
35Mem Inst Oswaldo Cruz, Rio de Janeiro, Vol. 98(Suppl. I): 35-37, 2003

Fossil Psychodoid Flies and Their Relation to Parasitic Diseases
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Psychodid sand flies are blood-sucking fly vectors of several parasitic diseases. The oldest definitive record of
this group is from the Lower Cretaceous amber of Lebanon (circa -135 to -125 My), but the high diversity within this
group supports the idea that the psychodoids originated much earlier in history. The palaeontology demonstrates
that the Lower Cretaceous representatives of the different subfamilies of Psychodidae had similar morphology and
were blood-feeders, which supports Hennig’s hypothesis on the ground plan structure of this family. Historical
relationship between sand flies and diseases is unclear up to the present time, but this relationship could be as old
as the origin of psychodoids because of the blood-feeding life mode.
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Phlebotomine sand flies (Phlebotominae) are a group
of Diptera with blood-sucking adaptations. They are ei-
ther considered as belonging to the family Psychodidae,
or a genuine family Phlebotomidae forming with
the Psychodidae the superfamily of Psychodoidea
(Rohdendorf 1964, 1974, Lewis 1973, Williams 1993). Sand
flies are characterized by their densely hairy wings, giv-
ing them a moth-like appearance. Phlebotomines are dis-
tinguished from other members of the family, if we con-
sider them as a subfamily within Psychodidae, by the way
they hold their wings erected above the body in a vertical
V, whereas members of other psychodid subfamilies held
their wings flat and near the body. They occur in a wide
range of habitats. The different taxa often have very spe-
cific habitat requirements. Sand flies are characteristically
encountered in the Old World in dry, semi-arid, and tem-
perate areas, breeding in leaf litter or moist fissures in the
soil, whereas in the New World, they occur mainly in tropi-
cal forests and savannas.

LIFE CYCLE AND BIOLOGY OF SAND FLIES

It is difficult to study the life cycle of sand flies and
their relation to diseases because the larvae are tiny and
their habitats are not well known. Adults are also often
hard to find, and larvae usually impossible (Lewis 1973).
The study in the laboratory of these arthropod vectors is
also more difficult than for others. The entire life cycle
takes 20-40 days except in diapausing species, i.e. those
that stop developing when conditions become too cold.

The females lay 30-70 eggs by scattering them around
a potential breeding site. They hatch within 1-2 weeks.
Larvae inhabit and feed on dead organic matter. They are
found in damp places containing organic matter such as
cracks in walls or rocks, animal burrows and shelters,
caves, termite hills, tree holes or in leaf litter. In regions
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with cool winters, larvae diapause in the fourth (final)
instar. Pupal development takes 5-10 days. Adults emerge
from the pupae in darkness, often just before dawn. Only
the female sucks blood, this food being used for egg pro-
duction. Both males and females feed on sugary secre-
tions from plants or from honeydew produced by ho-
mopteran bugs. Mating takes place at or near hosts: the
males congregate in leks, on or near the host. They pro-
duce sex pheromones. Females home in on hosts using
both host odour and the odour produced by the males.
Male wing vibration can be important in encouraging fe-
males to mate. Seasonal activity of adults is mainly af-
fected by temperature and rainfall. Adults are mainly ac-
tive in the early morning, evening, and at night, although
they can bite during the day if disturbed. When inactive,
adult sand flies live in resting sites that are characteristic
of each species. Resting sites are often similar or near to
the larval breeding sites, usually cool, humid and dark
places. Sand flies are able to survive in dry environments
by withdrawing to cool, humid, resting sites during the
day and then becoming active at night when ambient tem-
peratures drop and humidity increases.

Sand flies are widely distributed in the tropics and other
warm mainland areas, and extend northwards to latitudes in
the region of 50°N, such as 48° in the CIS (ex Soviet Union),
Savignie near Beauvais in France, Jersey in the English
Channel, and Kamloops in Canada (Lewis 1973). The habit
of breeding in soil makes sand flies independent of surface
water, their small size enables them to use microclimates,
and their nocturnal habits help them to avoid heat. There-
fore, these insects inhabit wide areas despite their delicate
structure and rather limited flight range.

RELATION TO DISEASES

There are about 700 species of phlebotomine sand
flies. About 70 of them are important vectors considered
to transmit diseases to human, including protozoan para-
sites (Leishmania) (Adler & Theodor 1957), bacteria (Bar-
tonella bacilliformis), or viruses (Vesicular Stomatisis
Virus, Phlebovirus Genus, Sandfly Fever Virus, Rift Valley
Fever Virus, Toscana Virus, Chagres Virus, Punta Toro
Virus).
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The diseases of the ‘Leishmaniasis’ group are caused
by intracellular protozoan parasites of the genus Leish-
mania. There is a large number of species and subspecies
of Leishmania, grouped according to their development
within the sand fly vector. Among the 30 known species,
21 infect humans. All are spread by bites of infected sand
flies. Leishmania is named after Dr Leishman, who first
described it in London in May 1903. Leishmania are intra-
cellular parasites that infect the mononuclear phagocytes.
The spectrum of human disease ranges from self-healing
localized ulcers to widely disseminated progressive le-
sions of the skin, mucus membranes, even the entire reticu-
loendothelial system. There are two major forms of leish-
maniases: cutaneous and visceral leishmaniases. Cutane-
ous leishmaniases afflict 1.5 millions of people all over the
World. They cause sores on the skin, which can be disfig-
uring. They can spread to mucus linings of the nose and
throat to cause a less common disease known as mucosal
leishmaniasis. In contrast, visceral leishmaniases cause a
disruption of the immune system, resulting in fever, en-
largement of the liver, enlargement of the spleen, anemia,
and loss of weight. There are half a million new cases of
visceral leishmaniases around World each year. If un-
treated, visceral leishmaniases are fatal.

Some sand flies are also vectors of several animal try-
panosomes (Wallace & Hertig 1968) and probably of an
Endotrypanum of sloths (Shaw 1964). A reptilian malaria
parasite has been found to develop to the sporozoite stage
in two species of Lutzomyia (Ayala & Lee 1970).

Bartonella bacilliformis is bacterium causing the dis-
ease bartonellosis, which takes the form of the dermal
Verruga Peruana or the Severe Oroya Fever or Carrion’s
Disease, in Northwestern part of South America (Peru,
Colombia and Ecuador) (Lewis 1973).

Vesicular Stomatitis is an acute viral vesicular disease
that primarily affects cattle, horses, and swines. The virus
that causes Vesicular Stomatitis has a wide host range.
This disease also occasionally affects sheep and goats.
Many species of wild animals, including cattle, deers, bob-
cats, pigs, goats, racoons, and monkeys, have been found
to be susceptible hosts. Humans can also become infected
with Vesicular Stomatitis when handling affected animals.
The etiologic agent, Vesicular Stomatitis Virus (VSV), is a
rhabdovirus. One type of VSV is spread by phlebotomine
sand flies. Once introduced into a herd, the disease ap-
parently moves from animal to animal by contact or expo-
sure to saliva or fluid from ruptured lesions.

The genus Phlebovirus comprises over 50 viruses
which are transmitted by mosquitoes or phlebotomine flies.
Rift Valley Fever Virus and Sand Fly Fever Virus are the
most medically important agents which have been the great-
est focus of study. Toscana Virus occurs in the Northern
and Western Mediterranean area. Chagres and Punta Toro
Viruses occur in the New World.

IMPORTANCE OF PHYLOGENETIC ANALYSIS AND
FOSSIL STUDY

An understanding of evolutionary relationships
among different subfamilies and species of psychodoid
flies and especially phlebotomine sand flies is of epide-

miological importance, because it helps to predict the trans-
mission patterns of different species and strains of or-
ganisms causing diseases to the humans. Therefore a
study of the fossil psychodoid flies is of great importance
for highlighting the real evolution and phylogeny of this
group. Azar et al. (1999) demonstrated that the addition of
fossil psychodoid flies to the phylogeny based on recent
taxa does not disturb its topology, but could be a test of
the historical value of the phylogeny through the charac-
ter homoplasy. Moreover, the addition of the fossil taxa
demonstrates that the phylogenetical history of Psy-
chodoidea is clearly more complicated than suggested by
the study of the recent taxa alone.

The family Psychodidae is well represented in the
dipteran fossil record: 18 genera and about 52 fossil spe-
cies were described before 1994 (Evenhuis 1994). The
knowledge of fossil taxa has greatly improved up to least
30 genera and more than 75 species since the works of
Ansorge (1994), Azar et al. (1999), Azar and Nel (2002),
Nel et al. (2002).

Lambrecht (1980) estimated that the psychodoids
originated as long ago as the Permian/Triassic boundary.
Even if the oldest fossil record of psychodoid is from the
Triassic of North America and some Jurassic fossils are
attributed to this lineage (Kalugina & Kovalev 1985, Fraser
et al. 1996), the oldest genuine sand flies are from the
Lower Cretaceous Lebanese amber (Hennig 1972). About
20 fossil psychodoid taxa were recently discovered in the
Lebanese amber (nine Psychodinae, six Phlebotominae,
and one possible Trichomyinae). This suggests that all
the recent subfamilies of psychodoids were already present
at this time. Also, one Trichomyinae and two Psychodinae
are recorded from the Upper Cretaceous Taimyr amber,
one Trichomyinae from the Upper Cretaceous Canadian
amber; one Trichomyinae from the Upper Cretaceous New
Jersey amber; and one Psychodinae from the Lower Cre-
taceous lacustrine Santana formation in Brazil. Lastly, a
new genus of uncertain subfamilial affinities is recorded
from the Lebanese, Spanish (Alava) and French (Cha-
rentes-Maritimes) ambers. All these discoveries suggest
that the psychodoid flies were already well diversified by
the Cretaceous time. In addition, most of the psychodoids
flies from the Lower Cretaceous were probably of the
blood-feeder type. This supports the theory of Hennig
(1972) about the hypothetical phlebotomine-like ancestor
of the Psychodidae. There is a ‘gradation’ from a well
developed, blood-sucking, phlebotomine-like type to a
reduced, probably pollen-eating and psychodine-like type
of mouth parts (Figure). These fossils also show a ‘grada-
tion’ from five to four palpomeres: some fossil
Psychodinae have a faint furrow in one of their palpomeres,
which could be the remain of the fusion of two palpomeres.
These fossils also illustrate a ‘gradual’ development of
the eye bridge in psychodoid flies. Furthermore, some of
these Cretaceous Psychodinae have a well developed male
phlebotomid-like genital apparatus. The Lebanese Lower
Cretaceous phlebotomines have a small remaining part of
the anal vein unlike the more or less completely reduced
anal vein of the recent taxa.
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Historical relationships between psychodoids and
parasitic diseases remain unclear to present time. Over
the years, parasitic organisms such as nematods, proto-
zoa and viruses have become associated with sand flies.
In the present time some species of sand flies feed on
different vertebrates including humans and reptiles; these
latter are cold-blooded vertebrates. It is possible that simi-
lar associations occurred very early in time between some
of the psychodoids and contemporaneous vertebrates like
mammals, dinosaurs, birds or pterosaurs, etc. Even, new
parasites transmitted by psychodoid flies could have con-
tributed to the extinction of dinosaurs by the end of Cre-
taceous period. Relationships between psychodoids and
parasitic diseases are as old as the origin of the first ones,
due to their blood-feeding system.
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Evolutive gradation on three structures in Pschodoidea: form of eyes, mouth parts and maxillary palpes. 1: Lutzomyia sp. (Recent
Phlebotominae); 2: Protopsychoda nadiae Azar et al. 1999 (fossil Psychodinae from Lebanese amber); 3: Paleopsychoda jacquelinea
Azar et al. 1999 (fossil Psychodinae from Lebanese amber); 4: Paleopsychoda solignaci Azar et al. 1999 (fossil Psychodinae from
Lebanese amber); 5: Psychoda cinerea (Recent Psychodinae). In Recent Phlebotominae, the eyes are rounded. In Psychodinae, the eyes
form an eye-bridge, the Lower Cretaceous fossils show several situations between the two types of eyes. Phlebotominae are hematopha-
gous whereas Psychodinae are polliniphagous. The fossils of Psychodinae from the lower Cretaceous have mouth-parts of phlebotomine-
type, with five maxillary palps in Phlebotominae, instead of four in Psychodinae. The fossil Psychodinae have four maxillary palps with
a constriction on one of the palpomeres, which may result from a fusion of two palpomeres.


