 
geographical distribution of vectors. Phleboviruses appear to be limited to mammals, 

Table 1 (continued)
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thus reflecting the preferences for mammals of the different phlebotomine genera 
that are their vectors (Tesh 1988).

Of the 39 recognized serotypes, 25 have been isolated in the New World 
(Vasconcelos et al. 2001). The prevalence of serotypes in the New World is probably 
a reflection of the large diversity of sand flies in the Americas. Indeed, approximately 
530 different sand-fly species are currently known in the New World, whereas only 
approximately 370 have been reported from the Old World.

Ten phleboviruses have been associated with disease in humans, who become 
infected when in contact with the sand-flies’ ecological niche. In the New World, 
this tangential mode of infection results in limited and sporadic numbers of cases, 
usually in people living near or in forested areas (Guerreiro et al. 1998). In addition, 
serological evidence of human infection has been reported with other phlebovi-
ruses, although its real potential as a disease is unknown. It is noteworthy that the 
diagnosis of infection by these agents is difficult and that little attention is given to 
such cases because they are easily confused with malaria, influenza and other viral 
respiratory diseases or other arbovirus diseases (Guerreiro et al. 1998). Phlebovirus 
Rift Valley, in addition to being a human pathogen, is also the main problem of 
veterinary health in Africa where small outbreaks and large epizootics have been 
reported for decades (Hassan et al. 2017; Peter and Morgan 1981).

In the Brazilian Amazon, 21 (9 not yet registered in the International Catalogue 
of arboviruses) Phlebovirus members have been isolated (Nunes-Neto et al. 2017; 
Travassos da Rosa et al. 1983). Of these, 9 were obtained from batches of female 
sand flies collected in various areas of the region. However, Pacui virus was also 
isolated from a pool of males as well as from rodents (Aitken et al. 1975). Ariquemes 
virus was isolated only once from a male pool, thus strongly supporting that trans-
ovarian transmission of these viruses in nature (Travassos da Rosa et al. 1998).

The other phleboviruses recorded in the region, with the exception of Itaporanga, 
have been isolated from naturally infected mosquitoes and vertebrates (humans and 
wild animals) that have not been associated with arthropods until now (Nunes-Neto 
et al. 2017).

It is important to note that provisionally within the family Bunyaviridae, but not 
included in any group or genus, is Santarém virus isolated from a rodent Oryzomys sp. 
and from a female pool of Psychodopygus carrerai (Travassos da Rosa et al. 1998).

 Reoviridae – Orbivirus – Changuinola Virus Group

The Changuinola group consists of many antigenically related viruses that have 
been associated with sand flies, mosquitoes and wild mammals. Such viruses have 
been found only in tropical America (Travassos da Rosa et al. 1984).

In the Brazilian Amazon, of the 58 serotypes belonging to the Changuinola group, 
52 were isolated from sand flies in several areas of the region (Table 1 and Fig. 1). 
Of these, only l1 are registered in the International Arbovirus Catalogue. Most of 
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these are single isolations, which makes it difficult to understand their natural enzo-
otic cycles. A recent study demonstrated that the orbiviruses isolated in the Brazilian 
Amazon are closely related with each other and constitute a highly related phyloge-
netic clade (Silva et al. 2014). In view of their abundance and the well- known ability 
of orbiviruses to form recombinants (Gorman 1979), new serotypes may continue 
to emerge.

 Unclassified Sand-Fly Viruses

Studies are underway to identify two new possible arboviruses—Papura and Rio 
Preto—isolated from sand flies in Tucurui Pará and Rio Preto da Eva, Amazonas, 
respectively (Travassos da Rosa et al. 1998) Rio Preto is a orthobunyavirus, whereas 
Papura virus has yet to be defined as to taxonomic status and thus remains as new 
ungrouped and unclassified virus.

 Summary

The diversity of virus types indicates the biological complexity of these agents and 
suggests that the potential vector role as well as that the public-health importance of 
sand flies has not been sufficiently appreciated. However, viral infection of male 
sand flies indicates that the transovarian transmission of certain viruses associated 
with these insects occurs naturally and that the ecology of some of these agents is 
quite different from those of mosquito-borne viruses.

Four phleboviruses (Alenquer, Candiru, Morumbi and Serra Norte) were found 
in febrile Brazilian patients; however, to date they have not been recorded in sand 
flies. Sloths are a known food source for sand flies, and infections of Changuinola 
and phlebovirus complexes have already been reported from them, but these viruses 
have not been found in sand flies. This dissociation of the isolates of insects and 
mammals makes one wonder whether they are in fact transmitted by sand flies.

 Bacterial Parasites

In 1964 Brooks (1964) drew attention to the potential importance of intestinal 
symbionts to insects of medical importance, but phlebotomines were not mentioned. 
Worldwide there are very few studies on the bacterial fauna of sand-fly intestines 
and the first of Brazilian sand flies was that of Oliveira et al. in 2000 (Oliveira et al. 
2000) who made cultures from the guts of female Lu. longipalpis captured in the 
Lapinha cave in Minas Gerais. This, together with other studies using the same 
methods (Pereira de Oliveira et  al. 2001; Gouveia et  al. 2008) and two using 
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metagenomic analyses (McCarthy et al. 2011; Sant’Anna et al. 2012), revealed the 
presence of 52 different bacteria (Table 2) in the intestinal tracts of Brazilian sand 
flies of the Lu. longipalpis complex. The drawback with culturing is that many bac-
teria go undetected because they do not grow in culture. In a more recent publication, 
Kelly et al. (2017) identified 609 microorganism OTUs in a 16S metagenomic analy-
sis of the midgut of laboratory-bred Lu. longipalpis. Many of those listed in Table 2, 
such as Serratia and Enterobacteria, were found; however, of the 121 identified to 
species only a few coincided with those found previously (Table 2). What is surpris-
ing is that species of Acanthamoeba and Wolbachia were identified. This suggests 
that other material other than those of the actual midgut contents were inadvertently 
included in the analysis.

Three important questions exist: Where do the bacteria come from? WHAT is 
their effect on the fly? How does this effect their vectorial capacity? It seems logi-
cal that they are ingested principally in the larval stage and, to a lesser degree, in 
the adult stage. The larvae feed on decaying material of vegetable and animal 
origin so they can become infected with both plant and animal pathogens. Some 
of these may be beneficial to the fly. For instance, the presence of nitrogen-fixing 
bacteria of the genus Bradyrhizobium could help them fix nitrogen. However, 
pathogenic bacteria could reduce the fly’s vigour and longevity. In addition, bacteria 

Table 2 Bacteria found in the intestine of Brazilian Lu. longipalpis and Lu. cruzi

Group/family Genus/species Source long. cruzi

Moraxellaceae Acinetobacter baumannii 2,3,4 + −
Moraxellaceae A. bucaniid 4 +a −
Moraxellaceae Acinetobacter sp. 5 + −
Moraxellaceae A. lwoffi 1.2 + −
Bacillaceae Anoxybacillus flavithermus 4 + −
α Proteobacterium Asaia sp. 6 + −
Bacillaceae Bacillus thuringiensis 1 + −
Alphaproteobacteria Bradyrhizobium japonicum 5 + +

Burkholderiaceae Burkholderia cepacia 2,3 + −
Alphaproteobacteria Caulobacter sp. 5 + +

Bacteroidetes Chryseobacterium meningosepticum 5 − +

Enterobacteriaceae Citrobacter freundii 3 + −
Firmicutes Clostridium disporicum 5 + +

Firmicutes Clostridium sp. 5 + −
Firmicutes C. glycolicum 5 − +

Enterobacteriaceae Enterobacter aerogenes 2,3 + −
Enterobacteriaceae E. amnigenus 3 + −
Enterobacteriaceae E. cloacae 1,2,3 + −
Enterobacteriaceae E. gergoviae 2,3 + −
Enterobacteriaceae E. sakazakii 2 + −

(continued)
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of medical importance have been found in sand flies so could they be vectors of 
these pathogens to man and other animals?

Research on sand fly−gut bacteria is in its infancy. Bacillus thuringiensis could 
be used to control sand-fly populations (Yuval and Warburg 1989), but would this 
produce unforeseen problems? In addition, it is intriguing and challenging to see if 
the manipulation of this micro fauna influences vectorial capacity. Adler and 
Theodor (1927) suggested that bacterial competition could modulate the infections 

Table 2 (continued)

Group/family Genus/species Source long. cruzi

Enterobacteriaceae E. taylorae 3 + −
Gammaproteobacteria Erwinia billingiae 5 + −
Enterobacteriaceae. Escherichia coli 3 + −
Pseudomonadaceae Flavimonas orizihabitans 1,3 + −
Bacillaceae Geobacillus kaustophilus 4 + −
Enterobacteriaceae K. oxytoca 3 + −
Enterobacteriaceae K. ozaenae 3 + −
Enterobacteriaceae K. pneumoniae 5 + −
Firmicutes Lactobacillus zymae 5 − +

Microbacteriaceae Leifsonia xyli 4 +a −
Betaproteobacteria Leptothrix sp. 5 + −
Enterobacteriaceae Morganella morganii 3 + −
Actinobacteridae Nocardioides albus 5 + −
Enterobacteriaceae. Pantoea agglomerans 3 + −
Propionibacteriaceae Propionibacterium acnes 4,5 + −
Proteobacterium (uncultured) 4 +a −
Pseudomonadaceae Pseudomonas aeruginosa 2,3 + −
Pseudomonadaceae P. fluorescens 2 + _

Pseudomonadaceae P. putida 1,3 + −
Ralstoniaceae Ralstonia sp. 5 + +

Ralstoniaceae Ralstonia pickettii 4 + −
Enterobacteriaceae Serratia liquefaciens 3 + −
Enterobacteriaceae S. marcescens 2,3 + −
Enterobacteriaceae Serratia sp. 5 + −
Bacteroidetes Sphingobacterium daejeonense 5 + −
Firmicutes; Bacillales Staphylococcus sp. 3 + −
Firmicutes; Bacillales S. xylosus 5 − +

Streptomycetaceae Streptomyces coelicolor 4 − −
Xanthomonadaceae Stenotrophomonas maltophilia 1,2,3 + −
Veillonellaceae Veillonella sp. 4 +a −
Flavobacteriaceae Weeksella virosa 3 + −
Enterobacteriaceae Yokenella regensburgei 2 + −

Source: 1 = Oliveira et al. (2000); 2 = Pereira de Oliveira et al. (2001); 3 = Gouveia et al. (2008); 
4 = McCarthy et al. (2011); 5 = Sant’Anna et al. (2012); 6 = Sant’Anna et al. (2014)
aOnly found in males
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of leishmania in the sand fly. Over the years evidence has been growing to vindicate 
this opinion. Recent papers (Sant’Anna et al. 2014; Kelly et al. 2017) investigating 
the interaction between Leishmania and the bacterial gut fauna of experimental 
infections in Lu. longipalpis indicated that bacteria can affect the parasite’s develop-
ment positively or negatively. It appears that bacteria facilitate metacyclogenesis. 
Besides this the level of regurgitated during feeding plays an important role in the 
immunological response of the host. Their presence in the initial lesion leads to the 
recruitment of cells that facilitate the parasite’s expansion and consequently future 
pathologies (Kelly et al. 2017). When Leishmania-infected flies were treated with 
antibiotics, parasite multiplication and the development of metacyclic promasti-
gotes was reduced (Wilson et  al. 2017). However, not all bacteria are good for 
Leishmania. Sant’Anna et al. (2014) found that Serratia marcescens inhibited leish-
manial development but that Lu. longipalpis infected with Leishmania lived longer 
than those infected with just Serratia. Thus, evidence is accumulating suggesting 
that the beneficial or detrimental effect of gut bacteria on Leishmania development 
is related to the species of bacteria. In the case of infections of pathogenic bacteria, 
the sand fly is protected by the Leishmania.

The epidemiological implications of these recent findings of the pivotal impor-
tance of the intestinal microbiome are extremely important. Could the bacterial 
fauna acquired by the immature stages or the adults feeding on plants increase or 
decrease vectorial capacity? McCarthy et al. (2011) compared the microbiota of 
Lu. longipalpis captured in an urban area of Argentina with those captured in a wild 
environment in Minas Gerais. They found that the bacterial microbiota of the two 
populations was completely different. Only one bacterium was found in the urban 
flies compared with nine in the wild flies. In a set of experiments, Sant’Anna et al. 
(2014) showed that when pre-feeding laboratory-reared Lu. longipalpis with 
Asaia—or with the yeast Pseudozyma together with Asaia or Ochrobactrum inter-
medium—both diminished the midgut promastigote population. O. intermedium 
has so far only been found in laboratory Lu. longipalpis colonies.

Information of the effects of enteric bacterial entomopathogens in Brazilian sand 
flies is limited to Lu. longipalpis and Leishmania; however, it may apply to infections 
with other trypanosomatids. Sant’Anna et al. (2014) concluded that populations that 
are susceptible to Leishmania infection may survive bacterial enteric pathogens 
better than those that are resistant to leishmanial infection. This implies that 
Leishmania circulating in an enzootic or endemic environment will favour the 
expansion of a susceptible vector population.

 Fungi

Pathogenic fungi of insects belong to the order Entomophthorales, which consists of 
five families (Keller and Petrini 2005). Fungi can be a problem in colonies where 
they may form hyphal mats, in which the larvae become entangled and eventually 
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die. However, they are rarely found in wild-caught flies: The first record is that of 
Warburg (1991) who noted mycelia in the thoracic muscle of a female Pintomyia 
pia collected in Colombia. The parasite was considered to belong to the genera 
Entomophthora or Conidiobolus. The only records we could find of entomophtho-
rales in Brazilian sand flies were those of McCarthy et al. (2011). In their metage-
nomic analysis they identified Peronospora conglomerata, Cunninghamella 
bertholletiae, Mortierella verticillate and Toxicocladosporium irritans in Lu. longi-
palpis from the Lapinha cave.

 Microsporidia

For many years microsporidia were considered protozoa, but they are now accepted 
as being a sister group to the fungi. They are present in all the major animal groups 
and are common in insects. Under the light microscope, these infections appear as 
off white- to white-coloured spots. Phylogenies using ribosomal DNA indicate that 
morphology is unreliable for genus identification (Brown and Adamson 2006).

 Family Pleistophoridae Stempell, 1909

The assignment of the genera Pleistophora and Vavraia to a family is controversial. 
They have both been placed in the family Glugeidae, and Vavraia has been desig-
nated as the type species of the family Thelohaniidae. However, for the moment we 
follow Sprague et  al. (1992) who considered them both to be in the family 
Pleistophoridae. These controversial issues will undoubtedly be resolved by future 
molecular studies.

The first infection of a microsporidian in a Brazilian sand fly was registered by 
Ward and Killick-Kendrick (1974) in the midgut of a female Ps. lainsoni collected 
at km 46 of the Altamira−Itaituba section of the Transmazônica Highway. 
Subsequently (Lainson et al. 1977), two infections were found in the Malpighian 
tubules and two in the midgut of Ny. umbratilis. Those from the Malpighian tubules 
were considered to belong to the genus Pleistophora due to the morphology of the 
sporoblasts that appeared in the form of a bunch of grapes. One from the mid-gut 
was classified as belonging to the family Thelohaniidae due to schizonts with 
diplokaryon nuclei and octonucleate sporonts. The second midgut parasite was 
composed of predominantly uninucleate spores often in chains. It was tentatively 
placed in the genus Microsporidium. A Thelohania-like parasite has also been 
recorded in Ps. maripaensis (Canning 1977).

Matos et al. (2006) studied the infection of a microsporidian that they found in a 
Lu. longipalpis population close to the city of Teresina, Piaui. The infection was 
found in the subcuticular tissue of the larval and pupal abdomen and in the 
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Malpighian tubules and midgut of the adult flies. These investigators described the 
morphology and ultrastructure of the parasite, considered is to be a new species 
belonging to the genus Vavraia, and named it Vavraia lutzomyiae. This is the first 
named species of a microsporidian from a Brazilian sand fly. It seems very unlikely 
that the microsporidia recorded from Amazonian sand flies in the 1970s all belong 
to the same species.

 Protozoal Parasites

 Family Lecudinidae Mingazzini, 1891 – Aseptate Gregarines

Aseptic gregarines (Eugregarinorida, Aseptatorina and Lecudinidae) of sand flies 
were initially classified as belonging to the genus Monocystis. Later, they were 
transferred to the genus Ascocystis (Scorza & Carnevali 1981). Because this name 
was preoccupied, the genus Ascogregarina was created to replace it. However, anal-
yses of the small-subunit rRNA-gene sequences by Votypka et al. (2009) showed 
that the sand-fly gregarines are very different from those of mosquitoes, which are 
classified as Ascogregarina. Because of this Votypka et al. (2009) created the genus 
Psychodiella for the sand-fly gregarines. Thus, the valid name for the gregarines of 
Brazilian sand flies is Psychodiella chagasi.

Gregarine infections (Monocystis mackiei) were first described in 1927 (Shortt 
and Swaminath 1927) in Indian specimens of Phlebotomus argentipes. However, 
it was only in 1961 that Adler and Mayrink (1961) found similar parasites in Lu. 
longipalpis from Minas Gerais, Brazil. About 20% of Lu. longipalpis, both wild and 
laboratory-bred, were infected, and the parasite was considered a new species, 
Monocystis chagasi (Adler and Mayrink 1961). Gregarines were subsequently 
recorded in Bi. flaviscutellata (Lewis et al. 1970) Ev. Evandroi, Ev. Sallesi and Ps. 
complexus. Due to their morphological similarities to the parasite described by 
Adler and Mayrink, they were all considered to be P. chagasi.

It is debatable as to whether the aseptate gregarines infections found in the differ-
ent species of Brazilian sand flies are in fact P. chagasi. Detailed morphological 
studies of the sporocysts were not made. In addition, there is also evidence of host 
specificity. Wu and Tesh (1989) noted that P. chagasi infected large numbers of Old 
and New World sand flies, but its complete cycle only occurred in Lu. longipalpis. 
Molecular studies are needed to elucidate the specific status of the Psychodiella 
infections of different Brazilian sand flies.

The life cycle is simple. Two morphologically similar trophozoites are confined 
to a cyst. The two become gamonts that sprout and divide to produce gametocytes. 
These fuse together to form a zygote, the walls of which thicken to give rise to the 
typical sporocyst. It adheres to the surface of the egg, and the larva becomes con-
taminated when it hatches. Although infections are frequently severe and result in 
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the enlargement of accessory glands, there is no evidence yet of any effect on fertil-
ity or egg production. However, in experimental infections of P. chagasi in Lu. 
longipalpis, Wu and Tesh (1989) noted that, although fertility was not affected, 
there was a significant reduction in adult longevity.

 Family Trypanosomatidae Doflein, 1901

Finding trypanosomatids in Brazilian sand flies is mostly a by-product of leishmani-
ases epidemiological studies. A list of 66 of these infections is given in Table 3 
based on the information contained in 26 papers (Arias et al. 1985; Brazil and Ryan 
1984; de Souza et al. 2017; Ferreira et al. 2008, 2015; Freitas et al. 2002; Galati 
et al. 2006; Gil et al. 2003; Hoch et al. 1986; Lainson and Shaw 1979; Lainson et al. 
1973; Naiff et al. 1989; Pessoa et al. 2007; Rogers et al. 1988; Ryan et al. 1987a, 
1987b; Shaw 1992; Shaw and Lainson 1972; Shaw et al. 1987; Sherlock and Pessôa 
1966; Silveira et al. 1991; Souza et al. 1998; Teixeira et al. 2011; Viola et al. 2008; 
Williams and Coelho 1978; Ryan et al. 1987a). Few have been isolated and charac-
terized. Some have been listed as belonging to the genera Crithidia, Blastocrithidia, 
Strigomonas, Endotrypanum and Trypanosoma; however, this characterization 
should be viewed with reservation because in some cases it is based on morphology. 
Camargo (1999), when discussing the morphology of trypanosomatids, drew atten-
tion to the fact that it is not a reliable character to distinguish genera of trypanoso-
matids found in plants and insects.

The scarcity of knowledge about dietary preferences of sand flies makes it almost 
impossible to associate infections with trypanosome species. However, there is 
strong evidence that Brazilian sand flies are vectors of trypanosomes of mammals, 
lizards, snakes and frogs. Evidence is slowly accumulating suggesting that certain 
genera are linked to the transmission of trypanosomes of the different vertebrate 
phyla, which reflects their host preferences. Potentially there is a danger that fewer 
flagellates, other than Leishmania, will be recorded in the future because present- 
day molecular methods used to detect Leishmania do not detect trypanosomes or 
monoxenous parasites.

 Monoxenous Trypanosomatids

The first confirmed finding of a monoxenous parasite in sand flies is that of Wallace 
and Hertig (1968). Based on ultrastructural studies of the kinetoplast of a flagellate 
isolated from a Panamanian phlebotomine, Lu. sanguinaria, they considered that 
the parasite belonged to the genus Crithidia. To date there are few records of sus-
pected or confirmed monoxenous flagellates in Brazilian sand flies compared to 
with those of Leishmania.
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Table 3 Infections of Brazilian sand flies by different trypanosomatid genera

Sand fly species Parasitea State Literature source

Evandromyia edwardsi Trypanosoma sp. MG Williams and Coelho (1978)
E. evandroi Trypanosoma sp. MA Brazil and Ryan (1984)
E. evandroi Trypanosoma sp. DF Ferreira et al. (2015)
E. infraspinosa Trypanosoma sp. PA Shaw and Lainson (1972)
E. infraspinosa Trypanosoma sp. (An03) RO Gil et al. (2003), Ferreira et al. 

(2008)
E. inpai Trypanosomatidb PA Ryan et al. (1987b)
E. pinottii Trypanosoma sp. PA Ryan et al. (1987b)
E. sallesi Trypanosoma sp. MG Williams and Coelho (1978)
E. saulensis Trypanosoma sp. PA Shaw and Lainson (1972)
Lutzomyia gomezi Trypanosoma sp. RO Gil et al. (2003), Ferreira et al. (2008)
L. almerioi Strigomonas galati MS Galati et al. (2006), Teixeira et al. 

(2011)
M. cayennensis Trypanosoma sp. AM Ryan et al. (1987a)
M. micropyga Trypanosoma sp. BA Sherlock and Pessôa (1966)
M. rorotaensis T. thecodactylus PA Lainson and Shaw (1979)
M. rorotaensis Trypanosoma sp. PA Arias et al. (1985)
M. rorotaensis Trypanosoma sp. PA Arias et al. (1985)
M. rorataensis Trypanosomatidb PA Ryan et al. (1987b)
M. rorataensis Trypanosomatidb RO Souza et al.(1998)
M. rorataensis Trypanosomatidb AM Pessoa et al. (2007)
M. trinidadensis Trypanosoma sp. PA Ryan et al. (1987a, 1987b)
Migonemyia migonei Monoxenous parasite AP de Souza et al. (2017)
Nyssomyia anduzei Endotiypanum sp. PA Shaw (1992)
Ny. anduzei Endotrypanum sp.c AM Rogers et al. (1988)
N. antunes Trypanosomatidb PA Lainson and Shaw (1979)
N. antunesi Trypanosoma sp. PA Silveira et al. (1991)
N. umbratilis Endotrypanum sp.c AM Rogers et al. (1988)
N. umbratilis Trypanosomatidb PA Ryan et al. (1987a)
N. umbratilis Trypanosomatidb PA Ryan et al. (1987a)
N. umbratilis Trypanosoma? AP Freitas et al. (2002)
N. whitmani Trypanosoma sp. BA Hoch et al. (1986)
N. whitmani Blastocrithidia DF Ferreira et al. (2015)
P. damascenoi* Trypanosoma sp AM Arias et al. (1985)
P. nevesi trypanosomatidb PA Arias et al. (1985)
P. neves Trypanosomatidb AC Arias et al. (1985)
P. nevesi Trypanosomatidb RO Arias et al. (1985)
P. dendrophila Trypanosomatidb PA Lainson and Shaw (1979)
P. dendrophila Trypanosomatidb PA Ryan et al. (1987a, 1987b)
P. dendrophila Trypanosoma sp. (An03) RO Gil et al. (2003), Ferreira et al. (2008)
P. dendrophila Endotrypanum? AP Freitas et al. (2002)
P. (shannoni series) sp Endotrypanum sp.d PA Arias et al. (1985)

(continued)
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Table 3 (continued)

Sand fly species Parasitea State Literature source

P. (shannoni series) sp E.schaudinnid RO Arias et al. (1985)
P. (shannoni series) sp Endotrypanum sp. RO Arias et al. (1985)
P. (shannoni series) sp T. rangelid RO Arias et al. (1985)
P. (shannoni series) sp Trypanosomatidb AM Arias et al. (1985)
P. (shannoni series) sp Trypanosomatidb AC Arias et al. (1985)
P. bigeniculata** Endotrypanum sp.c AM Rogers et al. (1988)
P. bigeniculata** Trypanosomatidb AM Pessoa et al. (2007)
Sciopemyia fluviatalis Trypanosomatidb PA Ryan et al. (1987b)
S. servulolimae Trypanosoma sp.(An03) RO Gil et al. (2003), Ferreira et al. 

(2008)
S. sordellii*** Trypanosoma sp PA Ryan et al. (1987a)
S. sordellii*** Trypanosoma sp. PA Silveira et al. (1991)
S. sordellii Trypanosoma sp. PA de Souza et al. (2016)
S. sordellii Trypanosoma sp.(An03) RO Gil et al. (2003), Ferreira et al. 

(2008)
S. sp. Trypanosoma sp.(An03) RO Gil et al. (2003), Ferreira et al. 

(2008)
Psychodopygus 
amazonensis

Typanosomatidb PA Lainson et al. (1973)

P. amazonensis Trypanosomatidb PA Ryan et al. (1987b)
P. ayrozai Trypanosomatidb BA Hoch et al. (1986)
P. clausteri trypanosomatidb PA Ryan et al. (1987a)
P. clausteri T. freitasi AM Naiff et al. (1989)
P. “complexus” Trypanosomatidb PA Ryan et al. (1987b)
P. davisi Trypanosoma sp. PA Shaw and Lainson (1972)
P. davisi Trypanosomatidb PA Ryan et al. (1987a, 1987b)
P. davisi Trypanosoma sp. BA Hoch et al. (1986)
P. paraensis Trypanosomatidb PA Ryan et al. (1987a)
P.“wel1comei” Monoxenous parasitee PA Ryan et al. (1987a), Shaw et al. 

(1987)
Viannamyia 
tuberculata

Trypanosoma sp.f RO Viola et al. (2008)

Names that are in the original paper: *Lutzomyia spinose, **Lutzomyia shannoni, and ***Lutzomyia 
nordestina
Species names in quotes indicate the most likely identification based on males captured at the same 
time
An03 = An anuran trypanosome clade
aIdentifications are based mainly on morphology
bThe authors do not refer to genus except that it is not a Leishmania
cBased on kinetoplast DNA probes
dBased on isoenzyme analysis
eBased on the presence of choanomastigotes
fBased on V7V8 SSU rDNA the isolate was similar to snake trypanosomes
gUnpublished observation quoted in Williams and Coelho (1978)
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Flagellates that grew well in culture were found in female Psychodopygus well-
comei from Pará State (Ryan et al. 1987a; Shaw et al. 1987) and a female Migonemyia 
migonei from Amapá State (de Souza et al. 2017). They did not react with any of the 
leishmania-specific monoclonal antibodies and morphologically resembled insect 
parasites. Because of this and their morphology, they were tentatively considered to 
be Crithidia. Using primers that amplified the D7 region of the 24Sα rRNA gene 
Ferreira et al. (2015, no. 5358) identified a Blastocrithidia species in a female Ny. 
whitmani captured in a rural peri-domiciliary location of the Federal District.

During epidemiological studies of the phlebotomine fauna of forested areas of 
the Serra da Bodoquena, Mato Grosso do Sul State, Galati et al. (2006) isolated a 
flagellate from female Lu. almerioi that again did not react with any leishmania- 
specific monoclonal antibodies. This same isolate was studied by Teixeira et  al. 
(2011) in their review of the monoxenous genera Angomonas and Strigomonas. 
They concluded that it was a new species and named it Strigomonas galati together 
with its symbiont, which received the name Kinetoplastibacterium galatii. This iso-
late is the first monoxenous parasite of Brazilian sand flies to receive a specific 
name.

The negative reaction with leishmanial-specific monoclonal antibodies seen with 
parasites of the Amazonian sand flies was the same as that seen with S. galati, which 
adds weight to the conclusion that they were monoxenous flagellates. However, it is 
debatable as to whether they belonged to the genus Crithidia or to one of the 
symbiont- bearing genera such as Angomonas or Strigomonas. Such questions can 
best be answered using molecular phylogenetic markers.

Thus far, there are few records of monoxenous trypanosomatids in sand flies. 
Wallace and Hertig (1968) suggested that the parasite they found may not be spe-
cific for sand flies and could represent an accidental infection. Another possibility is 
that some monoxenous parasites of dipterans are opportunistic and infect a wide 
variety of different hosts, which would ensure their survival.

 Trypanosomes of Amphibia

The first association of sand flies with anuran trypanosomes in the Americas was that 
of Anderson and Ayala (1968) who experimentally infected M. vexator with 
Trypanosoma bufophlebotomi that had fed on California Toads (Anaxyrus boreas 
halophilus). Ferreira et al. (2008) showed that trypanosomes of Brazilian frogs and 
toads fell into three clades. Clade An01 were trypanosomes of hylids, and clades An02 
and An03 harboured trypanosomes of toads and frogs. A fourth clade, An04, was com-
posed of trypanosomes from African, European and North American anurans.

An03 appears to be a lineage confined to Amazonian nocturnal frogs and toads 
that occupy the same terrestrial habitats and aquatic breeding sites. Trypanosomes 
were identified in Evandromyia infraspinosa from Pará and Rondônia (Shaw and 
Lainson 1972; Gil et al. 2003); Psathyromyia dendrophila from Pará and Rondônia 
(Gil et al. 2003; Lainson and Shaw 1979; Ryan et al. 1987a, 1987b), Sciopemyia sp. 
(Gil et al. 2003), Sc. fluviatalis (Ryan et al. 1987b), Sc. servulolimae from Rondônia 
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(Gil et al. 2003) and Sc. sordellii from Pará and Rondônia (de Souza et al. 2016; 
Ryan et al. 1987a; Silveira et al. 1991). The anuran clade An03 was identified in the 
following species from Rondônia: Ev. infraspinosa, Ps. dendrophila, Sciopemyia 
sp., Sc. Servulolimae and Sc. sordellii. These results strongly suggest that the evan-
dromyias and sciopemyias are important vectors of anuran trypanosomes in 
Amazonia. It is difficult to know the importance of Ps. dendrophila as a vector of 
anuran trypanosomes. This species appears to be a catholic feeder and has been 
found infected with mammalian flagellates such as Endotrypanum. However, the 
Psathyromyia (Shannoni series), to which this species belongs, contains 19 species 
that are morphologically similar and can be confused. For instance, both Ps. den-
drophyla and Ps. shannoni have been recorded from the same regions, and their 
feeding habits are not well defined.

 Trypanosomes of Lizards

Christensen and Telford (1972) found a trypanosome, Trypanosoma thecadactyli, in 
a Panamanian forest gecko (Thecadactylus rapicaudus) that was experimentally 
infected M. trinidadensis. Both the lizard and sand fly are found from Mexico to 
Brazil. In the Jari river region of northern Pará, Lainson and Shaw (1979) found 
flagellates in Mi. rorotaensis that had fed on T. rapicaudus, which strongly sug-
gested that they belonged to T. thecadactyli. Sherlock sand Pessôa (1966) suggested 
that flagellates found in Mi. micropyga captured in animal holes or on tree trunks 
belonged to a lizard Leishmania. This statement seems incorrect because the para-
sites in their illustrations are like trypanosomes. The close association between sand 
flies that inhabit tree trunks and lizards suggests that they are the natural vectors of 
this reptilian trypanosome. In an analysis of three Mi. micropyga, two reacted with 
cold-blooded animal antisera (reptiles and amphibians) and one with mammalian 
antisera (Tesh et al. 1971). This adds weight to the hypothesis that M. species are the 
vectors of lizard trypanosomes in Brazil.

 Trypanosomes of Mammals

There is good circumstantial evidence suggesting that neotropical phlebotomines are 
the vectors of some T. (Megatrypanum) trypanosomes of bats and rodents. In Peru, 
Herrer (1942) observed that T. phyllotis of cricetid rodents of the genus Phyllotis 
developed in the intestine of Lu. noguchii and that specimens of this same sand fly 
collected in rodent nests were infected. In Costa Rica, Zeledon and Rosabal (1969) 
observed that the trypanosome T. leonidasdeanei of insectivorous bats developed in 
Dampfomyia vespertilionis. This phlebotomine is found in tree hollows inhabited by 
bats. Christensen and Herrer (1975) considered it as a vector suggesting, as had 
Hoare (1972), that transmission would occur by the ingestion of infected sand flies.

Naiff et al. (1989), working in Amazonas State, found a natural infection of T. 
freitasi in Psychodopygus clausteri suggesting it as its vector. This marsupial try-
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panosome is morphologically similar to T. phylloti. Previously, Professor Leonidas 
Deane (1964) had tried unsuccessfully to experimentally infect triatomines with this 
same trypanosome, adding weight to the hypothesis that these megatrypanums are 
transmitted by sand flies.

The infection by T. rangeli in sand flies of the Shannoni series from Rondônia is 
a good example of the difficulties in interpreting the exact meaning of an infection 
(Arias et al. 1985). Trypanosomes of this group are transmitted by reduviids, and 
there is no evidence that phlebotomines could be the vectors. This single record was 
based on a culture made from a fly that had consumed a residual blood meal. This 
underscores the fact that merely finding a trypanosome in any hematophagous 
insect should be interpreted with caution, especially if blood is present in the 
intestine.

 Parasites of the Genus Endotrypanum

Most of these parasites were found while searching for Leishmania infections. It is 
quite possible that some of infections attributed as being Leishmania were in fact 
Endotrypanum. The reservoirs of these parasites are principally sloths, especially 
two-toed sloths of the genus Choloepus, which is also an important reservoir of 
numerous species of Latin American Leishmania. In Pará State, of 33 Endotrypanum 
infections 16 were mixed Endotrypanum/Leishmania. However, up until now no 
mixed infections of these two parasites have been found in phlebotomines that are 
known to feed on sloths such as Ny. anduzei, Ny. umbratilis and Psathyromyia big-
eniculata (Lainson et al. 1981a; Lainson et al. 1981b). Such findings may in part be 
linked to the methods of isolation employed, which act as septic filters. For exam-
ple, if sand-fly material is inoculated into hamsters, Leishmania may be isolated, but 
Endotrypanum will not because this flagellate does not infect laboratory animals.

However, two other factors can influence mixed infections: There may be 
unknown levels of specificity of both parasites relative to the host, or one parasite 
could inhibit the development of the other (Pacheco et al. 1987). Both options are 
open to experimentation, but to date there are no theoretically reasons for believing 
that phlebotomine cannot be infected by both parasites. In practice, this observation 
has never been made, but with DNA-specific oligonucleotides and PCR techniques 
infections from primary isolates can now be examined in the search for mixed 
infections.

The first indication that Endotrypanum developed in sand flies arose from exper-
imental studies in Panama (Shaw 1964). Arias et al. (1985) found that a total of 
13.37% of sand flies of the Shannoni group collected at the base of the trees in the 
states of Acre, Amazonas (north and south of the Amazon River), Rondônia, and 
Pará had Endotrypanum infections. Their isozyme profiles showed that 6.29% of 
the isolates, all from Rondônia, belonged to 2 distinct groups. One, consisting of 
16 isolates, was considered as E. schaudinni, and the other, composed of 8 strains, 
was called Endotrypanum species. The first group was classified as E. schaudinni 
because its iso-enzymatic profile was identical to that of a sloth isolate from the Jari 
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region of Pará, except for the mobility of enzyme MPI, which was slightly faster. 
However, the 2 groups showed differences in 7 enzymatic loci. Some of the infec-
tions identified as E. schaudinni were associated with blood-meal remnants (Arias 
and Naiff personal communication).

The results of experimental infections of Brazilian phlebotomines with parasites 
identified as Endotrypanum are controversial. Shaw (1981) successfully infected 
laboratory-reared Bi. flaviscutellata, Lu. longipalpis (Marajó), and Vi. furcata fed 
on Endotrypanum-infected Choloepus didactylus sloths. The infections were like 
those described by the same investigator in 1964  in Panamanian phlebotomines. 
However, the investigator did not succeed in infecting another group of Lu. longi-
palpis from the same colony with Endotrypanum cultures. The developmental cycle 
in the pylorus region was like that of Leishmania of the subgenus L. (Viannia), but 
the invasion of Malpighian tubules was also observed, which does not occur in peri-
pylarian Leishmania. This is characteristic of other sand-fly trypanosomatids, 
excluding Leishmania, and clearly distinguishes Endotrypanum infections from 
those caused by Leishmania of the subgenus L. (Viannia), although both develop as 
promastigotes. However, others (Franco et al. 1997; Barbosa et al. 2006) failed to 
see this, but their infections were initiated with culture and not blood forms. One 
possible explanation is that parasites that tolerate or prefer acid pH levels are lost 
during cultivation in neutral or alkaline media.

Franco et al. (1997) experimentally infected laboratory-bred Ps. shannoni origi-
nating from the United States, sand Lu. longipalpis from Lapinha cave, Brazil, and 
Colombia with strains of Endotrypanum that had been isolated (Arias et al. 1985) 
from a Ps. shannoni and a two-toed sloth captured in Rondônia. Parasites isolated 
from flies of the Shannoni series infected 100% of Ps. shannoni but only 62.3% of Lu. 
longipalpis. The Colombian lineage of Lu. longipalpis was significantly less infected 
with a sloth strain than that of the Shannoni group (18.2% compared with 55.6%). 
According to the reference number of the strains, it is probable that the parasites of 
the Shannoni series and those of sloths originate in different regions of the Amazon. 
In another set of experiments, Barbosa et  al. (2006) found that L. (V.) guyanensis 
inhibited infections of Endotrypanum in a Lapinha-cave Lu. longipalpis colony.

What could be the reason for the contrasting results of the experimental infec-
tions of Lu. longipalpis with Endotrypanum cultures? In one case (Shaw 1981), no 
infections were obtained; however, in the others (Franco et al. 1997; Barbosa et al. 
2006) they were. One explanation could be in the different origins of the Lu. longi-
palpis colonies. The ones that were negative originated from Marajó, Pará, whereas 
those that were positive came from the Lapinha Cave, Minas Gerais. The Marajó 
population has a burst-type mating song and cembrine pheromone, and the Lapinha 
cave population has a pulse-type 2 mating song and a 9-methylgermacrene-B pher-
omone. They are therefore different sibling species that could have different suscep-
tibilities, which would explain the completely opposite results. What adds weight to 
this is that the positive infections were in two different laboratories but with 
Lapinha-cave Lu. longipalpis colonies. A problem with this hypothesis is that 
blood forms did infect Marajó Lu. longipalpis. Further evidence for parasite/vector 
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specificity of flagellates identified as Endotrypanum is needed to explain these con-
tradicting results.

Another complex question is the identity of parasites considered to be 
Endotrypanum. Arias et  al. (1985) appears to have been justified in placing the 
parasites for sand flies of the Shannoni series in different taxa. However, the ques-
tion is whether it was correct to use the name Endotrypanum for the group of para-
sites of that had very isoenzymatic profiles from E. schaudinni. Franco et al. (1996) 
identified 12 Endotrypanum zymodemes amongst isolates from sloths, but there 
was no association between their geographical origins. A more recent molecular 
study (Espinosa et al. 2016) confirmed high levels of genetic variability and two 
well- supported clades. Again, there was no clear geographical association with the 
clades and the geographical origin of their strains, but one was composed of strains 
from the States of Pará and Amazonas.

There is evidence that Rondônia is in a region that constitutes a biogeographic 
bridge between east and west (Patton and da Silva 1998). Thus, it is possible that 
two distinct Endotrypanum taxa could coexist in this region. It is an attractive 
hypothesis; however, it does not explain why E. schaudinni isolates of sand flies 
infected a consistently higher percentage of sand flies reaching 100% in the homol-
ogous Ps. shannoni. The taxonomic position of sand-fly infections considered to be 
Endotrypanum will only be clearer when a greater number of strains are examined 
and compared with those from mammals.

 Concluding Remarks

This review shows that Brazilian sand flies are hosts to hundreds of microorganisms 
in addition to those belonging to the different Leishmania subgenera. These insects 
clearly represent a potential meeting point for many different parasites. However, 
more studies are needed before it can be said that they are in fact vectors of these 
organisms. A crucial question is this: Can one affect the development of the other? 
Because viruses are so common in sand flies, it is questioned whether or not they 
would affect the development of trypanosomatids in the vector organism.

The variety of virus found in sand flies is astounding, and there is evidence of 
transovarian transmission. The surprising thing is that these viruses are only occa-
sionally found in vertebrate hosts. Pacui was isolated 100 times from pools of Bi. 
flaviscutellata captured in the Utinga forest near Belém (Aitken et al. 1975), and 
30% of the wild rodents studied (including two from Amapá) and 10% of the mar-
supials from the same locality were serologically positive. These findings reinforce 
the thesis that studies carried out during periods of high transmission are more 
likely to elucidate the vector/reservoir cycle.
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Methods for Capturing, Processing 
and Preserving Phlebotominae

Mauricio Luiz Vilela, Adriana Zwetsch, and Júlia dos S. Silva

 Entomological Study of Phlebotominae

The relevance of gathering knowledge associated with phlebotomine fauna is 
related to these insects’ role as the main transmitting agent for several pathogens. 
Among these pathogens, some of the most important are Leishmania spp., 
Bartonella bacilliformis and different arboviroses (Maroli et al. 2012), which affect 
human populations and that of other vertebrates; they also have a significant effect 
on public health.

Field work with phlebotomine sand flies contributes to generating data on the 
bioecology of these insects other than making viable the gathering of information, 
the identification of possible vectors, the performance of taxonomic studies, and the 
description of new species. Also important is the development of research on 
phlebotomine sand-fly bionomy, aiming to identify possible behavioral changes in 
this vector’s species and promote the implementation of more effective measures 
for control programs (WHO 2010; Brasil 2013, 2014).

The way in which field activities are carried out depends entirely on the objec-
tives envisioned for the research along with knowledge about the local fauna and 
the area to be explored. Sampling strategies preferably focus on winged adults cap-
tured with Castro manual aspirators, electric aspirators, light traps or interception 
traps (made with cloth). Other techniques—such as animal baits, carbon dioxide, 
pheromones or sticky traps—may be used. The use of emergency traps is limited to 
environments identified as potential breeding sites (Alexander 2000; Vilela et al. 
2003; Alten et al. 2015).
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Regarding their biology, female phlebotomine sand flies lay their eggs on soil 
that is rich in decomposing organic matter in terrestrial microenvironments with 
low lighting and high humidity. Natural breeding sites are hard to locate, and they 
remain unknown for most species. Finding immature forms in their natural environ-
ment is an laborious task because the size, color, means of locomotion and mimicry 
abilities hinder their identification. Among the possible breeding sites for phleboto-
mine sand flies in their natural environment include tree trunks and roots, animal 
holes, spaces on or under rocks, forest soil and the surface of fallen leaves and 
domestic surroundings, such as pigsties, hen houses, kennels and barns (Forattini 
1973). Despite contributions made in the identification of breeding sites, informa-
tion on this matter remains lacking (Feliciangeli 2004; Alencar et al. 2011; Moncaz 
et al. 2012, 2014; Sangiorgi et al. 2012; Souza et al. 2014; Vivero et al. 2015).

Due to the biology of phlebotomine sand flies, control of their immature forms 
has generally not been considered a priority (Brasil 2013, 2014). However, some 
methods are still available to obtain the larvae and pupae of this insect. One of the 
most frequent is the daily and long-term observation of substrate samples collected 
in the field in enameled containers, covered with a glass funnel, and examined until 
the possible hatching of adults. Another possible technique is the sifting and analysis 
of substrate samples through flotation in sugar solution to research larvae and pupae. 
The advantage of this method is that it preserves the larvae alive, thus making it 
possible to evaluate their development until adulthood (Vilela et  al. 2003). Yet 
another option is the Berlese-Tullgren funnel method (Lincoln and Sheals 1979), 
which is frequently used to obtain fauna samples of small arthropods. It was 
proposed by Berlese in 1905 and modified by Tullgren in 1917 (Garay 1989; 
Rodrigues 2008). This method uses a lamp on top of a funnel, into which samples 
are placed. Containers with alcohol are placed on the base of the equipment. The 
larvae then migrate, by thermic and luminous stimulation, to the bottom of the 
equipment and subsequently fall inside the containers.

Adult emergency traps are another strategy used for potential biotypes. In gen-
eral, they are used where sand flies can be captured while they are static. The traps 
are inspected at regular intervals, and sand flies are captured when they emerge. 
Depending on the type of microhabitat in question, different kinds of emergency 
traps can be employed (Casanova 2001; Moncaz et al. 2012).

A study performed in Panama used the techniques of sifting and sugar-water 
flotation for samples found on tree bases, and the technique was able to identify the 
presence of larvae from 15 different species from a variety of natural habitats 
(Hanson 1961). In another example, the use of emergency traps for adults in the 
Valley of the Mogi-Guaçu river, in São Paulo, made it possible to identify potential 
breeding sites for sand flies and resulted in the capture of 73 individuals from 3 dif-
ferent species (Casanova 2001). Research carried out in natural breeding sites in 
different microhabitats of the “terra firme” forest in the state of Amazonas (Alencar 
et al. 2011) highlighted that the sifting and sugar solution−floatation method, com-
bined with the direct examination of samples, presented the best results. The same 
technique was used in the state of Rio de Janeiro, where 42 individuals from 6 dif-
ferent species were captured (Souza et al. 2014). In Colombia, the direct examina-
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tion of soil samples, followed by the incubation of substrates and the use of 
emergency traps, allowed the identification of immature forms in 160 soil samples. 
The largest number of them was found in tabular roots and on tree bases (Vivero 
et al. 2015).

Regarding their habits, phlebotomine are insects usually observable from after-
noon to morning dusk. Due to their thin cuticle and sensitivity to macroclimate 
variations, they live sheltered in environments with low lighting and high humidity 
where the microclimate protects them against desiccation. Natural shelters might be 
dissociated from natural breeding sites by the hematophagic activity of females. 
However, in some cases, shelters can also be sites for the development of immature 
forms. Different environments— such as animal holes and nests, tree trunks or 
hollow trees, cracks and spaces between or on top of rocks, the surface of fallen 
leaves, termite mounds or holes dug in the soil—may be considered potential natural 
shelters for phlebotominae (Forattini 1973; Aguiar et al. 1985a). Despite that, it is 
important to consider that some species are adapted to home environments, which 
leads to these diptera being found both inside and on the surrounding area of 
households and in domestic animal shelters, such as hen houses, pigsties and 
cannels. In these cases, the presence of phlebotominae depends on the distance of 
these households from the forest area.

To capture phlebotomine sand flies in their natural environment, a range of meth-
ods—from the Castro manual aspirator to the use of techniques that depend on attrac-
tive features—can be implemented. These can further be combined with other methods, 
including interception (cloth) traps, light traps or traps that use animal baits.

 Capture Methods

 Manual Aspirators

In the field, phlebotominae can be collected using manual aspirators. This is the 
case when they land in surfaces, such as cloth traps, in-house walls, areas surrounding 
domiciles and animal shelters. In other situations, aspirators can also be used in 
insectaries specialized in breeding phlebotominae.

The Castro manual aspirator (Castro 1937) is made with a rubber tube connected 
to a glass, acrylic or plastic tube with fine cloth, voile or thin nylon mesh cloth placed 
between the two components used for sealing (Alexander 2000) (Fig. 1a). Plebotominae 
are aspirated and blown into the interior of a cage (collecting cage or transportation 
cage), which is also made with fine cloth, voile or thin nylon mesh and sustained by a 
stainless steel or iron cube-shaped frame (Barraud 1929). The use of an acrylic or 
plastic tube for this technique is advisable as a measure of biosecurity.

One significant change has been made to the original Castro manual aspirator: A 
small motorcycle fuel filter was adapted into the acrylic tube and attached to the 
rubber tube. This filter must be changed periodically. This adaptation avoids the 
inhalation of insect bristles, small infected soil particles, dust and residues of animal 
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Fig. 1 (a) Standard Mouth Aspirator (Model 412). (Photo credit: http://johnwhock.com/products/
aspirators/mouth-aspirators/). (b) Castro manual aspirator. (Photo credit: Maurício Vilela). (c) 
Mouth Aspirator with HEPA Filter (Model 612). (Photo credit: http://johnwhock.com/products/
aspirators/mouth-aspirators/)
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feces, which could happen due to the diversity of environments from which phle-
botominae are collected. This change minimizes potential risks to human health and 
was initially idealized in the context of an insectary specialized in phlebotomine 
breeding (Fig. 1b).

This method can be presented in other forms, such as the simple manual aspirator 
tube (model 412) and the manual aspirator with filter (model 612). The latter 
contains a 0.3-μm HEPA (high-efficiency particulate arrestance) filter attached to a 
12-inch polycarbonate tube, thus offering protection to the user (Fig. 1c) (http://
johnwhock.com/products/aspirators/mouth-aspirators/).

 Electrical Aspirators

An additional method used to capture small insects is mechanic suction equipment 
(Trips 1968). This equipment comes in some different forms, produced by a range 
of manufacturers, and it is basically composed of an acrylic tube and an electric 
motor. In this case, the aspirated phlebotominae are kept inside a small tube or 
collecting chamber, and in case other insects also get sucked in, a laboratory 
screening is performed.

One example of this method is the vacuum manual aspirator (BioQuip®), which 
is powered by an 18V battery, built with an acrylic transparent tube, and containing 
a 12.7-cm long, 5.1-cm wide caliber removable collecting chamber. It also contains 
an aluminum net on one end for air flow and a valve with a hinge on the other end. 
A supplementary lid on one of the ends avoids the escape of samples when the 
chamber is removed. The suction can be adjusted using a cloth piece on the bottom 
of the chamber to decrease damage to the captured insects (http://www.bioquip.
com/search/DispProduct.asp?pid=2820GA) (Fig. 2).

On the field, Castro or electric manual aspirators can be used for in-house cap-
ture (on the internal walls of houses) and capture in the surrounding areas of house-
holds (external walls of houses, internal or external walls of animal shelters. Capture 

Fig. 2 Heavy Duty Hand-Held DC Vac/Aspirator. (Photo credit: http://www.bioquip.com/html/
view_prodpics.asp?CatalogNum=2820GA&P=3)
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by way of Shannon traps can be performed for wooded areas (tree-trunk capture can 
employ both Shannon and Damascene traps). These traps can also be placed on 
platforms built near large trees, in which case data on the acrodendrophilic inclina-
tion of the species can be obtained (Aguiar et al. 1985b).

 Light Traps

A diversity of capture methods using traps are employed in entomologic surveil-
lance and vector-control actions. Lately, some models of automatic traps based on 
attraction by a light source and suction by small fans have been developed to assist 
in capturing small insects in field studies (Lumsden 1958; Minter 1961; Chaniots 
and Anderson 1968; Falcão 1981; Pugedo et al. 2005).

 Center for Disease Control Light Traps

The Center for Disease Control (CDC) light trap (Sudia and Chamberlain 1962) is 
used both in scientific research activities and in monitoring activities for control 
programs. Considering its original description, this standard tool is one of the most 
commonly used in capturing small diptera. The advantages of this trap are its light 
weight, easy portability, easy transportability to the field, and it’s foldable collecting 
chamber. Furthermore, this technique decreases the exposure time of professionals 
to insects in the environment.

In general, this method is a first choice for studies of phlebotomine and mos-
quito vectors. The trap is composed of an acrylic tube with an opening on the 
upper part, meant to fit a support for the aluminum protection lid. This feature 
protects the trap from wind and rain and helps with the process of insect suction. 
The motor triggers a small propeller and the light source, and it is powered by a 
6V battery or four 1.5V D-type long-duration batteries. On the bottom end of the 
trap’s body, the acrylic tube is surrounded by a cage of two attached segments: a 
fine cloth, voile or thin nylon mesh tube and a collecting chamber (a plastic con-
tainer). This chamber’s function is to store the captured insects, which were 
attracted by light and sucked into its interior, therefore allowing their transporta-
tion to the laboratory (Fig. 3a).

A modification on the CDC trap has replaced the collecting chamber of the 
original model with a new one made with a metal screen and a diameter equal to 
that of the trap’s body. A polyvinyl chloride (PVC) tube is placed around the 
collecting chamber and the fine cloth, voile or thin nylon mesh sleeve. They are 
then attached to the lid’s support, aiming to protect the trap from the rain 
(Gomes et al. 1985).
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 CDC Light Traps: HP (Hoover Pugedo) Model

This trap is a prototype created by modifying the original CDC model. It has a 
cylindrical body made with white thermoplastic material, PVC or high-resistance 
resin. The small motor that triggers the propeller and the light source is powered by 
either four D-type 1.5 V long-duration batteries or one 6 V battery. A portable cage 
is attached to the body of the trap (foldable cage or collecting foldable cage). This 
cage is made with fine cloth or voile cloth and sustained by parallel circular hoops, 
forming a retractable structure (Pugedo et al. 2005). Another cage (collecting cage 
or transportation cage)—made with fine cloth, voile or thin nylon mesh and sustained 
by a cubic stainless steel or iron structure—may be used for this trap (Barraud 1929) 
with the function of storing the phlebotominae attracted by the light source. The 

Fig. 3 (a) CDC Miniature Light Trap. (Photo credit: Maurício Vilela). (b) CDC Miniature Light 
Trap – HP model. (Photo credit: Maurício Vilela)
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choice of the type of cage employed in this method is defined according to the 
objectives of the activity (Fig. 3b).

Although attraction traps with phototropic stimulation are one of the preferred 
methods for capturing these dipteran, in the case of anthropophilic species other 
strategies will be better suited for capture, such as ones with olfactory stimulation. 
These might be used when there are ethical restrictions to the participation of 
humans in the research or when the use of light traps shows limitations.

One example of such olfactory stimulation is the use of carbon dioxide, which 
acts like a long-reach attractive and can be obtained through a compressed gas 
recipient or a bottle of dry ice suspended over the CDC trap (Kasili et al. 2009; 
Kline et  al. 2011). Another option is using octanol (C8H16O), an alcohol pro-
duced by plants and fungi that attracts certain insects through properties like 
those of pheromones. Octanol is present in human sweat and breath. Finally, a 
third possibility is to apply human synthetic BG-Mesh Lure® Kayromones 
(BGML = lactic acid, caproic acid and ammonia), a combination of non-toxic 
substances found in human skin, such as lactic acid, ammonia and fatty acids. 
These substances are found in the BG-Sentinela® trap, which is frequently used 
for monitoring culicidae.

Experimental studies carried out with Nyssomyia intermedia and Lutzomyia lon-
gipalpis showed that octanol was more effective in attracting the former, whereas 
BGML was more successful with the latter. These tests reinforce the possibility of 
using these substances as attractive features to capture certain species of 
phlebotominae (Andrade et al. 2008).

Recently, a trap that does not require the use of batteries, with a low cost and 
efficiency comparable to the CDC (Leishtrap = HP trap with colored neon bracelets), 
was developed and used to evaluate Lu. longipalpis, and Ny. whitmani. The results 
were promising (Andrade 2010).

The use of different lamps—incandescent, UV and LED with different wave-
lengths and colors—might also be an alternative for the CDC light trap. With the 
intent of raising efficiency in terms of sampling and prolonging the battery life, 
these strategies was evaluated (Bishop et al. 2004; Jenkins and Young 2010). The 
results show that cold-cathode lamps present some advantages, including their low 
cost, high durability and rare need for replacement. Some studies, in which LED 
lamps were used to attract vectors, revealed the preference of some species for 
specific light wavelengths (Bishop et al. 2004; Hoel et al. 2007). Traps with blue 
and green LED lights were compared with incandescent lights, but there were no 
significant differences between the two light wavelengths observed. Still, the trap 
with a green LED did attract more phlebotominae, indicating that this strategy 
seems to be more efficient (Silva et  al. 2015). In a study developed in Egypt, 
Phlebotomus papatasi showed a strong attraction to red light (Hoel et al. 2007). The 
data known so far only reinforces the need for more investigation aiming to identify 
the more adequate type of lamps to attract phlebotominae.

The choice of cage types varies according to the ends of the procedure being 
undertaken. For phlebotominae meant for taxonomy, it is common to use cages with 
two attached segments: a fine cloth, voile or thin nylon mesh tube and a collecting 
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chamber (plastic container). Alternatively, portable cages (foldable cage or collect-
ing foldable cage) can be used. These are also made with fine cloth or voile and 
sustained by parallel circular hoops, forming a retractable structure (Pugedo et al. 
2005). To store the insects in an insectary, a collecting cage or a transporting cage 
are used. These are made in fine cloth, voile or thin nylon mesh and sustained by a 
stainless steel or iron structure (Barraud 1929) (Fig. 4).

Light traps are used in houses to assess the frequency and degree of adaptation 
of certain species to the environment of human residences—both to the inside of 
houses and areas close to domestic animal shelters. In areas near woods or forests, 
the presence of wild species is observable. In these areas, it is possible to identify 
species with acrodendrophilic habits by putting light traps in tree tops (Aguiar et al. 
1985b). Areas destined for monoculture are also likely environments to find 
phlebotominae.

Cleaning and maintaining the light traps after capture activities is crucial to keep 
the equipment in proper conditions and to avoid cross-contamination. Acrylic or 
PVC parts should be cleaned using a moist towel with the neutral detergent solution 
used in laboratories (with 1% concentration). Attention should be paid not to dam-
age the motor, the lamp support, the batteries or the battery terminal (Souza per-
sonal communication, 1998). It is also key to certify that the battery contacts are not 
oxidized; in case they are, it is recommended to use an iron sponge for maintenance. 
The battery contacts and the trap’s motor should not get wet. Traps should be kept 
in a dry, sheltered place, disassembled and have usage instructions that are visible 

Fig. 4 Collecting cage or a transporting cage for phlebotomine sand flies. (Photo credit: Maurício 
Vilela)
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to future users. Any specific maintenance, such as changing lamps or pieces, should 
be required and done before field excursions.

Another indispensable activity is cleaning light-trap cages that have been used in 
fieldwork. This should be done immediately after the end of capture activities to 
avoid cross-contamination in further uses, which could lead to the presence of phle-
botominae of one geographic area being attributed to another. The washing of cages 
is done by soaking them in neutral 1% or 5% detergent solution overnight and rins-
ing it in running water. The final step is drying. According to technical recommen-
dations, cages used in insectaries can also be soaked overnight with a 1% or 10% 
sodium hypochlorite solution (Souza personal communication, 1997).

 New Jersey Traps

The New Jersey light trap (Mulhern 1934) uses a fan for phlebotomine suction, 
leading them to a funnel with a piece of mesh adapted to the size of the insect, and 
further leading them to a killing bottle. In case the specimens need to be kept alive, 
the flask is replaced by a cage. The initial function idealized for this trap was the 
capture of mosquitoes. Nonetheless, this has been one of the most frequently used 
pieces of equipment for phlebotomine capture. This trap can be placed at ground 
level or over it and, for it to be more efficient, it can be set next to phlebotomine 
shelters or breeding sites (Alten et al. 2015).

 Interception Traps

 Shannon Trap

The Shannon trap is made with a rectangular cotton cloth structure, with two identi-
cal lateral surfaces, measuring approximately 1.6 × 2.5 × 1.6 m. Its assembling for 
the field can be done in the surroundings of the domestic environment or in the 
woods by using four pieces of rope tied to the top end of the trap. The ropes should 
then be tied to trees or wooden pieces so that the trap can be completely extended 
(Fig. 5) (Shannon 1939). Inside the trap, a light source or an animal is placed as bait 
for phlebotominae. For the animal model, the most commonly used animal is the 
Mesocricetus auratus hamster.

Phlebotominae landed on internal and external walls of the trap are captured with 
a Castro manual aspirator and/or an electric aspirator. Later, they are put in cages or 
in polypropylene tubes. The choice of the type of deposit for phlebotominae (cage 
or tube) will vary according to the aim of the capture.

The Shannon trap can help gather data on the species of phlebotominae attracted 
by light source, animal baits, or even anthropophilic species that might be drawn by 
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the human individual collecting the samples. An additional interesting aspect of this 
method is the possibility of establishing a correlation between the captured species 
and their frequency schedules (Aguiar et al. 1985a, 1985b, 1985c).

 Damasceno Trap

Among the strategies deployed for capturing phlebotominae in their natural envi-
ronment, this has been the most frequent one. The Damasceno trap is built with a 
cotton cloth structure, open on one of its sides and suspended over a place identified 
as a possible natural shelter of phlebotominae. One professional must stand in the 
internal part of the trap with a Castro aspirator and/or an electric aspirator and a 
lantern to light the place to be investigated. The professional should be careful to 
surround an area as large as possible with the trap. Outside of the trap, another 
member of the team assists by keeping the cloth structure extended. In this setting, 
the professional standing inside the trap will slowly unblock the entrance of the 
biotype (e.g. with the use of a stick). This will allow the phlebotomine sand flies to 
leave the inside of the trap and land on the internal wall of the trap where they will 
be captured (Aguiar and Vilela 1987). The lantern is not only good for lighting; it 
also serves as a disturbance to insects, provoking them to will move up and down 
the walls of the trap and thus be captured more easily (Fig. 6).

One other type of trap used in the same situations in made with polyethylene funnels 
of different sizes, which are attached to a tube with a cork and placed over animal holes. 
This strategy is primarily used to capture adult phlebotominae.

Fig. 5 Shannon trap. (Photo credit: Margarete Afonso)
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Fig. 6 Damasceno trap. (Photo credit: Margarete Afonso)

 Malaise Trap

The Malaise trap (Townes 1962) was developed to capture insects during flight, and 
it consists of a nylon structure, similar to a tent, held by trees or bushes that are 
along likely flight routes for insects. When they enter the trap, insects are led by the 
inclined roof to two plastic or transparent glass cylinders in each end of the structure. 
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These cylinders contain a fixating agent, such as ethyl acetate, carbon tetrachloride 
or potassium cyanide. The Malaise trap and its varietals are not a preferred equipment 
for phlebotomine specialists (Young and Duncan 1994). Few tests have been 
conducted using this trap, and the results obtained were unsatisfactory (Alexander 
et al. 2001; Andrade-Filho et al. 2008; Shimabukuro et al. 2016).

 Sticky Traps

Sticky traps are another example of phlebotomine capture by interception. They 
are made of standard white sheets or paper or cards that are embedded in castor oil. 
Their use is advisable in environments close to natural shelters, during the night, 
for two or three consecutive nights. The number of sheets used for each sampling 
must be constant (Alten et al. 2015). For this method to show significant quantita-
tive results, one of the sides of the sheet, or both sides, must be completely exposed. 
In Brazil, in the context of control activities for AVL, the standard of use estab-
lished was five sheets of legal size II or A4 sulfite paper (Brasil 2014). This is a 
low-cost strategy for phlebotomine capture, and it is easy to produce on a large 
scale (Alten et al. 2015). However, due to the castor oil’s viscosity, this technique 
is inefficient for environments with high relative air humidity (Young and 
Duncan  1994).

 Traps with Animal Baits

 Disney Trap

The Disney trap (Disney 1966) was developed to capture phlebotominae with zoo-
philic behavior, as well as low-flight species, using animal baits. The trap is com-
posed of a flat surface—in general, an aluminum, zinc or stainless-steel tray—with 
an opening in the center where a cage with the animal bait (hamster) is placed. This 
cage is sustained by a smaller tray placed under it, and the surrounding area is 
embedded in castor oil. In general, this trap is placed on the ground. To avoid ant 
attacks, it is advisable to place the trap over four wooden stumps or branches, which 
are also embedded in castor oil. The insects, attracted by the animal bait, become 
jumpy and stick to the oil-covered surface. Furthermore, they can be easily removed 
with a brush. It is important to highlight that all the equipment can be covered with 
the same material of the trap, plastic or similar, to protect it from excessive exposure 
to sunlight or rain.

One relevant change was made to the Disney trap by Thatcher (1968), by using 
two trays simultaneously—one on top and another one under the trap. The bait is 
placed on the upper tray. The castor oil can be used for either one or both trays.

Dorval et al. (2007) also implemented a change to the original model of this trap, 
aiming to increase security and well-being of the animal bait (hamster) and avoid 
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the trap being damaged by predators. The animal trap was assembled between two 
pieces of galvanized zinc that had been sprayed with castor oil so they could slide 
and be removed with minimum effort. This facilitates the cleaning and identification 
of the phlebotominae captured. The corners of the cage, the roof and the bottom are 
made of stainless steel, and the legs are removable to facilitate assembly. The ani-
mal baits were stored in plastic boxes, 30cm above the ground, individually covered 
with iron mesh, appropriately sized per the ILAR (Institute of Laboratory Animal 
Resources) (ILAR 1996) population-density regulations, and placed on wooden 
beds. These innovations allowed the animal bait to drink water and eat during the 
entire capture procedure. In addition, these traps offer greater levels of protection 
and hygiene by avoiding excrements fall on the zinc pieces, which could damage the 
captured phlebotomine sample (Fig. 7).

In captures performed with the Disney trap, it is prudent to wash the insects in a 
solution of type II water and neutral (commercial) soap to remove the castor oil used 
on the surface of the trap. Importantly, the use of an animal bait (hamster) requires 
previous authorization from the Ethics Commission on Animal Use, which is respon-
sible for analyzing and assessing experiment protocols for research using animals. 
Other authorizations are also necessary to develop research with animal baits.

 Processing Methods

 Phlebotomine Transportation

This procedure starts as soon as field activities are completed and ends in the labora-
tory. To transport phlebotominae, some of the materials used include polypropylene 
flasks or similar containers, black or dark plastic bags, Styrofoam boxes or isother-
mal transportation boxes, paper, pencil, labels and 70% alcohol solution.

When the capture method includes the use of light traps, the sample will contain 
not only phlebotominae but other arthropods. The material captured can be 
anesthetized and killed on the field before transportation or in the laboratory. The 
following step will be the screening of the material.

Fig. 7 Disney trap. (Photo credit: Dorval MEC et al. 2007)
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The transportation of live insects aimed at maintaining an insectary is done using 
cages (collecting cages or transportation cages) made of fine cloth, voile or thin 
nylon mesh and sustained by a cube-shaped stainless steel or iron structure (Barraud 
1929) (Fig. 4). The cages are stored in a chilled Styrofoam box with moist flannel 
pieces to maintain the humidity and temperature for transportation (Rangel et al. 
1985). The cage used in the field for phlebotomine transportation is surrounded by 
a dark plastic bag and placed inside a labelled Styrofoam box. It is worth mention-
ing that all the material captured should be transported to the laboratory respecting 
the rules of transportation of biologic material currently in place. No disposals 
should be made on the field.

 Phlebotomine Anesthesia and Killing Through Cooling

Anesthesia and euthanasia are techniques in which the adult phlebotomine is killed 
by going through a period of anesthesia through cooling. This procedure can be 
performed on the field (in Styrofoam boxes or in isothermal boxes with recyclable 
ice) or in the laboratory (with equipment such as a refrigerator with a freezer).

After capture, phlebotomine sand flies are removed from the cage with the help 
of a Castro manual aspirator or an electric aspirator that has its extremity closed 
with a piece of cotton. Alternatively, phlebotominae can be kept inside the cage and 
brought along with the rest of the material from the field. Both the aspirator and the 
cage must be wrapped with a black or dark plastic bag to avoid, which goes through 
the structure of the cooling units and compromises the quality of the phlebotominae. 
The procedure of anesthesia and killing is carried out by inserting the aspirator or 
the cage, wrapped in a plastic bag, inside the Styrofoam or isothermal box (in the 
field)—which should contain recycled ice—and maintaining it for 30–40 min under 
those conditions. The material can also be kept inside a freezer for 5–10 min.

 Screening of Adult Phlebotominae

The screening of phlebotominae is the technique through which adults are separated 
from other insects (Forattini 1973; Vilela, Rangel and Lainson 2003). For this pro-
cedure, it is mandatory to use personal protective equipment (PPE), such as coats, 
nitrile or latex gloves and PFF2 masks with a frontal breathing valve.

The necessary material for this procedure includes the following: absorbent 
paper, lining paper for the stand or any type of white paper, a polypropylene 
transparent tray or similar, a petri dish, watchmaker tweezers, a brush and/or stylet 
(made with insulin syringes or similar), a polypropylene tube or similar, a manual 
magnifying glass or a stereoscopic microscope, and type II water and 70% alcohol 
solution (ASTM 1991).
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 Dry Screening

In this method, all the insects collected in the cage, propylene tube or Castro manual 
aspirator are slowly placed on a surface covered with white paper. This paper sheet 
can be accommodated on a polypropylene transparent tray, which will help to better 
confine the insects during the screening. The screening of phlebotominae and their 
separation from other insects by their phenotypic characteristics is done with the 
help of watchmaker tweezers, a brush and/or stylet lightly moistened with type II 
water or 70% alcohol solution. A manual magnifying glass or a stereoscopic micro-
scope are also needed. By the end of the screening, the other insects are disposed of 
in accordance with the biosecurity guidelines for biologic material or material used 
for scientific collection (Brasil 2010).

It is usually suggested that the screening procedure is carried out by two profes-
sionals in order to have a proper revision of the material analyzed. By the end of 
each analysis, phlebotominae should be transferred from the paper sheet to a poly-
propylene tube that has been labelled on the inside with the information of the 
capture written in pencil. This tube may contain a 70% alcohol solution depending 
on the objectives of the study.

 Wet Screening

This is the most commonly used screening method for phlebotominae. The speci-
mens contained in the cage, polypropylene tube or Castro manual aspirator are slowly 
placed onto a polypropylene tray covered with a sheet of white sheet. After all the 
insects are on the paper sheet, they are then poured into a polypropylene tube with a 
70% alcohol solution (when the screening is not immediate) or into a petri dish with 
70% alcohol solution ( when the screening is immediate). From then onward, the 
procedure is the same as the one for dry screening (Barreto and Coutinho, 1940).

 Clarification and Diaphanization

 Clarification and Diaphanization for Routine Diagnostics

These are procedures entirely performed in the laboratory using a chapel for the 
exhaust gases (collective protection equipment [CPE]). The material employed in 
this technique includes cell-culture plate in different sizes and numbers – 6-, 24- or 
96-well style (made out of insulin syringes or similar), disposable Pasteur pipettes 
(5 or 10 ml or similar), absorbent paper, paper for lining the stand, a glass funnel, a 
paper funnel and a timer. The solutions and chemical substances used in this method 
are: 10% potassium hydroxide (KOH 10%), type II water (ASTM 1991), acetic acid 
P.A. and lactophenol solution (Barreto and Coutinho 1940).

Each identified polypropylene tube containing samples from the capture proce-
dure is placed on the board and inside the first well. The label of the tube should be 
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transferred to the board’s lid to guarantee that the samples can be identified and 
traced back afterward. The phlebotominae are slowly transferred to the well with 
the help of a stylet. The choice of board type for this procedure depends on the 
amount of phlebotominae to be processed.

The first well should receive the initial sample, whether it is dry or wet, and the 
process of clarification and diaphanization is initiated from the second well onward.

Step 1: KOH 10% is poured into the well with the phlebotominae, submerging them 
for 3 h. This step promotes the softening of the chitin.

Step 2: The phlebotominae are transferred, with the help of a stylet, to another well 
containing acetic acid P.A. They soak for approximately 20 min. This is the step 
to neutralize the potassium KOH.

Step 3: The phlebotominae are transferred to the well containing type II water and 
remain there for 20 min for cleaning purposes.

Step 4: Finally, the insects are transferred to a lactophenol solution and are kept 
there for 24 h to finalize the diaphanization process.

After this period, the material is ready for the next phase, the preparation of the 
slides.

Phlebotominae may remain in the lactophenol solution for prolonged periods of 
time without any damage to their quality. Nevertheless, this will make the insects 
lighter, and their structures will likely become excessively transparent, which leads 
to difficulties in diagnosis. In that sense, it is important to carefully evaluate the time 
the sample will remain on the solution, especially considering that some species of 
phlebotominae already have a lighter color.

For disposal, chemical substances are transferred to plastic bottles (labelled can-
isters) using Pasteur pipettes. Lactophenol solution is the only substance or solution 
involved in this process that can be reused for up to 5 years. To keep this material, it 
must be filtered into a labelled amber flask using glass and paper funnels. This is a 
fast and efficient process that allows the reuse of the lactophenol solution, although 
only for temporary collection. The slides prepared in lactophenol are meant for 
temporary analyses. Due to that fact, these slides can be maintained for a period of 
2–3 years. This procedure should not be applied to slides meant for permanent sci-
entific collection.

 Clarification and Diaphanization for Scientific Collection

Proposed by Forattini (1973), the preparation of phlebotominae for scientific refer-
ence was modified by Galati (1990) and revised by the team of the Laboratory of 
National Reference in Entomologic Vigilance, Taxonomy and Ecology of 
Leishmaniosis Vectors at the Oswaldo Cruz Institute/FIOCRUZ. This revision was 
related to adjustments in biosecurity (Brasil 2010).

This procedure is performed in the laboratory using a in a chapel for the exhaust 
gases. The use of CPE and appropriate PPE (coat and nitrile gloves) is manda-
tory (Brasil 2010). The material used in this process is the same as that described in 
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the previous item with the addition of small glass petri dishes replacing the board of 
wells. The chemical solutions used for this procedure are KOH 15%; 10% acetic 
acid; 70%, 80% and 95% alcohol; 1% acid fuchsin and the products absolute ethyl 
alcohol P.A., liquid phenol P.A. and eugenol P.A.

Steps:

Step 1: The phlebotominae stay immersed in phenol for 24 h (optional step).
Step 2: The phlebotominae are transferred to 15% KOH for 12 h.
Step 3: The insects are further transferred to 10% acetic alcohol (quick wash). If 

necessary, acetic acid P.A. and 1% fuchsine solution are added for coloring.
Step 4: The phlebotominae are immersed for 10 min in 70% alcohol solution.
Step 5: The phlebotominae are immersed for 10 min in 80% alcohol solution.
Step 6: The phlebotominae are immersed for 10 min in 95% alcohol solution.
Step 7: The phlebotominae are immersed for 10 min in absolute alcohol.
Step 8: The phlebotominae are immersed in eugenol for at least 3 h. The phleboto-

minae can remain submerged in eugenol for long periods of time without com-
promising their quality or the procedure. After this step, the material is ready for 
the subsequent phase, preparing the slide for scientific collection.

 Preparing the Slide

 Slide Preparation for Routine Diagnosis

This procedure is performed in a laboratory using a chapel, for the exhaust gases, 
with a stereoscopic microscope within it and CPE. It is also mandatory to use PPE 
during the entire procedure (Brasil 2010).

For this phase, the necessary materials include trays in medium-density fiber-
board or medium-intensity wooden fiberboard that can carry 24 slides, a disposable 
Pasteur pipette (5–10 mL or similar), a stylet (made with insulin syringes or similar), 
absorbent paper, lining paper for the stand, labels, slides and coverslips and Berlese 
solution (Barreto and Coutinho 1940). A small dose of Berlese solution is poured 
into a 10-mL dropper bottle and identified. This recipient should be used in the 
preparation phase to guarantee the quality of the product and of the technique.

Each processed well (sample) is identified with a label on the lid of its board. 
New labels with the exact same identification are made and glued to the tray on 
which slides are placed after being prepared.

The inside of the chapel for the exhaust gases (CPE) is covered with the lining 
paper, and the preparation is carried out with a stereoscopic microscope. A small 
drop of Berlese solution is put under the slide, followed by the slow displacement 
(using a stylet) of a phlebotomine individual. The male specimen can be prepared 
without any cuts and in a lateral position or with the head cut and in dorsal view 
(with the eyes turned upward). Traditionally, the head is placed on the left side of 
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the slide and the thorax-abdomen on the right side. For the female specimen, the 
head is cut and placed in a ventral position, the thorax is laterally exposed, and the 
abdomen is put in aligned ventral position. It is recommended that the preparation 
of the female structures is presented in a triangle, instead of in line, which facilitates 
viewing during the identification process. Traditionally the head of the female is 
placed on the left side of the slide, the thorax in the middle and the abdomen on the 
right side. After the material is positioned, it should be covered with a coverslip.

Because the phlebotomine is a small insect, the coverslip is not used in its com-
mercial size (24 × 32 mm among other sizes available on the market). Instead, the 
coverslip is always divided into four pieces using a disposable 0.1-mm dental drill 
with a diamond coating. This tool is inserted into a needleless insulin syringe. The 
procedure is done using protection glasses and nitrile gloves, on an MDF tray or on 
a piece of wooden fiber board, using a ruler.

The prepared slides remain under a drying process on the trays for approximately 
24 h. After this period, the material is ready for taxonomic identification. If there is 
interest in keeping the slide for collection purposes, it is advisable to use commercial 
clear polish to seal the coverslip with the slide on the sides. This process is called 
“caulking,” and it stops the passage of liquids or air onto the slides. For slides that 
will not be kept for collection, there is no need to do this procedure, and they can be 
disposed of. However, it is recommended to reuse the slides. To do so, they must be 
soaked overnight in 5% laboratory detergent and then washed under running water 
with 1% laboratory detergent.

 Preparation of a Slide for Scientific Collection

Originally proposed by Forattini (1973) and modified by Galati (1990), this proce-
dure consists of the preparation of a slide for a permanent collection. It was revised 
by the team of the Laboratory of National Reference in Entomologic Vigilance, 
Taxonomy and Ecology of Leishmaniosis Vectors at the Oswaldo Cruz Institute/
FIOCRUZ aiming to make adjustments in terms of biosecurity (Brasil 2010).

The procedure is performed in a laboratory using a chapel for the exhaust gases 
(CPE) having a stereoscopic microscope within it. The use of PPE (coat, nitrile 
gloves and PFF2 masks with frontal breathing valves) is mandatory throughout the 
procedure (Brasil 2010).

The material used for this procedure is the same as described previously, except 
for the coverslip, which is round in this case. This is done because this material is 
assembled for collection. The chemical substance used for preparation in this 
procedure is a solution of Canada balsam (natural or synthetic) + xylene (Brasil 
2003). The preparation is undertaken between the slide and the coverslip with a 
small drop of Canada balsam plus xylene or Enecê solution.
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 Phlebotomine Preservation

This is a procedure done in a laboratory, in which adult phlebotominae are main-
tained for the screening and diaphanization and clarification procedures. It is also 
applicable for the period before screening. For this procedure, the use of PPE—coat 
and nitrile gloves—is mandatory.

The preservation of phlebotominae on a dry environment is adequate for short 
periods of time (i.e. ≤3 days). It is done by keeping the insects in the polypropylene 
tube in a laboratory at a room temperature of 22°C ± 2°C. The bottles with many 
insects deserve special attention because they may decompose faster. In this case, 
the deadline for maintenance is lowered to a few hours or a day.

In the method for phlebotomine preservation in dry environments, it is possible 
to extend the period of maintenance by adding silica to the tube with the insects and 
keeping them in laboratory at room temperature (approximately 22°C  ±  2°C). 
There is still an option of preservation in low temperatures where the polypropyl-
ene tubes containing the phlebotominae are stored in a refrigerator with a freezer or 
in liquid nitrogen.

The preservation of phlebotominae in humid environments (in a 70% alcohol 
solution) is the most usual method for this purpose. In it, properly identified 
polypropylene flasks are filled with a 70% alcohol solution so the phlebotominae 
can be maintained in a laboratory at room temperature (approximately 22°C ± 2°C) 
for longer periods of time. To keep them for periods >2 months, it is necessary to 
change the alcohol in the flask. Flasks with many phlebotominae (at >40% capacity) 
need a monthly change of the alcohol solution (Barreto and Coutinho 1940).

 PPE

Just as in activities performed inside a laboratory, in field activities it is essential to 
use PPE. In that sense, it is relevant to highlight that the clothes used by capturers 
must be adequate and safe to decrease, at the most, the area of exposure to phleboto-
minae and/or other arthropod vectors. The use of gaiters to avoid snake and domes-
tic animal bites, raincoats, gloves and hats—along with hand and/or head 
lanterns—are crucial elements for fieldwork security. Another point to be consid-
ered is to be current with immunization, paying special attention to vaccines against 
hepatitis A and B, yellow fever, DTP (diphtheria, tetanus and pertussis), rabies and 
other vaccines specifically recommended for the area where activities will be per-
formed (Brasil 2010).

Notes made on the field records, aimed at evaluating the environmental condi-
tions found during the capture, consist of fundamental data for future analyses. 
These documents may present the location of the capture; geographical coordinates 
and information on altitude obtained through a Global Positioning System (GPS); 
date and starting and finishing times of capture; temperature; humidity as measured 
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by a hygrometer; and information on whether or not it was raining or not, wind 
speed and lunar phase. It is also important to write down the method of capture 
employed and the names of the professionals responsible for the activity. These 
documents still reserve a space for comments where professionals are free to regis-
ter any relevant additional information. It is advisable that the fieldwork records are 
filled out with a pencil to avoid the loss of information in the event of exposure to 
water and/or alcohol during any step of the work. The cages used on the field must 
have their information (place of usage, method and date) registered in pencil on a 
label. The same is true for material that is stored in tubes.

 Concluding Notes

It is important to highlight that the choice of appropriate methodology to capture 
phlebotomine sand flies is directly related to the objectives envisioned for the study 
in question. The successful development of fieldwork depends on a range of 
factors—such as the organization, logistics and choice of adequate equipment for 
the activities to be performed—to be managed by the professionals involved, Still, 
natural aspects may have significant influence, thus hindering the possibility to 
attain the final results expected for the research. Within the scope of epidemiologic 
surveillance of phlebotominae and considering the current context of potential 
global climatic changes, it is reasonable to consider that this might interfere with the 
biocenosis of these vectors. Therefore, this might result in changes in behavior, 
distribution, abundance, frequency and seasonality of each species. However, 
despite of these possible issues, the data obtained in fieldwork can help support 
more effective planning for control strategies other than providing further knowl-
edge on the bioecology of these diptera and their natural environment.
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 Epidemiological Status

 Introduction

In Brazil, leishmaniasis are zoonotic and vector-borne diseases, and they are a chal-
lenge to control programs due to the clinical complexity and diversity of Leishmania 
species, the vectors, and the domestic and wild reservoirs involved in different 
transmission cycles (Desjeux 2004; World Health Organization [WHO] 2010). The 
presence of this disease is associated with poverty, and the social, economic, envi-
ronmental, and climatic determinants have a direct influence on leishmaniasis epi-
demiology (Alvar 2006; Franke 2002; Maia-Elkhoury 2016).

In 2012, the WHO developed guidelines for a group of 10 neglected tropical 
diseases (NTDs), including leishmaniasis, and in the same year the London 
Declaration reinforced the commitment to support this initiative by focusing on the 
control and elimination of NTDs. In 2016, this agreement was ratified by the 
Member States through the CD55.R09 Resolution. Despite technical and scientific 
advances, the proposed measures for leishmaniasis control are concentrated on the 
detection and treatment of human cases along with the use of new alternatives, 
which—at times—must be combined with other control and surveillance preventive 
measures based on the characteristics and clinical−epidemiological profile of the 
disease in the Americas (WHO 2012; London Declaration 2012; PAHO 2016; 
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Gramiccia and Gradoni 2005; de Vlas 2016). Nevertheless, the challenge of control-
ling these diseases persists because no tools are available to decrease and effectively 
manage transmission by vectors.

Notification and analysis of consolidated data and epidemiological indicators, 
spatially disaggregated at the lowest geographical level, have shown their impor-
tance in the identification of leishmaniasis-priority areas and in the guidance of 
surveillance and control actions by contributing to a better technical, operative and 
financial management (Brazil 2006, 2007; Belo 2013; PAHO 2016).

The authors agree with the taxonomic proposal by Galati (2003) for American 
phlebotominae and its use in scientific literature. However, because this chapter is 
mainly for technical agents of the programs of control, in addition to the interested 
researchers and students, we retained the binomial names given by Young and 
Duncan (1994). The broader use of the genus Lutzomyia is still the regular denomi-
nation among programmatic field-based activities. Thus, to introduce new genus 
here could introduce doubts about the actual identity of the species. Once the tax-
onomy by Galati is more generalized among the technicians, it could be made 
uniform.

 Tegumentary Leishmaniasis

Tegumentary leishmaniasis (TL) is distributed over the 27 federative units of Brazil 
and presented an average of 21,089 cases from 2010 to 2014. A total of 20,296 cases 
were reported in 2014 with an incidence rate of 10 cases/100,000 population. The 
North region registered 51.1% of cases (10,387) followed by the Northeast (4696) 
and Central West (3038) regions. The incidence rate in the North region was 6 times 
higher (60.3 cases/100,000 population) than the average incidence in the country; 
however, states such as Acre, Amapá, and Roraima presented the following inci-
dence rates: 130.4, 127.6, and 93.2 cases/100,000 population, respectively (Brazil 
2016).

From the total, 74% of the cases occurred in males and 7.5% in children younger 
than 10 years of age, and 4.9% of the reported cases were mucosal leishmaniasis. 
The spatial analysis of the data, at a municipality level, shows the wide distribution 
of this disease in the country and displays the case-occurrence areas, which are 
stratified into five categories: low, moderate, high, intense, and very intense record 
of cases (Fig. 1a).

Brazil is bordered by 10 countries of South America, and 11 federative units of 
the 27 share borders with 9 countries. Twenty percent of the TL autochthonous 
cases were registered in 181 border municipalities (Fig. 1b and Table 1).

In the Americas, among the 15 circulating Leishmania species that present as 
cutaneous, mucosal, and mucocutaneous forms, 7 are present in Brazil. The main 
species are Leishmania braziliensis, L. guyanensis, and L. amazonensis. The 
remaining identified species are L. lainsoni, L. naiffi, L. shawi, and L. lindenbergi.

A. N. S. Maia-Elkhoury et al.
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Fig. 1 (a) Cases of TL cases by municipality, Brazil, 2014. (b) Cases of TL by border municipal-
ity, Brazil, and border countries, 2014. (Source: SisLeish-PAHO/WHO: Data reported by National 
Leishmaniasis Surveillance Programs/Surveillance Services)

Leishmaniasis-Vector Surveillance and Control in Brazil: A Challenge to Control…
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Fig. 1 (continued)

A. N. S. Maia-Elkhoury et al.
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Regarding TL vectors, the most important identified species in Brazil are Lu. 
(nyssomyia) intermedia Lutzomyia, Lu. (Ny.) whitmani, Lu. (migonemyia) migonei, 
Lu. (Ny.) flaviscutellata, Lu. (pintomyia) fischeri and Lu. (Ny.) neivai. Data available 
by the entomology state service show the vector distribution by species and federa-
tive units (Fig. 2).

 Visceral Leishmaniasis

During the period of 2010–2014, Brazil recorded an annual average of 3450 cases 
of visceral leishmaniasis (VL) and is listed among the 6 countries with 90% of 
global case occurrence, which corresponds to approximately 95% of the cases in the 
Americas (Alvar 2012; PAHO 2016). VL is currently under geographic expansion: 
It is present in 21 federative units from 5 Brazilian regions. In 2014, 3453 new VL 
cases were recorded, and 58.8% were from the Northeast region of the country fol-
lowed by the Southeast (13.2%) and North (11.7%) regions. Maranhão, Ceará, 
Bahia and Minas Gerais together have reported 50.7% (1753) of the cases in Brazil 
(Brazil 2017).

Fig. 2 Distribution according to presence of TL vector by federative unit, Brazil, 2014. (Source: 
PAHO/WHO: Data reported by National Leishmaniasis Surveillance Programs/Surveillance 
Services)

A. N. S. Maia-Elkhoury et al.
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From the total, 42.6% of cases occurred in children younger than 10 years of age, 
64.9% in males, with a fatality rate of 6.9%. L. infantum/HIV coinfection occurred 
in 6.8% of cases showing growth during the last decades due to expansion, VL 
urbanization, and concurrent movement of the HIV/AIDS infection to rural areas 
(Maia-Elkhoury 2008; Lindoso et al. 2014).

In the late 1990s, 85% of VL cases were concentrated in the Northeast region of 
the country; however, due to geographic expansion and VL urbanization in the 
Brazilian South Central states, the disease reached Paraguay and subsequently 
Argentina (Oliveira et al. 2006; Canese 1998; Cousiño 2006; Maia-Elkhoury 2008; 
Salomón and Orellano 2005; Mestre and Fontes 2007; Salomón et  al. 2008). In 
2010, the presence of Lu. longipalpis was detected in two states from Uruguay, at 
the border with Argentina and Brazil; and in 2015 and 2016 the first two autochtho-
nous cases of canine VL were confirmed at the border municipalities with Argentina 
and Brazil, respectively (Salomón et al. 2011; Satragno et al. 2017).

In Brazil, VL is caused by Leishmania infantum, which is the only circulating 
specie in the Americas, and is transmitted by two phlebotomine species, Lu. longi-
palpis and Lu. cruzi. Lu. longipalpis has a wide geographic distribution and is pres-
ent in nearly 100% of the municipalities with VL transmission; nevertheless, 
entomology studies conducted in Brazil and Argentina have shown the presence of 
only other species of TL-transmitting plebotomines in some areas with autochtho-
nous VL transmission (Salomón et al. 2010; Carvalho et al. 2010; Galvis-Ovallos 
2017).

The wide geographic dispersion of Lu. longipalpis within Brazilian municipali-
ties and bordering countries has been observed since 2000 because it has accompa-
nied the occurrence of human and canine VL cases (Figs. 3a, b and 4).

Among the areas with the highest density of VL cases in South America, 13 areas 
are from the Northeast region followed by 2 areas in Tocantins state (North region), 
3 distributed in Minas Gerais and São Paulo states (Southeast region), 1 in Mato 
Grosso do Sul state (Mid-West), and 1 in Paraguay, which corresponds to data from 
the Central Department. Still, it is also possible to observe a geographic expansion 
of the disease to the South of the country reaching the tri-border area between 
Brazil, Argentina and Paraguay (Fig. 4).

 Entomological Surveillance and Phlebotomine Control

As of 1999, when the epidemiology and disease control services started to decen-
tralize from the national level to the state and municipality levels, entomological 
surveillance and control actions were implemented in the country. The state ento-
mology services were strengthened, thus enhancing the technical capability of pro-
fessionals for capture, identification, taxonomy and vector control. Moreover, these 
services were reinforced with more supplies for sampling, processing, vector iden-
tification and vehicles. On this occasion, the methodologies and VL-entomology 
techniques were reviewed and agreed upon to improve and guide the surveillance 
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Fig. 3 (a) Lu. longipalpis distribution by Brazilian Federative Units and bordering countries, 
2014. (b) Lu. longipalpis distribution by municipality, Brazil, 2014. (Source: PAHO/WHO: Data 
reported by National Leishmaniasis Surveillance Programs/Surveillance Services)

A. N. S. Maia-Elkhoury et al.
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and control actions based on risk stratification. Afterward, the entomological sur-
veillance and control actions for TL were also reviewed and implemented, although 
some entomology state services and leishmaniasis-control programs still need to 
improve and systematize the actions.

 Leishmaniasis Epidemiological Classification

The leishmaniasis-prevention, -surveillance, and -control activities recommended 
by the Brazilian Ministry of Health are based in actions aimed at areas with pres-
ence of cases and preventative measures in areas with no cases.

For VL, municipalities with no transmission are defined as areas with no record 
of autochthonous cases of human or canine VL. These areas are classified according 
to their vulnerability and receptivity because the objective is to identify the risk of 
introduction or circulation of L. infantum and, consequently, to guide measures to 
avoid the occurrence of human cases of this disease. Vulnerable areas are those with 
no record of autochthonous cases of human and/or canine VL but meet one or more 

Fig. 3 (continued)
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Fig. 4 Distribution density of VL cases in a 50-km radius by municipalities from Brazil and bor-
dering countries, 2014. (Source: SisLeish-PAHO/WHO: Data reported by National Leishmaniasis 
Surveillance Programs/Surveillance Services)

A. N. S. Maia-Elkhoury et al.
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of the following criteria: contiguous to areas with VL cases, intense migratory flow 
or shared road connections with municipalities having registered autochthonous 
cases. Receptive areas are those classified as vulnerable, according to the criteria 
mentioned previously, with the verified presence of Lu. longipalpis or Lu. cruzi after 
an entomological survey (Brazil 2006).

The vulnerability and receptivity criteria are strengthened with the surveillance 
of existing cases in endemic municipalities and new cases in non-endemic munici-
palities where the expansion of the disease is justified by the adaptation of the vec-
tors to anthropic areas, mainly those associated with construction works of great 
environmental impact—such as hydroelectric power plants, settlements and road 
openings—as well as population changes mostly due to rural exodus (Antonialli 
et al. 2007; Mestre and Fontes 2007; Cardim et al. 2013, 2016). In São Paulo state, 
from 1999 to 2011, the disease expanded from the Northeast region to the Southeast 
region in tandem with the Marechal Rondon highway and the Bolivia−Brazil gas 
pipeline. As for the Mato Grosso state, the disease has progressed to municipalities 
of the South Central and Southeast regions of the state in areas with higher popula-
tion mobility, which is facilitated by the roads network in this region (Mestre and 
Fontes 2007; Cardim et al. 2013).

The municipalities with human and/or canine VL are those with L. infantum 
transmission. These municipalities can be classified as areas with the first record of 
a VL autochthonous case, areas with outbreaks or areas with sporadic, moderate or 
intense transmission. The average number of cases from the last 3 years is used for 
this classification, and two cut-off points (2.4 and 4.4) were established to deter-
mine the magnitude of the disease. Nonetheless, this methodology is under review, 
and there is an undergoing analysis of the need of its replacement for a composite 
indicator, which will include readily available variables such as “number of cases” 
and “incidence rate.” Currently, under the present classification, Brazil has 1062 
municipalities with sporadic, 127 with moderate and 150 with intense transmission 
(Fig. 5).

Despite the full expansion of VL and its presence in large areas of the country, it 
is possible to observe heterogeneity in its distribution and transmission in urban 
areas. The diversity of the transmission in these areas may be associated with sev-
eral intrinsic factors related to human population (number of susceptible individuals 
as well as nutritional, social and economic status), vector and reservoir population 
(size, susceptibility, vector competence between sibling species and reservoir com-
petence to maintain the parasite), and environmental circumstances (microclimate, 
vegetation, altitude and relief, among others) (Koopman et al. 2005; Werneck 2008; 
Almeida and Werneck 2014). It is fundamental to consider these factors to choose 
adequate intervention and adapt the methodology recommended by the Ministry of 
Health to the reality of the location.

For TL, municipalities with no transmission are defined as those with no record 
of autochthonous TL cases in the last 3  years. The criteria of vulnerability and 
receptivity for TL are like the previously mentioned criteria for areas with no VL 
cases. TL-vulnerable areas are those with no transmission or having silent transmis-
sion with a biome favorable to vector presence meeting the criteria of contiguity to 
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areas with transmission or environmental modification (deforestation, settlements 
development plans, etc.). Receptivity is related to the presence of phlebotomine spe-
cies with proven or suspected vector competence in the area after recent entomo-
logical survey (Brazil 2016).

Municipalities with TL cases are classified through the composite indicator, 
which was proposed and validated by the Pan American Health Organization 
(PAHO/WHO), comprising experts and representatives from endemic countries. It 
is composed of three individual indicators: “number of new cases,” “density rate,” 
and “incidence rate.” Based on the composite indicator, municipalities with trans-
mission are classified into five strata using the natural-break method: sporadic, 
moderate, high, intense, and very intense (Fig. 6) (Brazil 2016).

Specific entomological surveillance and vector-control measures are adopted in 
each of these classifications for either VL or TL as described in the next section.

Fig. 5 Classification of municipalities with visceral leishmaniasis cases. (Source: SVS/MS 
Ministry of Health, Brazil)

A. N. S. Maia-Elkhoury et al.
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 Entomological Surveillance

Entomological surveillance is a continuous vector-observation tool to evaluate bio-
logical and ecological characteristics—plus their interaction levels with humans, 
the reservoir and the environment—for the timely detection of changes in their 
behavior that may affect the disease-transmission pattern (Gomes 2002).

To confirm the presence of VL vectors (Lu. longipalpis and/or Lu. cruzi), thus 
confirming autochthony of human or canine VL cases), and the behavior of the vec-
tors over the years, the Ministry of Health advocates three entomology activities: 
investigation, survey, and entomological monitoring.

Entomological investigation is a qualitative activity based on the capture of phle-
botominae on 3 consecutive nights with the main objective of confirming autoch-
thonous transmission in an area. The traps must be displayed at probable infection 
sites (PIS), with a minimum of two traps per PIS, one for the intra-domicile are and 
one for the peri-domicile area (Brazil 2006).

Entomological survey is a qualitative activity conducted in areas with no opera-
tional conditions for the development of an entomological monitoring with the goal 
of identifying vector dispersion in an area to guide the location of the canine sero-
logical survey and vector-control activities (Brazil 2006).

Unlike other entomological activities, monitoring has both qualitative and quan-
titative characteristics aiming at the knowledge of vector dispersion and the estab-
lishment of the seasonality curve of vectors in an area. It is recommended to conduct 
this activity in at least 10 sampling points according to the area size (Brazil 2006). 

Tegumentary 
Leishmaniasis

Municipality 
with no 

transmission

Non-vulnerable 
municipalities

Vulnerable 
municipalities

Municipality 
with 

transmission

Sporadic Moderate

Low- intense Medium-
intense

High Intense

Fig. 6 Epidemiological classification for surveillance and control of TL. (Source: SVS/MS 
Ministry of Health, Brazil)
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It is important to highlight the fact that the vector-seasonality curve is based on 
systematic captures within a minimum period of 24 months. The period with the 
highest vector density of the year is determined by the number of captured vectors 
per month, which indicates the most favorable period for chemical control as well 
as other prevention, surveillance and control activities. Notwithstanding, several 
factors may alter the vector appearance and capture and, consequently, the neces-
sary data to define the aforementioned curve. Environmental factors—such as pre-
cipitation, wind velocity, climate and vegetation—may directly influence the vector 
appearance and therefore must be considered during the evaluation of monthly cap-
ture results (Aguiar et al. 1996; Carneiro et al. 2004; Zeilhofer et al. 2008; Queiroz 
et al. 2012). Fruit trees help maintain an environment rich in organic matter, dimin-
ish insolation and provide an ecotope for vectors (Oliveira et al. 2012). The pres-
ence of domestic animals, especially chickens, is related to the occurrence of vectors 
(Barata et al. 2005; Teodoro et al. 2007; Fernandez et al. 2010). Precipitation inter-
feres with phlebotomine appearance in both positive (e.g., when it occurs at moder-
ate levels and encourages breeding sites) and negative ways (e.g., when it occurs at 
high levels and thus destroys breeding sites) (Missawa and Dias 2007; Silva et al. 
2007; Oliveira et al. 2008).

In addition to environmental factors, the quantity and disposition of the sampling 
points, within a selected area for the entomological monitoring, may significantly 
influence data for the seasonality curve. The use of few sampling points may not 
generate sufficient data for a statistical analysis between areas, thus hindering the 
sampling period and spray area. The limitation regarding sampling points is nor-
mally related to the operational complexity of this activity, which—depending on 
the area extension—might require an additional team, vehicles and traps, among 
other supplies.

A meeting with the state entomology managers was held in 2016 to discuss 
entomological- surveillance activities. An instrument was used to diagnose the team 
status, demonstrated 40% of the Brazilian municipalities designated for entomo-
logical monitoring, defined the seasonality curve and used this information to guide 
the chemical control. Currently there is discussion about the feasibility and mainte-
nance of this activity as an attribution of state and municipal entomology services 
with the proposal of joint activity to be carried out by academic and research groups.

The design of the entomological activities described previously must have sam-
pling spatial representativeness so that the conclusions and activities are consistent 
with the results and to avoid decision-making based on average values from large 
areas. In contrast, even though a minimal number of consecutive nights is essential 
to normalize the climatic variation of the sampling, the frequency and duration of 
the activity must avoid unnecessary use of resources. Hence, the sampling effort 
should be defined based just on information required from the selected area to 
implement actions at a local level and not inferred from sampling in a different area.

Recommendation for an entomological activity depends on the classification of 
the municipality transmission status, such as conduct entomological survey in 
municipalities with no VL cases; conduct entomological investigation in munici-
palities presenting the first case and/or outbreaks; and conduct entomological 

A. N. S. Maia-Elkhoury et al.
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 survey and monitoring in municipalities with a moderate or high transmission 
(Brazil 2006).

For TL, the confirmation of Lutzomyia presence is based on entomological- 
surveillance activities, which consists of foci research and entomological monitor-
ing. TL-foci research is like the VL-entomological investigation. It is recommended 
for new transmission areas to verify the presence and identify possible phleboto-
mine species and thus to assist in the identification of autochthonous cases and 
transmission occurrence within the home or work environment. Therefore, this sup-
ports the choice of which chemical-control measure, environmental management, 
or individual protection to employ—together or not—according to the transmission 
location. Considering the diversity of TL-transmitting species, during a foci research 
one should use the maximum possible number and types of traps (Shannon trap, 
light trap, and manual and/or electric Castro capturing devices).

TL-entomological monitoring is based on systematic captures and should be 
conducted monthly for at least 2 years at monitoring stations delineated from the 
natural vegetation and geomorphological region of the area to form homogenous 
capturing areas. Moreover, as in the foci research, one should use both light traps 
and Shannon traps (Brazil 2016).

Entomological surveillance in areas with low TL transmission is mainly based 
on orientation of individual and collective promotion and prevention actions. For 
areas with moderate or high transmission, the surveillance actions are the same, but 
the orientation is toward resource allocation and prioritization (Brazil 2016).

Indicators used for the analyses and evaluation of the data obtained in entomo-
logical surveillance activities are quantitative, qualitative, and standardized vari-
ables that can be compared in many situations. These indicators are based on four 
parameters: (1) characteristics of the vector-development stages (e.g., immature or 
mature); (2) characteristics of the vector capacity (e.g., anthropophily levels, activ-
ity period [diurnal or nocturnal] and activity location [intra-domicile or peri- 
domicile]); (3) vector competence with intrinsic information (e.g., natural infection 
rate); and (4) non-biological environment factors (e.g., temperature and humidity, 
which might influence the vector occurrence and density). Because gaps exist in the 
biology knowledge of immature forms of phlebotomies, indicators exclusively con-
cern the adult form. Thus, the VL-infestation rate (IR) of an area is measured from 
the calculus of the domicile-infestation rate and the relative abundance of the vector, 
and the TL IR is measured from the monthly average, per species and per capture 
point, of captures with light and Shannon traps as well as manual capture (Gomes 
et al. 2002) (Table 2).

Scenarios faced by the leishmaniasis-surveillance program include localities at 
the cross-country border area. Brazil shares eco-regions and leishmaniasis- 
transmission areas with all of its bordering countries where animal and people tran-
sit is fluid and constant. Differences exist in the structures of the political system 
and urbanization, health-system coverage, and control programs across the coun-
tries, which demand an additional effort from the surveillance, especially those 
related to dispersion of parasitic species to areas with no transmission or outbreaks. 
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These scenarios are aggravated by TL-transmission areas with social conflicts, mas-
sive migration processes or illegal activities.

To overcome these difficulties, the Latin American Leishmaniasis Programs and 
the PAHO/WHO are working together on a proposal of risk stratification and mini-
mal recommendations for vector surveillance and control like those presented in 
this chapter: quality control of national reference inter-laboratories to obtain an 
adequate and comparable diagnostic evaluation; and a fast-alert system for cross- 
border municipalities to report the presence of new vectors and human (TL and VL) 
and canine cases. Furthermore, a research of specific border areas is being devel-
oped to characterize leishmaniasis transmission through a common methodology.

 Vector Control

Chemical control is the main recommendation for vector control for the collective 
health scope (Brazil 2006). Information on the probable infection site and period of 
highest vector density, obtained from analysis of the collected data by entomologi-
cal surveillance, are fundamental for the success and control of the phlebotomine 
population. Nevertheless, difficulties in the establishment of an entomological 
information flow in terms of the use of epidemiological parameters to determine the 
research areas—and the delay of data evaluation to guide actions recommended by 
leishmaniasis-control programs—lead to non-use of data generated by the entomo-
logical surveillance and, consequently, to discontinuity of the recommended control 
activities. In summary, limiting factors to the systematic and periodic execution of 
these activities result in difficulty producing reliable information on vectors (ento-
mological indicators) and hence difficulties in the guidance of domicile spraying 
(Sena 2011).

In Brazil, vector chemical control is based on the use of alphacypermethrin 20% 
SC, and the federal government has the responsibility of acquiring and distributing 
this product to the states. This insecticide is part of the pyrethroid chemical class, 
has residual activity and is sprayed on all internal and external walls of the resi-
dence. The residual activity is variable and may last ≤3 months; however, studies 
exist that show a relation between the residual effect and the type of wall and envi-
ronmental circumstances, such as precipitation and insolation (de Silans et al. 1998; 
Camargo-Neves et al. 2007). Spraying is performed according to a complex meth-
odology because the person responsible for this activity must guarantee the neces-
sary amount of insecticide on the wall of the residence. The uniform deposition of 
40 mg of active element/m2 built is indicated, and the application must be executed 
in the correct amount of time (Brazil 2006, 2016).

For VL control, spraying is indicated in specific circumstances, such as (1) area 
with the first record of a human and/or canine case; (2) residences within a 150-m 
radius from the first case; (3) in areas with moderate and high transmission where 
spraying should be executed in residences from pre-defined areas before and after 
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the rainy season. TL recommendations for chemical control are spatially restricted 
because the transmission pattern of this disease, in its majority, occurs in non- 
modified, modified sylvatic, and rural areas, which makes the indication for chemi-
cal control more difficult. It is recommended in areas with occurrence of more than 
one human case of TL or the occurrence of cases in children younger than 10 years 
old—within a maximum of 6 months from the beginning of the symptoms—in new 
areas or during outbreaks associated with evidence that the transmission is occur-
ring in the home environment, that is, confirmed the presence of a vector with com-
petence inside the residence. Spraying must be exclusively executed on built areas 
and under no circumstance in forest areas (Ready et al. 2013; Brazil 2016).

Since 2003  in Brazil, leishmaniasis chemical control, particularly for VL, is 
based on the continuous use of alphacypermethrin 20% SC; thus, there is an evident 
necessity to establish population monitoring of Lu. longipalpis due to the possibility 
of this species to develop resistance to the used insecticides, especially in areas with 
overlapping vector-borne diseases—for which control is based on other pyre-
throids—such as dengue, yellow fever and Chagas disease. Change in the suscepti-
bility profile of the Lu. longipalpis population to alphacypermethrin has been 
described in Brazilian states, thus reinforcing the importance of vector- susceptibility 
monitoring as well as validation of other types of insecticide (Rocha 2016).

In addition to the aforementioned points, chemical control itself is complex with 
reports of its operation difficulty by municipal and state teams. Morais et al. (2015) 
showed great difficulty in the execution of vector-control activities in Belo 
Horizonte, which led to non-expansion of the spraying actions in the selected areas. 
A great percentage of the residents refused due to the required preparation of the 
residences (before and after spraying) and the need to exit the residence for some 
time after the spraying. Camargo-Neves et al. (2004) reported similar difficulties in 
the São Paulo state, mainly in urban areas with great demographic density, which 
makes the maintenance of activities over time unfeasible. Zuben and Donalísio 
(2016) applied a questionnaire to municipal managers from six Brazilian capitals 
(Fortaleza, Campo Grande, Campinas, Bauru, Goiânia and Belo Horizonte) to 
obtain their opinion on the control actions of the program. The results pointed that 
the execution difficulties were centered in the population’s refusal of the vector- and 
reservoir-control actions, the high cost to maintain these actions associated with 
there being few resources available from the federal government and the weak 
involvement of other sectors from the city halls.

In addition to the adversities of chemical control, which is only adopted for the 
vector adult stage, valid tools are lacking to control the immature vector forms as 
well. Environmental management is currently recommended to decrease the pres-
ence and maintenance of phlebotomine breeding sites and human exposure to the 
vector. However, presently there exists no validated protocol in the national territory 
to adopt this activity in the daily routine of health services. Because the absence of 
a valid methodology is a concern, Brazilian health authorities are conducting a proj-
ect—along with the Federal University of the Semiárido and the State Secretaries of 
Health—to validate the said protocol.
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 Other Tools

Due to the operational difficulties, quality of insecticides used, and change of the 
vector species-susceptibility profile, there is a need for alternative tools in the scope 
of vector control. In this regard, the repellent and insecticide effect of some plants, 
in the form of extracts and oils, has been widely researched and in some areas, such 
as agriculture, have been used to protect stored crop and grain (Matias et al. 2002; 
Boeke et al. 2004; Garcia and Azambuja 2004; Senthil et al. 2007).

Studies have demonstrated that plants from the Meliaceae family—especially 
Azadiracta indica and Melia azedarach, popularly known as “neem” and “amargo-
seira,” respectively—repetitive insecticidal activity in the laboratory for all develop-
ment stages of Lu. longipalpis. Laboratory bioassays of larvae feeding on leaves 
and fruits of A. indica and M. azedarach, in a restricted manner, have shown that 
both species of plants were capable to block molting between larvae stages. 
However, there was a difference with the M. azedarach leaves, which provoked a 
greater inhibition of molting compared with the fruits of this species and the leaves 
and fruits of A.indica (Andrade-Coelho et al. 2009).

Maciel et al. (2010a) demonstrated that contact with seed oil of A. indica, at a 
concentration of 100 mg/mL−1, prevented egg hatching and larvae molting with an 
efficacy of 65% and 67%, respectively, for 10 days. Furthermore, at the same con-
centration, the study showed that the mortality rate of Lu. longipalpis remained 
>95% after 72 h from the initial spraying (Maciel et al. 2010a, 2010b).

Plants of the Eucalipto genus also showed evidence of insecticidal activity in the 
literature, and the species E. staigeriana, E. citriodora, and E. globulus demon-
strated increased efficacy in preventing egg hatching and larvae molting as demon-
strated by studies with A. indica e M. azedarach. However, the oil concentration 
needed for this blocking activity was different for each species of Eucalipto as well 
as for each development stage of the vector (egg, larvae or adult) (Maciel et  al. 
2010b).

In view of these results, it is possible to conclude that oil and extract of several 
plants have insecticidal activity against the three phases of Lu. longipalpis in the 
laboratory, thus indicating that some elements from these plants might be an alter-
native to chemical insecticide in VL-vector control. Nevertheless, there is still a 
need for further studies to confirm the activity of isolated substances against the 
vector and to evaluate the residual effect of these compounds in the field.

Another growing research field is the use of insecticide-treated nets (ITNs) to 
control the vector population of several diseases, such as malaria, VL, TL and 
Chagas disease (Wilson et al. 2014). This strategy is recommended by the WHO for 
malaria control in endemic areas, although its efficacy has not yet been proven in 
Brazil (Vieira et al. 2014).

When it comes to control of the phlebotomine population, the published studies 
with ITNs are for TL vectors only. In the systematic review and meta-analysis by 
Wilson et al. (2014), from a total of 21 articles only 4 studies on TL were included, 
which together presented an efficacy of 77% with the use of ITNs (95%CI: 39–91%). 
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Studies from six villages in the Northwest region of Cukurova, Turkey, using ITNs 
(permethrin 2% and piperonyl butoxide 1%) demonstrated an efficacy of 92.2% and 
a decrease from 4.78% to 0.37% of the TL-case incidence in the intervention areas 
(Gunay et al. 2014). These studies reveal a promising possibility of using ITNs in 
TL-endemic areas; still, further studies are needed to evaluate its efficacy against 
VL vectors in Brazil.

The use of synthetic pheromones, which are attractive to both female and male 
phlebotominae, is being studied to increase the efficacy of ITNs and domicile resid-
ual spraying in VL-endemic areas (Bray et al. 2010, 2014; Barbosa et al. 2016).

Four percent deltamethrin-impregnated collars (DICs) are also being evaluated 
for their efficacy, aiming at animal individual protection as well as effectiveness 
(David et  al. 2001; Gavgani et  al. 2002; Camargo-Neves et  al. 2004; Reithinger 
et al. 2004). The repellent (or feeding-inhibition) effect was demonstrated in a study 
conducted in Fortaleza, Ceará, where feeding inhibition was confirmed in 99.3% of 
Lu. longipalpis at 4 weeks, 100% at 8–12 weeks, and 96% at 16–20 weeks after 
attachment of the DIC (David et al. 2001). A recent study revealed an efficacy of 
61.8% and 88.3% for DICs impregnated with deltamethrin and flumethrin, respec-
tively (Brianti et al. 2016). A multicentric study was conducted from 2012–2015 in 
17 VL-endemic municipalities from Brazil to evaluate efficacy of the use of 4% 
DICs as a public-health tool. The study is still under analysis, although a prelimi-
nary result showed a decrease of the canine prevalence in intervention areas 
(Kazimoto 2016). It is necessary to evaluate the cost-efficiency of this strategy, after 
the final analysis of this study, to define the feasibility of adopting this measure as a 
control tool for public health seeing that the use of DICs must be done in a continu-
ous and systematic manner to obtain the desired effect.

Moreover, it is necessary to evaluate Lu. longipalpis behavior, which is the main 
vector for VL, when faced with 4% DICs as a control tool because just the proof-of- 
concept of the active effect of the insecticide or repellent, or insecticide-based inter-
ventions, do not necessarily mean that the population wanting protection is actually 
protected by the desired effect. In this context, research is being performed to evalu-
ate the behavior of Lu. longipalpis in two municipalities participating in the multi-
centric study mentioned previously.

 Environment Management, Sanitary Education and Integrated 
Vector Management

Environment management and sanitary education are recognized by several publi-
cations as essential components of leishmaniasis surveillance and control. However, 
at the program level they are presented just as inter-sectorial management lines of 
action and general recommendations. These components are not applied in a sys-
tematic manner, and they lack standardized and controlled trials to support the evi-
dence of their effectiveness and impact, as has been reported by reviews on other 
control activities (Alexander and Maroli 2003; Romero and Boelaert 2010; Bates 
et al. 2015; Salomón et al. 2015). Environment management and sanitary education 

A. N. S. Maia-Elkhoury et al.



487

are privileged areas to implement leishmaniasis inter-disciplinary management and 
integrated control of different vectors or “healthy housing/healthy environments” 
approaches (Rodrigues et  al. 2011), in which there must be an evaluation of the 
resistance of the sympatric vectors with the largest impact in public health when 
using insecticide.

Proper environment management considers risk or protection factors for vector 
presence and abundance, parasite circulation associated with the landscape, and 
behavioral, social and economic factors, all of which should all be integrated with 
other surveillance and control activities and not considered as complementary or 
replacement activities. Generally, the recommendations are concentrated in the 
peri-domestic environment with there being no discrimination between rural, peri- 
urban, or urban leishmaniasis, except for urban canine VL and TL associated with 
occupational or recreational risk. The general recommendation usually includes (1) 
management of the peri-domicile, such as maintaining it free of refuge or potential 
breeding sites for vectors (plant or animal remains and garbage); (2) periodic rota-
tion and distancing of the human sleeping area from animals, such as chickens and 
pigs; and (3) domicile improvement to reduce vector access (Marzochi et al. 2009; 
Coura-Vital et al. 2013; Curi et al. 2014).

Nonetheless, its implementation is difficult due to structural and economic prob-
lems (e.g. territory organization, sanitation, etc.); sustainability problems (e.g. 
resources, programmatic and community priorities when the incidence decreases); 
and the nature of the problem itself, which requires an adaptation of the guidelines 
to each particular scenario. Gouveia et al. (2012), in a successful integrated environ-
ment management for TL in Rio de Janeiro, identified factors on three different 
scales: (1) demographic scale (e.g. social-economic status and basic services); (2) 
domestic unit (e.g. domicile structure and animal refuge, proximity to woods, land 
use, garbage, vegetation, fruit trees and domestic and wild animals); and (3) micro-
site: vector abundance. However, householder interventions are evaluated by the 
monthly entomological indicator in two domiciles, and each one of the interventions 
were different: One involves the reduction of livestock and animal dwellings, and the 
other involves decreasing the openness of the house structure to decrease vector 
indoor accessibility (Gouveia et  al. 2012). Likewise, in a study conducted in the 
Paraná state, “cleaning” the peri-domicile—such as closing of piped sewer systems, 
ensuring animal refuge >100 m from the residence, increased insolation of land by 
tree trimming, removal of organic residues, and use of insecticides—decreased the 
intra-domicile vector population. However, domestic units being situated closer to 
the woods or to domestic animals, despite spraying, maintains the risk because the 
vector population recuperates over time (Teodoro et al. 2004; Legriffon et al. 2012).

Regarding sanitary education, despite its importance being repeatedly high-
lighted, this measure rarely has the support of professionals and specific financial 
resources in municipal programs, and it is limited to superficial informative mes-
sages by the same control agents (Zuben and Donalisio 2016). Thus, in many 
 surveys of knowledge, attitudes, and practices (KAP [i.e. knowledge recorded on 
leishmaniasis among different actors of the community]), the education- and 
sanitary- system agents are found unsatisfactory or fragmented, thus reflecting the 
contradiction of rhetoric (especially for VL), in which the environment risks are not 
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mentioned although they are high. Sanitary education should contain concrete rec-
ommendations for each social group both permanent or transitory, such as tourists 
(Carvalho et al. 2013), without containing unnecessary academic information and 
being adapted to the social context of those who will turn them into actions (Nieves 
et al. 2008; Margonari et al. 2012; Menezes et al. 2016). In addition, it should pro-
mote community participation and empowerment, complementary to the non- 
delegable responsibilities of the state at different levels, including social and 
economic promotion policies and territory organization, thus avoiding the delegiti-
mization of public health speech by power, sectorial and jurisdictional conflicts 
(Dias 1998; Salomón et al. 2012).

Additional biases exist related to the methodological design and tools used in the 
generation of knowledge, which are used to develop environment-management and 
sanitary-education strategies. KAP studies usually have questions focused on the 
disease, vector identification, use of insecticide, animal reservoirs (such as dogs in 
the case of VL) and characterization of the environment and social status. Nonetheless, 
they contribute little to the knowledge on risk perception and disruption of a safe 
domicile or peri-domicile space, on the real capacity to modify the environment and 
on the conviction of doing it (where, when and what) by themselves or by external 
collective agents (Dobles-Ulloa et al. 1994; Gama et al. 1998; Santos et al. 2000; 
Borges et  al. 2008; Margonari et  al. 2012). Concerning TL, occupational, recre-
ational, and extra-domestic subsistence activities (e.g. hunting, fishing and water and 
firewood collection), as well as the effect of the TL lesions on self-esteem and social 
exclusion, should be considered (Weigel et al. 1994; Moreira et al. 2002; Carrillo-
Bonilla et al. 2014; Chahed et al. 2016). It is important to avoid blaming the indi-
vidual and rather emphasise the role of the focal and peri-focal environment by 
defining concrete and feasible measures in time and space, promoting dialogue 
between sectors and fostering the participation of groups (Carmo et al. 2016).

In contrast, the evaluation of tools and information strategies also present diffi-
culties of interpretation when transference of academic knowledge is privileged; 
therefore, information repetition is considered an impact indicator that only regis-
ters in the short- or medium-term memory (Uchôa et  al. 2004; Luz et  al. 2005; 
Rodrigues et  al. 2011; Lobo et  al. 2013), whereas sources of didactic but non- 
specific information on leishmaniasis usually contain useless or erroneous informa-
tion (França et al. 2011, 2013). Regarding the methodology for KAP surveys, its 
paradox effect and limitation arises from the wide use of virtual platforms and social 
networks. Especially in the urban environment with canine VL, where cases might 
have more information than controls due to searches on the Internet about the diag-
nosis, such searching can result in the inference that information is a “risk factor” 
and is only an artefact of the methodology in the present time (López et al. 2016).

In conclusion, even if each household should find a particular solution toward 
environment management according to its scenario and risk, this fact implies (1) the 
need to register empowerment, education and permanent supervision to provide sus-
tainable actions; (2) the need to contextualize recommendations to the real territory, 
thus guaranteeing necessary state follow-up and private-sector involvement (occupa-
tional risk and TL legal marks), (3) the need to promote joint actions in a spatial scale 
with biological consistency, which can overcome the domestic unit–dispersion area 
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and vector colonization; and (4) the need to understand the real capacity (agency) of 
family groups to develop interventions that directly affect the economy, such as 
domicile intervention and the management of animals and crops for food or income.
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