Mem Inst Oswaldo Cruz, Rio de Janeiro, Vol. 98(Suppl. 1): 145-149, 2003 145

Relationships of New World Phlebotomine Sand Flies
(Diptera: Psychodidae) Based on Fossil Evidence

José Dilermando Andrade Filho, Reginaldo Pecanha Brazil

Laboratério de Leishmanioses, Centro de Pesquisas René Rachou-Fiocruz, Av. Augusto de Lima 1715, 30190-002
Belo Horizonte, MG, Brasil

The fossil record and systematics of phlebotomid sand flies, vectors of leishmaniasis and arbovirus in several
regions of the world, strongly support that living genera existed long before the Oligocene (38 million years, myr). A
common Phlebotominae ancestor was present in the Triassic period before the separations of continents (248 myr).
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The arthropods first arose during the Pre-CambriaBoth Phlebotomites brevifiligndP. longifilis were de-
period, about 550 million years (myr) ago. The firsscribed by Hennig, in 1972, and more recehthhennigi
Parainsecta appeared in the Devonian (408 myr) and tedL. lutfallahiby Azar et al. (1999) from the Lower Cre-
insects in the Carboniferous (360 myr), when radiation ¢dceous Lebanon. There are one record of ancestral mem-
the earliest orders occurred. Diversification continued toers of the living genuBhlebotomusP. pungengLoew,
occur in the following period, the Permian (286 myr), duri845) probably from the Holocene and Sergentomyia from
ing which the Diptera arose. During the Triassic (248 mythe Eocene (Stuckenberg 1975) .
the gigantic continental mass known as Pangaea beganWith respect to the New World, Quate (1963) described
to break up into the continents, a process which extendilicropygomyia paterné= Lutzomyia paterngfrom the
into the Jurassic (213 myr). Modern ecosystems arose@ligocene/Miocene. Until recently no formal species de-
the end of the Triassic. By the Cretaceous most of tlseriptions had been made of sand flies observed in amber
continents were already separated and there was congidm Hispaniola Island (Young & Lawyer 1987). We re-
erable diversification among the angiosperms. This coigently described?intomyia falcaorumthe second
cided with a pronounced increase in diversity of insecteotropical sand fly to be discovered in Miocene amber
groups, particularly those associated with these planfspm the Dominican Republic (Brazil & Andrade Filho 2002).
including the Diptera (Table). A few more specimens in Dominican amber from the col-

The Psychodidae are now widespread on all contection of one of the authors (RPB) are known to belong
nents except Antarctica, suggesting that the family has@athe generaMicropygomyiaand Trichopygomyiaand
long evolutionary history which began during the Mesoneed to be fully described. All the three genera are recog-
zoic (Ansorge 1994). The earliest known psychodid is fromized in living species with distribution from North to
the late Triassic of Virginia, USA (Fraser et al. 1996) an8outh America. The gen&phlebotomu€ockerell from
the next oldest specimens in this group is from the Jurd&drmese Eocene amber was considered by Fairchild (1951)
sic period of Germany (Ansorge 1994). Large numbers td be an intermediate form between the subfamilies
psychodids have been found preserved in amber from thalebotominae and Trichomyiinae or Sycoracinae.
Baltic region, Lebanon, Mexico and Burma (Myanmarpuckhouse (2000) suggested that this genus could repre-
(Haenni 2001, Azar et al. 1999, Rasnitsyn & Ross 2008ent a common ancestor of the latter two subfamilies.
Morales & Pimentel 2001). The generaPhlebotomites Mesophlebotomites,

There are a few records of Phlebotominae from Mexi-ibanophlebotomusnd Phlebotomiellamay be placed
can, Lebanese and Baltic amber. The oldest sand flies havéhe tribe Hertigiini, subtribe Hertigiina Fairchild which
been found in Lower Cretaceous (120-135 myr) amber fropresents more primitive characteristics than the tribe
Lebanon, at least four genera being recognised, i.@hlebotomini, to which the present-day ger&raomyia
PhlebotomiellaPhlebotomitesMesophlebotomiteand Costa Lima (subtribe Lutzomyiina Abonnenc & Leger)
Libanophlebotomubut they are no longer living genera.and MicropygomyiaBarretto (subtribe Sergentomyiina
Phlebotomiella tipuliformiswas described by Meunier, Artemiev) belong (Galati 1995). We believe that the great
in 1905, from Baltic amber, in the gerRlslebotomudut  majority of the present genera already existed in the Oli-
was later modified by the same author (Meunier 1906yocene period, includingutzomyiaFranca in the New
World, Sergentomyi&ranga & Parrot anBhlebotomus
Rondani in the Old World.

Most researchers accept that the family Psychodidae
consists of the subfamilies Bruchomyiinae, Trichomyiinae,
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TABLE

Relationship of the earliest phlebotmines in the different geological epochs. Table based on dates estimated by
Harland et al. (1982)

Periods Epochs Principal events Region
Quaternary (11000-2,5 myr) Holocene (Recent) (11,000) Glaciations
Pleistocene (2.5 myr) Glaciations
Tertiary (5,1-65 myr) Pliocene (5.1 myr) Isthmus of Panama
Miocene (24.6 myr) Pintomyia/Micropygomyia/Trichopygomyia Caribbean
Oligocene (38 myr) Present genera of Phlebotominae Mexico
Micropygomyia
Eoceno (54.9 myr) Phlebotomiella/Sergentomyia Baltic

Cretaceous (144 myr)

Jurassic (213 myr)

Triassic (248 myr)

Permian (286 myr)

Carboniferous (360 myr)
Devonian (408 myr)

Palaeocene (65 myr)

Most continents widely separated
Bering straits formed
PhlebotomitesMesophlebotomites,
Libanophlebotomus

Separation of Continents
Differentiation of tribes Hertigiini and
Phlebotomini

Beginning of separation of continents
Ancestors of Phlebotominae
Earliest psychodids

Continents joined
Earliest Diptera

Earliest orders of the Insecta
Parainsecta

North America

Silurian (438 myr)
Ordovician (505 myr)
Cambrian (570 myr)
Vendian (670 myr)
Sturtian (800 myr)

Arthropoda

ily Phlebotominae Rondani may be divided into two tribegraspecific variations, it being difficult to know to whether
Hertigiini Abonnenc & Leger and Phlebotomini Rondanior not these maintain reproductive isolation.
The Hertigiini present various plesiomorphies in relation The subfamily Phlebotominae is distributed over all
to members of their sister group in the subfamilyhe zoogeographical regions. This may be explained by
Bruchomyiinae Alexander and incorporate the neotropicalcariance events, i.e., the discontinuous distribution of
sand fly gener&VarileyaHertig andHertigia Fairchild. closely related groups (Amorim 1994). Based on fossil
The Phlebotomini Rondani present the greatest numtmridence Kerr (2000) and Kerr et al. (2000) suggest that
of apomorphies and this tribe includes most of th#he ancestor ocfergentomyiandPhlebotomugvolved
neotropical species. in the Palearctic region during the Cretaceous, whereas
It is known that the flight capacity of phlebotominedor Noyes et al. (2000) these genera arose when Pangaea
is very limited (Chaniotis & Coura 1974, Morrison 1993)was still intact, before the separation of the continents.
as is their vagility, i.e., the geographical distance betwedwecording to Lewis (1982) the ancestor of the phle-
where a zygote is formed and where the resulting insdmbtomines arose in the Cretaceous. However we think
will be born. One would therefore expect most species that they arose around the Triassic period, about 248 myr
be limited to certain well-established and delimited geago, before the breakup of Pangaea and subsequently
graphical areas, as result of small gene flow between thegan to disperse to each continent, giving rise to the
populations and consequently little phenotypic variatiowide variety of modern genera and species. The spread of
in the species. However this is not what is observed. Sgeeishmaniaspecies accompanied this pattern of distri-
cies such ak. longipalpis(Lutz & Neiva),Psathyromyia bution, showing clear signs of coevolution (Killick-
shannoni(Dyar) andPhlebotomus papatagiScopoli) Kendrick 1985). According to Galati (1995) the current
present wide geographical distributions leading to th&pecies of the tribes Hertigiini and Phlebotomini occupy
formation of clines or even taxonomically confusing inall the zoogeographical regions, suggesting that the an-
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cestor of these two tribes had already arisen during 8and fly dispersal would also account for the distribution
even before the separation of the continents. of theLeishmaniaspecies transmitted by the insects. The
There are nearly 200 species of sand fly in the Palearew colonising populations adapted to new habitats, such
tic and Ethiopian regions, compared with approximatelgis the Atlantic and Amazon Forests and subsequently
480 in the Neotropics. Only 14 species occur in the Nearghderwent further speciation.
tic and only five are precinctive for this region. Only four Itis difficult to estimate the age of a given species, but
of the 23 Neotropical genera occur in North America angde may suppose that the species that present a geographi-
none are exclusive to the Nearctic, half of the 14 specieal distribution that extends over much of the Americas
belonging to the genuslicropygomyia Most of these or either of the two zoogeographical regions should be
occur in the hottest, most humid areas of the regiowmery old.P. shannonis found in both the Nearctic and
Psathyromyisgshannoni(Dyar) is the only species found Neotropical regions and is probably an ancient species.
in both these zoogeographical regions (Young & PerkirBuring the process of continental break-up Central America
1984, Young & Duncan 1994). was formed by a chain of islands, North and South America
The temperate climate of the Nearctic is known to beemaining separate until the formation of the Isthmus of
unfavourable to phlebotomine development, particularlpanama during the Pliocene epoch of the Tertiary period.
that of the immature stages. This fact reinforces the id€ne may thus hypothesise tiatshannontdispersed to
that the event that led to the appearance of thiee Nearctic after this had occurred, i.e., less than 5.1 myr
phlebotomine line occurred originally in the Tropics, fronmago.
where a few species dispersed to the temperate regions, If the great glaciations really were responsible for the
adapted and occupied vacant ecological niches, someinction of many species or their displacement to the
populations undergoing speciation. It is to be expectddopics, one might expe& shannonto have migrated
that these species, whether autochthonous or not, wotbdhe Nearctic within the last 10,000 years, at the time of
be younger than those present in the Tropics, and cotle last great glaciation. Even if we agree with some au-
even come to occupy new geographical areas, leadinghors thatP. shannoniis composed of more than one
geographical isolation of the first population and newaxon or of genetically separated populations (Cardenas
processes of speciation. Young and Lawyer (1987) corat al. 2001, Mukhopadhyay et al. 2001), the phenotypic
mented that the phlebotomines presently found in Norgimilarity observed between the putative species indi-
America probably arose from South American stock. Ocates that speciation was recent, insufficient time having
the other hand modern-day phlebotomines could haetapsed to produce greater morphological diversity. Sev-
arisen in the Nearctic during the arid phases of the Tegral neotropical sand flies are considered to represent cryp-
tiary, their reduced presence being due to the constdiatspecies such a$éyssomyia intermedial. which may
climatic fluctuations that occurred in the Quaternaryhave arisen as a result of recent allopatry (~ 250,000 years).
These fluctuations could have caused many sand fly speie discovery in the Brazilian state of Sdo Paulo of in-
cies to become extinct or displaced to the Tropics, whesects morphologically similar tN. intermedias.s. but
they may have adapted to the hotter, more humid conda¥th DNA mitochondrial sequences apparently more char-
tions and undergone considerable adaptive radiation. Taeteristic of the relatetl. neivaiindicates that separa-
ecological niches abandoned during the glaciations hatien of the two species was very recent, not yet complete
still not reoccupied by the remaining species. We comand/or interbreeding occurred under particular conditions
sider the first hypothesis to be more likely, since the nurand at certain times of the year (Marcondes et al. 1997).
ber of species is very limited and no genus is exclusive kborphological variations in the number of tergal spots
the Nearctic. provided the first evidence thiatlongipalpiswas a spe-
According to Young and Lawyer (1987) the centre ofies complex (Mangabeira 1969). Molecular studies with
distribution of the genusutzomyia(= subtribes L.longipalpiss.l.from different regions of Brazil that bear
Phlebotomiina and Psychodopygina) in the Neotropics éme or two pairs of abdominal spots suggest that specia-
the forested lowlands to the east of the Andes, from wheien was recent, occurring between 0.22 and 1.02 myr ago
more than 40 species have been collected. One explafBauzer et al. 2002). Sufficient morphological
tion for this would be the dry periods that occurred durdiversity has occurred to create new species, as in Ven-
ing the Pleistocene epoch and served to isolate conspeuelan populations recently describedLagpseudo-
cific populations, some of which became reproductiveliongipalpis(Arrivillaga & Feliciangeli 2001).
isolated and colonised more humid areas in the north and The absolute number of mutations in a given popula-
west. Nevertheless the idea that the Andes really are tfien is directly related to the total number of individuals in
place of origin of the present-day sand flies is supportdlis same population. The greater the population size the
by the presence of seven of the nine Neotropical specigigher the number of polymorphic loci, due to constant
of the Hertigiini in the Andean Region, the two othergene flow between individuals. Variations in the percent-
being found in French Guiana, Costa Rica and Panamages of these loci occur in geographically isolated popu-
The occupation of new areas in the western Neotropilzgions (Amorim 1994). Morphological variations do not
probably occurred during the long, constant climatialways serve to maintain reproductive isolation. Hybrid-
changes of the Pleistocene. These movements occurieation may sometimes lead to speciation, when hybrids
not only for the phlebotomines, but also for several oth@re maintained between two species. Another way in
animal groups of invertebrates and vertebrates, includimghich new species could arise is by means of genetic or
those exploited by sand flies as sources of blood meatytological changes in the individual, i.e., through chro-
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mosomal mutation or translocation leading to reprodudénsorge J 1994. Tanyderidae and Psychodidae (Insecta:Diptera)

tive isolation. These forms of speciation are instantaneous, from Lower Jurassic of Northeastern Germa?slaon Z

i.e., a new species may arise in a short space of time. 68 199-210. _ _

Gradative speciation, i.e., that which occurs over timé",”'&’(')'l'gr?;p‘;%is':tﬁgCﬁ'fsrt‘?]‘zlv'v ';"p%jgfﬁﬁﬁ?ggpgfpeig'

may be sympatric if a biological barrier divides the mem- - ) o :

bers of a particular widely distributed population so that (R[?r']gg?gdap, %/Srgﬂghcff;: Isetggf)\zlnr;azmdepr:gﬁgom

gene flow between them ceases or parapatric when selecg: 783-790.

tion favours different alleles in adjacent or allopatric popuszar D, Nel A, Solinace M, Paicheler JC, Bouchet F 1999.

lations. Thus geographical variations may lead to repro- New genera and species of psychodid flies from Lower

ductive isolation. Cretaceous amber of LebandPalaeontology 421101-
Although phlebotomine species occur in sympatry in  1136. _ _

practically all habitats, hybridization has not been denfauzer LGSR, Souza NA, Ward RD, Kyriacou CP, Peixoto AA

onstrated in nature (Fryauff et al. 1991, Andrade Filho et 2002. The period gene and genetic differentiation between

- . - .- three Brazilian populations dfutzomyia longipalpisin-
al. 1999). Nevertheless it could provide sufficient genetic sect Mol Biol 11in press

variation to permit adaptation to new habitats. Their allgs, 5 RP, Andrade Filho JD 2002. DescriptionRyfntomyia

les of the progeny could include some characteristics that (pifanomyia) falcaorumsp. n. (Diptera:Psychodidae:

arose through genetic recombination. Hybridization zones phlebotominae), a fossil sand fly from Dominican amber.

probably do exist between some species, principally those Mem Inst Oswaldo Cruz 9801-503.

that are very similar morphologically and have wide gedsardenas E, Munstermann LE, Martinez O, Corredor, Ferro C

graphical distributions. 2001. Genetic variability among populationdatzomyia
The mechanisms of reproductive isolation among the (Psathyromyia) shannoiiDyar 1929) (Diptera: Psychod-

phlebotomines probably follow the patterns for other '(Ejaeng;h'fS%Otl‘;”g'”ae) in Colombiem Inst Oswaldo

Diptera. Thus the mechanisms of pre-copulatory repreq ~i-% "-90

ductive isolation includ lisolati h aniotis BN, Correa MA 1974 Comparative flying and biting
uctive isolation includseasonal isolatioras when two activity of Panamenian phlebotomine sandflies in mature

species are active sexually at different times of the year; forest and adjacent open spat#led Entomol 8369-375.
ethological isolationin which the potential sexual part- Duckhouse DA 1965. Psychodidae (Diptera:Nematocera) of
ners meet but the courtship behaviour of one or both southern Australia, subfamilies Bruchomyiinae and

species does not attract the otheliemical isolation Trichomyiinae.Trans R Entomol Soc Lond 11329-343.
where the liberation of pheromones inhibits or fails t®uckhouse DA 1972. Psychodidae (Diptera:Nematocera) of
attract the closely related species; amethanical isola- South Chile, subfamilies Sycoracinae and Trichomyiinae.

tion, where incompatibility of the copulatory organs im-_ _17ans R Soc Entomol Lond 12281-268. .

: : . ckhouse DA 2000. Redescription and re-evaluation of the
pedes the ethange of .genetlc mate”al'. Wl.th regard %I Burmese amber psychodid Eophlebotomus connectens
the pO_St'Zngt'_C mechams_ms of_reproductlve isolation we Cockerell and its phylogenetic position (Diptera: Psychod-
can citegametic .mortallty!r'] which sperm trgnsfer 0C-  jdae).Systematic Entomol 2503-509
curs but the egg is not fertilizezygotic mortalitywhere  Fairchild GB 1951. Some nomenclaturial notes on Psychod-
the eqg is fertilized but the zygote does not suniiye; idae (Diptera)Bull Brooklyn Entomol Soc 4@0-18.
brid inviability, where the F1 hybrid produced is not vi-Fraser NC, Grimaldi DA ,Olsen PE, Axsmith B 1996. A triassic
able or has reduced viabilithybrid sterility, in which Lagerstatte from Eastern North Ameribature 380615-
the F1 hybrid is sterile; arfig/brid collapsewhere the F1 619 _ _ o
is fertile but its progeny are inviable and do not survive tg"Yauff DJ, Hanafi H 1991. Demonstration of hybridization

- - betweerPhlebotomus papataéscopoli) andPhlebotomus
reproductive age. Post-copulatory mechanisms can not bergerotiParrot.Parasgitglogig;sz{%ug)pl. 1): 237-243.

prevent the loss of time, energy and gametes that codd i EAB 1995. Phylogenetic systematics of Phlebotominae
be expended on a member of the same species. (Diptera, Psychodidae) with emphasis on American groups.
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