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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 grouyith cool winters, larvae diapause in the fourth (final)
of Diptera with blood-sucking adaptations. They are einstar. Pupal development takes 5-10 days. Adults emerge
ther considered as belonging to the family Psychodidateom the pupae in darkness, often just before dawn. Only
or a genuine family Phlebotomidae forming withthe female sucks blood, this food being used for egg pro-
the Psychodidae the superfamily of Psychodoideduction. Both males and females feed on sugary secre-
(Rohdendorf 1964, 1974, Lewis 1973, Williams 1993). Sartibns from plants or from honeydew produced by ho-
flies are characterized by their densely hairy wings, givnopteran bugs. Mating takes place at or near hosts: the
ing them a moth-like appearance. Phlebotomines are disales congregate in leks, on or near the host. They pro-
tinguished from other members of the family, if we conduce sex pheromones. Females home in on hosts using
sider them as a subfamily within Psychodidae, by the wdpth host odour and the odour produced by the males.
they hold their wings erected above the body in a verticklale wing vibration can be important in encouraging fe-
V, whereas members of other psychodid subfamilies helthles to mate. Seasonal activity of adults is mainly af-
their wings flat and near the body. They occur in a widected by temperature and rainfall. Adults are mainly ac-
range of habitats. The different taxa often have very spigve in the early morning, evening, and at night, although
cific habitat requirements. Sand flies are characteristicaltiiey can bite during the day if disturbed. When inactive,
encountered in the Old World in dry, semi-arid, and temadult sand flies live in resting sites that are characteristic
perate areas, breeding in leaf litter or moist fissures in tbéeach species. Resting sites are often similar or near to
soil, whereas in the New World, they occur mainly in tropithe larval breeding sites, usually cool, humid and dark
cal forests and savannas. places. Sand flies are able to survive in dry environments
LIFE CYCLE AND BIOLOGY OF SAND FLIES by withdrawing to C(_Jol, hu_mid, re_sting sites dur_ing the

o ] ) day and then becoming active at night when ambient tem-

It is difficult to study the life cycle of sand flies and peratures drop and humidity increases.
their relation to diseases because the larvae are tiny andsand flies are widely distributed in the tropics and other
their habitats are not well known. Adults are also ofteyarm mainland areas, and extend northwards to latitudes in
hard to flnq, and larvae usually impossible (Lewis 1973)he region of 50°N, such as 48° in the CIS (ex Soviet Union),
The study in the laboratory of these arthropod vectors &yignie near Beauvais in France, Jersey in the English
also more difficult than for others. The entire life cyclechannel, and Kamloops in Canada (Lewis 1973). The habit
takes 20-40 days except in diapausing species, i.e. theg@reeding in soil makes sand flies independent of surface
that stop developing when conditions become too colgyater, their small size enables them to use microclimates,

The females lay 30-70 eggs by scattering them arouRgq their nocturnal habits help them to avoid heat. There-

a potential breeding site. They hatch within 1-2 weekgyre, these insects inhabit wide areas despite their delicate
Larvae inhabit and feed on dead organic matter. They afigycture and rather limited flight range.

found in damp places containing organic matter such as

cracks in walls or rocks, animal burrows and shelter§E-ATION TO DISEASES

caves, termite hills, tree holes or in leaf litter. In regions 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 (eishmaniq (Adler & Theodor 1957), bacteriBgr-
*Corresponding author. Fax: +33(0)1-40-79-36.99. E-maitonella bacilliformig, or viruses (Vesicular Stomatisis
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The diseases of the ‘Leishmaniasis’ group are causadological importance, because it helps to predict the trans-
by intracellular protozoan parasites of the gebeish- mission patterns of different species and strains of or-
mania There is a large number of species and subspecgsnisms causing diseases to the humans. Therefore a
of Leishmaniagrouped according to their developmenstudy of the fossil psychodoid flies is of great importance
within the sand fly vector. Among the 30 known speciesor highlighting the real evolution and phylogeny of this
21 infect humans. All are spread by bites of infected samgloup. Azar et a(1999) demonstrated that the addition of
flies. Leishmaniais named after Dr Leishman, who firstfossil psychodoid flies to the phylogeny based on recent
described itin London in May 1903eishmaniaare intra-  taxa does not disturb its topology, but could be a test of
cellular parasites that infect the mononuclear phagocyteése historical value of the phylogeny through the charac-
The spectrum of human disease ranges from self-healigg homoplasy. Moreover, the addition of the fossil taxa
localized ulcers to widely disseminated progressive l@temonstrates that the phylogenetical history of Psy-

sions of the skin, mucus membranes, even the entire retighpdoidea is clearly more complicated than suggested by
loendothelial system. There are two major forms of leiskhe study of the recent taxa alone.

maniases: cutaneous and visceral leishmaniases. CutaneThe family Psychodidae is well represented in the

ous leishmaniases afflict 1.5 millions of people all over thgipteran fossil record: 18 genera and about 52 fossil spe-
World. They cause sores on the skin, which can be disfigies were described before 1994 (Evenhuis 1994). The
uring. They can spread to mucus linings of the nose apfowiedge of fossil taxa has greatly improved up to least
throat to cause a less common disease known as mucegflyenera and more than 75 species since the works of
leishmaniasis. In contrast, visceral leishmaniases CausRdsorge (1994), Azar et al. (1999), Azar and Nel (2002),
disruption of the immune system, resulting in fever, eNel et al. (2002).
largement of th_e liver, enlargement of t_h(_a spleen, anemia, | 5 mprecht (1980) estimated that the psychodoids
and loss of weight. There are half a million new cases gf;qinated as long ago as the Permian/Triassic boundary.
visceral I(_alshmamases arpund World each year. If UBVen if the oldest fossil record of psychodoid is from the
treated, visceral _Ie|shman|ases are fatal. . Triassic of North America and some Jurassic fossils are
Some sand flies are also vectors of several animal ttyg. i, 0. to this lineage (Kalugina & Kovalev 1985, Fraser
panosomes (Wallace & Hertig 1968) and probably of al. 1996), the oldest genuine sand flies are from the

Endot_rypr?nugmf sl?ths ((jSh%W 19|64)' Arr]eptilian me.‘lariaLower Cretaceous Lebanese amber (Hennig 1972). About

parasite has been found to develop to the sporozoite Stig)efossil sychodoid taxa were recentl discovered in the

in two species dofutzomyia(Ayala & Lee 1970). pSy . . y ;
Bartonella bacilliformisis bacterium causing the dis- Le(tj)agne;epggws?;; ('rlllrri]ceh5;{1?223;ngri,islguzglggtgtct)rgpgﬁ,

ease bartonellosis, which takes the form of the derm&[" " .
recent subfamilies of psychodoids were already present

Verruga Peruana or the Severe Oroya Fever or Carrion’ this ti Al Trich . d two Psvehodi
Disease, in Northwestern part of South America (Perﬁ IS UIme. /IS0, oné 1richomyinae and two Fsychodinae

Colombia and Ecuador) (Lewis 1973) afe recorded from the Upper Cretaceous Taimyr amber,
Vesicular Stomatitis is an acute viral vesicular disea¥€¢ Trichomyinae from the Upper Cretaceous Canadian

that primarily affects cattle, horses, and swines. The virG§nPer; one Trichomyinae from the Upper Cretaceous New
that causes Vesicular Stomatitis has a wide host rangg.rsey amber; and one Psychodinae from the Lower Cre-
This disease also occasionally affects sheep and go3fS€OUS lacustrine Sa.ntana formatlon in I_3ra;ﬂ. Lastly, a
Many species of wild animals, including cattle, deers, bofl€W genus of uncertain su_bfamlllal affinities is recorded
cats, pigs, goats, racoons, and monkeys, have been foffifn the Lebanese, Spanish (Alava) and French (Cha-
to be susceptible hosts. Humans can also become infecig@tes-Maritimes) ambers. All these discoveries suggest
with Vesicular Stomatitis when handling affected animalghat the psychodoid flies were already well diversified by
The etiologic agent, Vesicular Stomatitis Virus (VSV), is &1€ Cretaceous time. In addition, most of the psychodoids
rhabdovirus. One type of VSV is spread by phlebotomirféies from the Lower Cretaceous were probably of the
sand flies. Once introduced into a herd, the disease &jood-feeder type. This supports the theory of Hennig
parently moves from animal to animal by contact or expd1972) about the hypothetical phlebotomine-like ancestor
sure to saliva or fluid from ruptured lesions. of the Psychodidae. There is a ‘gradation’ from a well
The genusPhleboviruscomprises over 50 viruses developed, blood-sucking, phlebotomine-like type to a
which are transmitted by mosquitoes or phlebotomine fliegeduced, probably pollen-eating and psychodine-like type
Rift Valley Fever Virus and Sand Fly Fever Virus are thef mouth parts (Figure). These fossils also show a ‘grada-
most medically important agents which have been the gretien’ from five to four palpomeres: some fossil
est focus of study. Toscana Virus occurs in the Northefsychodinae have a faint furrow in one of their palpomeres,
and Western Mediterranean area. Chagres and Punta Tetich could be the remain of the fusion of two palpomeres.

Viruses occur in the New World. These fossils also illustrate a ‘gradual’ development of
IMPORTANCE OF PHYLOGENETIC ANALYSIS AND the eye bridge in psychodqld flies. Furthermore, some of
FOSSIL STUDY these Cretaceous Psychodinae have a well developed male

An understanding of evolutionary relationships~ o045 phiebotomines have a small remaining part of
among different subfamilies and species of psychodo

flies and especially phlebotomine sand flies is of epidé-e anql vein unlike the more or less completely reduced
anal vein of the recent taxa.

{ﬁhlebotomid—like genital apparatus. The Lebanese Lower
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Evolutive gradation on three structures in Pschodoidea: form of eyes, mouth parts and maxillary pdlpemonyiasp. (Recent
Phlebotominae); 2Protopsychoda nadiaézar et al. 1999 (fossil Psychodinae from Lebanese ambeBalg@opsychoda jacquelinea

Azar et al. 1999 (fossil Psychodinae from Lebanese ambefakeopsychoda solignadhzar et al. 1999 (fossil Psychodinae from
Lebanese amber); Bsychoda cineregRecent 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. Phlebotominaephee hemat
gous whereas Psychodinae are polliniphagous. The fossils of Psychodinae from the lower Cretaceous have mouth-parts afigghlebotom
type, with five maxillary palps in Phlebotominae, instead of four in Psychodinae. The fossil Psychodinae have four mdgslavithpa

a constriction on one of the palpomeres, which may result from a fusion of two palpomeres.

Historical relationships between psychodoids and (Insecta:Diptera) Backbugs, Leiden, 568 pp.
parasitic diseases remain unclear to present time. Ovygaser NC, Grimaldi DA, Olsen PE, Axsmith B 1996. A Trias-
the years, parasitic organisms such as nematods, proto-SIC Lagerstétte from Eastern North Ameribiature 380
zoa and viruses have become associated with sand fliﬁg.615'619'

In the present time some species of sand flies feed cmnnig W 1972. Insektenfossilien aus der unteren Kreide. IV.
P P Psychodidae (Phlebotominae), mit einer kritischen

different vertebrates including human_s and r_ept|les; th_es_e Ubersicht iiber das phylogenetische System der familie und
latter are cold-blooded vertebrates. It is possible that simi- gie bisher beschriebenen Fossilien (DipteB&tt Beit Natur

lar associations occurred very early in time between some (B) 241 1-69.

of the psychodoids and contemporaneous vertebrates likaugina NS, Kovalev VG 198%Dipterous Insects of Jurassic
mammals, dinosaurs, birds or pterosaurs, etc. Even, new Siberia], Paleontol Inst Akad Nauk, Moscow, 198 pp. [In

parasites transmitted by psychodoid flies could have con- Russian].

; At ; .ambrecht FL 1980. Palaeoecology of tsetse flies and sleeping
tributed to the extinction of dinosaurs by the end of Cré- Sickness in AfricaProc Am Philos Sof24 367-85.

taceoy; p(.e”Od' Relationships betwee.n. pSyChOd.OIdS aLr}ag/vis DJ 1973. Phlebotomidae and Psychodidae (Sand-flies
parasitic diseases are as old as the origin of the first ones, ;4 Moth-flies). Chapter 3c. in KGV Smitmsects and

due to their blood-feeding system. Other Arthropods of Medical Importand8ritish Museum
REFERENCES of Natu.ral History, Lo_r_1don, p. 155-179. .
o ) Nel A, Menier J-J, De Ploég G 2002. The oldest representative

Adler S, Theodor O 1957. Transmission of disease agents by of the Trichomyiinae from the Lowermost Eocene amber of

phlebotomine sandflies\nn Rev Entomdl: 203-226. the Paris Basin (France) (Diptera: Psychodidaeh Soc
Ansorge J 1994. Tanyderidae and Psychodidae (Insecta: Entomol Fr(in press).

Diptera) from the Lower Jurassic of Northeastern Germangohdendorf BB 1964. [Historical development of dipterous

Palaontol Zei68 199-210. _ insects].Trudy Palaeontol Inst Akad Nauk SSSR 1-
Ayala SC, Lee D 1970. Saurian malaria: development of 312 [In Russian].

sorozoites in two species of phlebotomine sand fes. Rohdendorf BB 1974The Historical Development of Diptera

encel67. 891-892. o Translated from the Russian by JE Moore & | Theile. The
Azar D, Nel A 2002. New Cretaceous psychodid flies from  yniversity of Alberta Press, Edmonton [English transla-

Lebanese amber and Chapada do Araripe, Santana, forma- tion of Rohdendorf 1964].

tion (Brazil) (Insecta, Diptera, Psychodidaénn Soc shaw JJ 1964. A probable vectorfidotrypanum schaudini

Entomol Fr(in press). _ in the slothCholoepus hoffmanin Panamalature 201:
Azar D, Nel A, Solignac M, Paicheler J-C, Bouchet F 1999. 417-418.

New genera and species of phlebotomid and psychodiffallace FG, Hertig M 1968. Ultrastructural comparison of

flies from the Lower Cretaceous amber of Lebanon (In-  promastigote flagellates (leptomonads) of wild-caught

secta: Diptera: Phlebotomidae, Psychodid®ajaeontol PanamaniaRhlebotomus] Parasitol54: 606-612.

42:1131-1136. o Williams P 1993. Relationships of phlebotomine sand flies
Evenhius NL 1994Catalogue of the Fossil Flies of the World  (Diptera).Mem Inst Oswaldo Crugs: 177-183.



