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Numerical Taxonomy of Old World Phlebotominae
(Diptera: Psychodidae).
2. Restatement of Classification upon Subgeneric
Morphological Characters
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Numerical analyses (correspondence analysis, ascending hierarchical classification, and cladistics)
were done with morphological characters of adult phlebotomine sand flies. The resulting classification
largely confirms that of classical taxonomy for supra-specific groups from the Old World, though the
positions of some groups are adjusted. The gpalacophlebotomusheodor 1948ldiophlebotomus
Quate & Fairchild 1961 Australophlebotomu$heodor 1948 an@€hiniusLeng 1987 are notably dis-
tinct from other Old World groups, particularly from the gefidebotomudRondani & Berté 1840.
Spelaeomyidheodor 1948 and, in particulaRarvidensTheodor & Mesghali 1964 are clearly sepa-
rate fromSergentomyidranca & Parrot 1920.
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Since the description &ibio papatas{Scopoli Although the use of these discriminant charac-
1786) and the erection of the gerflebotomus ters remains the basis of specific identification keys,
(Rondani 1840, Loew 1845), the taxonomy othere are still uncertainties in the systematic posi-
phlebotomine sand flies has been based dion and phylogenetic significance of many
monothetic principles, supported by morphologisupra-specific taxa defined by these characters.
cal arguments. Successive classifications depended The polythetic concepts contrast with tradi-
on a small number of subjectively chosen charadional monothetic analysis (Mayr 1969). All phe-
ters of adults, each creditagriori with discrimi-  netic characters are given equal weight (Véron
natory value and used to determine dichotomie4969), and are not givea priori discriminant
Thus erect or recumbent abdominal setae were usealue. Simultaneous consideration of all charac-
to identify two groups,Phlebotomusand ters gives each phenon its identity and hierarchi-
Sergentomyidirst as subgenera, secondly as gereal position. Using automatic data processing meth-
era (Newstead 1911). Later, the structure of theds, phenetic analysis shows relationships between
male genitalia (Franga 1919, Francga & Parrot 192@youps as graphs of factor analysis, or as dendro-
1921), the alar index and other morphometric ingrams.
dices (Franca & Parrot 1921, Larrousse 1921) al- Cladistic analysis indicates apomorphic char-
lowed the erection of subgenera. The importancacters and determines the most parsimonious evo-
of female characters such as the cibarial and phiationary sequence. The final product of the analy-
ryngeal armatures and spermathecae was intrsis is a cladogram which enables hypotheses of
duced by Adler and Theodor (1926), and develphylogenetic relationships to be made and indicates
oped by Sinton (1927a, b, 1928) and Nitzulescthe direction of evolutionary change in characters.
(1931). Classifications at the generic and Numerical taxonomic studies on Arthropoda,
subgeneric level have subsequently been basedwhether phenetic or cladistic, have mainly been
a subjective selection of characters. on Aranea, Coleoptera, Ephemeroptera, Hemiptera,

Hymenoptera, Lepidoptera, Mecoptera, Para-
neoptera and Plecoptera. Dipterists have been
mainly interested in phenetic studies, which have
been done on Culicidae (Rohlf 1963, 1977,
*Corresponding author. Fax : +33-4-67-63.0049. E-maifi€ndrickson & Sokal 1968, Steward 1968, Moss
parasito@sc.univ-montp.fr et al. 1979). While various groups, including Psy-
Received 26 March 1998 chodidae (Jezek 1983), have been studied by quali-
Accepted 29 July 1998 tative traditional cladistic analysis, it seems that
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only the genu3oxorhynchiteg¢Simon et al. 1982) identification and classification of sandflies. Many
and the family Keroplatidae (Matile 1990) haveof these were first used by early authors when taxo-
been studied by cladistic methods. nomic or geographical knowledge of the group was
In this study, anatomical characters definindimited. Easily visible structures predominate, no-
supra-specific groups of phlebotomine sand fliegably the male genitalia and the cibarium, pharynx
were analysed by phenetical and cladistical metland spermathecae of females. Some characters of
ods, as proposed by Lewis et al. (1977). the head (mouthparts, palps and antennae), thorax
MATERIALS AND METHODS including the wings, and abdomgn are alslo in-
] ] _ cluded. Twenty characters were finally retained,
Choice of taxa- For the numerical analysis, relating to the antennae, palps, cibarium, thoracic
supra-specific taxa were chosen as the operationgd abdominal setae and the male and female geni-
taxonomic units (OTU). Altogether, 21 taxa wergg| structures.
considered. In addition to t_he long-recognised sub-  Definition of character statesCoding requires
genera oPhlebotomuglewis 1982), the new taxa clearly definable character states. After making a
Kasaulius Lewis 1982, Transphlebotomus complete list of the possible forms of each struc-
Artemiev & Neronov 1984 an@hiniusLeng 1987  tyre, grouping was essential to reduce their vari-
were includedNeophlebotomuBranca & Parrot ety. Wherever possible, grouping took account of
1920 (synonymous witRondanomyigaccording  known or suspected homologies. Table | shows the
to Lewis 1978) andParrotomyia Theodor 1958 55 states of the 20 characters described in the 21

were retained in the gen@ergentomyiasensu QTU's, and identifies the state that we believe to
Franca & Parrot 1920. @apensomyi®avidson e truly plesiomorphic.

1979 andDemeilloniusDavidson 1980, only the  Numerical analysis Following the tabulation
latter, considered by Artemiev and Neronov (1984pf character states for each OTU (Table I1), analy-
to be a separate genus, was retained. ses were carried out using an Olivetti M380 XP1
Selection of charactersA preliminary listwas  computer. For the phenetic analysis, programmes
drawn up of morphological characters from malegf the algorithm Analyse de Données of the soft-
and females classically used by specialists in thgare Biomeco 2.0 package (Biometrics Group of

TABLE |
Numerical taxonomy of Old World Phlebotominae. Twenty characters and their 55 states
A - Female antennal segments with two ascoids................. none [O] / 11 - IX [1] / 11 - XIV [2)/11 - XV [3] / 1] -
XVI[4]
B - Male antenna with at least one ascoid on segment 1l ..no [0] / yes (P) [1]
C - Male antennal segments with two ascoids .................... none [O] / 11 - VIII [1] / 11 - IX or X [2)/111 - X1V [3]
/11 - XV [4] 11V - XIII[5]
D - Longest palpal sSegment........ccccceevriiieiiiresiiee e 3[3]/5]5]
E - Cibarial armature in female ...........cccoooieiieiiiieeiiieeens absent [0] / present [1]
F - Cibarial teeth in a palisade ...........ccoccvevvieeiniieeniiecee, no [0]/ yes [1]
G - Groups of mesanepisternal setae ............cccccevvivveeeeennnis none [0] / one [1]/two (P) [2]
H - Recumbent hairs on tergae Il - VI ... absent (P) [0] / present [1]
|- Basal Iobe on coxite (*) ....ooveveiiiiiiiieee e absent (P) [0] / present [1]
J - A tuft or row of hairs on COXite .........cccuvveeiiniiiierernnnene. absent (P) [0] / present [1]
K - SPINES ON SLYIE ...oeviiiiiiiiiie e two [2] / three [3] / four [4] / five [3B] six
L - At least one non-deciduous seta on style ..................... absent (P) [0] / present [1]
M -Parameres .......cccoiiiiiiiiieiiiiiiiee ettt simple (one-lobed) (P) [0] / complex [1]
N - Apex of simple parameres..........ccceeeeeiiiiiiieeeneniieeeeee rounded [1] / truncate or hooked [2] / spatulate[3]
O - ABULAGUS ...ttt very short or rudimentary [1] / condigitjfrm

[3] / bifurcate, or with sclerotized appendages or
extensions [4]

P - Intra-abdominal rods .........cccoceieiieeiniiieee e absent (P) [0] / present [1]
Q - Wall of spermatheca ...........ccooovuieeeiiiiiiiiiee e smooth [0] / ornamented [1]
R - Smooth spermathecae; definite capsule or
demarcation from spermathecal duct ..............ccccceeenee absent [0] / present [1]
S - Spermathecal ornamentation ............cccccoviiiieiieiiniiinennn. segmented or annulated [1] / folded or striated [2]/with
rows of spicules [3]
T - Spermathecal dUuCtS: .........coocveeiiiiiieiiie e uniform diameter (P) [0] / with a dilatatitranother

at the base [1]
(P): presumed plesiomorphic state; (*): terminology of male genitalia follows Abonnenc (1972).
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TABLE I
Numerical taxonomy of Old World Phlebotominae. Character state matrix. Codes as in Table |
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[ - ] no state applied to the coded taxon.

CEPE/CNRS, Montpellier) were used. The cladisParvidenswith New World sand flies, and the pre-
tic analysis used the MIX algorithm (Wagner par<ise position of this group remains to be deter-
simony), from the PHYLIP programme. mined.
RESULTS Cladistic analysis Fig. 3 shows the most par-
simonious cladogram obtained. This is largely con-
Phenetic analysis Correspondence analysissistent with the phenetic dendrogram (Fig. 2). Taxa
and ascending hierarchical classification yieldedonventionally contained in the gené&taleboto-
similar results. The taxonomic positions of thenusandSergentomyiaplit into two distinct clus-
OTU’s are shown in Figs 1 and 2. Separation agrs. The left-hand extremity contaiS&rgen-
the 50% level, which was taken to correspond tomyia Spelaeomyids very distinct. Early off
the generic level of classification, indicated at leasthoots from this branch give rise $pelaeophle-
six taxa at this levePhlebotomusSergentomyia  botomusand Idiophlebotomus The right-hand
AustralophlebotomusSpelaeophlebotomus branch has an early fork givinghinius and
IdiophlebotomugindChinius The genu®hleboto-  Australophlebotomu®n the one hand, and
musappears to contain two clusters. The first corParvidensandAnaphlebotomusn the other. This
tains two groups of closely related subgenénde- s followed byEuphlebotomuandKasaulius then
botomus ParaphlebotomusndSynphlebotomus  the six apparently most recent takarroussius
andAdlerius TransphlebotomuandLarroussius  TransphlebotomysAdlerius Synphlebotomys
The second cluster contaif&uphlebotomus Paraphlebotomusind Phlebotomus The subge-
Kasauliusand Anaphlebotomyswith Parvidens nusPhlebotomussurprisingly, has a terminal po-
loosely attached. Within the gen8srgentomyia sition on this most recent branch of the cladogram,
the taxorSpelaeomyiis clearly separate from the despite the apparently plesiomorphic characters it
others. While conclusions cannot be secure witlshares with fossil forms. Indeed, considerations of
out consideration of outgroups, the phenetic analgpecific morphological characters in the genus
sis clearly indicates th&tarvidenss distinct from  Phlebotomushas confirmed its place among the
SergentomyiaAbonnenc and Léger (1976) alliedmore primitive subgenera (Rispail & Léger 1998).
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A the ancestral state of both groups of setae. Further-

0 I du ez more, the cladogram suggests evolutionary se-

new guences for characters for which the direction of
evolution was not previously proposed. For ex-
ample, the presence of a well developed cibarial
armature in most of the groups argues in favour of
the plesiomorphic nature of this state. With the
exception ofSpelaeophlebotompall the groups
lacking, or with a rudimentary armature, lie on the
terminal portion of the righ-hand branch, the mem-
bers of which show various synapomorphies.
“Cibarium unarmed” thus appears to be an
apomorphic state.

DISCUSSION

s Theodor (1948), in a detailed study of the
CH . .
o knolwn.fqr.ms pf phlebotomine sand flies proposed
on their division into four genera, two of them from
Ka Old World. The genuBhlebotomugontained the
subgeneraPhlebotomus Paraphlebotomus
AN LA 1 Synphlebotomys Larroussius Adlerius
A o '|:19v9? Euphlebotomus Anaphlebotomus Austra-
TR A = 0,391 lophlebotomusndSpelaeophlebotomu$he ge-
. A nusSergentomyiavas divided into the subgenera
T SergentomyigSintoniusandSpelaeomyia
DE New discoveries in later years led to the erec-
si tion of the new subgenerddiophlebotomusn
e Phlebotomus(Quate & Fairchild 1961), and
Parrotomyig RondanomyigGrassomyigTheodor
1958) andParvidens(Theodor & Mesghali 1964)
sm in SergentomyiaParvidenscontained three spe-
cies of uncertain position previously included in
Fig. 1: Old World Phlebotominae. Correspondence analysis (ﬁUphbetoml_JsA‘bonnenc and Minter (1965) pro-
supra-specific taxa. Plane formed by the first two axes. ADPOSed generic status f@pelaeophlebotomus
AdleriusNitzulescu 1931 ANAnaphlebotomuFheodor 1948  Hennig (1972), while deploring the inadequacy of

A;é A“S"a"’ph'.lelbommug h§°d°r 3238 CHC“;}T‘T)S Leng  many descriptions, considered the Phlebotominae
1987 DE: DemeilloniusDavidson 1 EUEuphlebotomus :
Theodor 1948GR: Grassomyia Theodor 1958 ID: as a monophyletic group composed of three mono-

Idiophlebotomuguate & Fairchild 1961 KAKasauliusLewis ~ Phyletic SUb'grOUp_S: thelgen%|eb0t0musth?
1982 LA: LarroussiusNitzulescu 193INE: Neophlebotomus genusSergentomyighe did not conclusively in-

Franca & Parrot 1920 PRaraphlebotomu$heodor 194&T: cludeParviden$, and the whole of the two genera

ParrotomyiaTheodor 195®R ParvidensTheodor & Mesghali ; ;
1964 PH:PhlebotomusRondani & Berté 184(BE : Brumptomyiaand Lutzomyia Abonnenc (1972)

Sergentomyidranca & Parrot 1928I: SintoniusNitzulescu suppor.ted Fairchilds classification (195,5)’ but
1931SM SpelacomyiZheodor 1948 SFpelaeophlebotomus recognised only the gendPalebotomugNarileya
Theodor 1948 SYSynphlebotomugheodor 1948 TR: andHertigia and adde®pelaeophlebotomund
Transphlebotomuartemiev & Neronov 1984. IdiophlebotomusRejecting the excessive division
of such a small, homogeneous group of insects, he
proposed the division d®?hlebotomusnto eight
Certain characters, hitherto considered to be g@ubgenera, based largely on chetot®hjeboto-
specific interest only may in fact have systematignus SergentomyiaParvidens Spelaeomyiand
relevance. For example, the subge@i@ssomyia  Grassomyiavere the Old World members. Lewis
andParvidensshare with New World groups the (1973, 1974) recognised Phlebotomidae as a fam-
presumably plesiomorphic character of “twoily with six genera, two in the Old World and four
groups of mesanepisternal setae”; the taxa on tiifethe New. The genuBhlebotomuswvas divided
right-hand branch of the cladogram retain only thinto 11 subgenera, af®krgentomyianto six. Re-
antero-inferior group of setae, while the groups operting to subfamily status for the entire group,
the left-hand branch have lost both groups. Theewis et al. (1977) attempted to instill a degree of
proposed phylogeny is consistent, therefore, witbtability, keeping only five genera, each contain-

AU

GR
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Fig. 2: Old World Phlebotominae. Ascending hierarchical classification. Dendrogram constructed using Jaccard’s similarity index
and clustering by median linkage. Symbols are the same as in Fig. 1.

i 4 acters of supra-specific groups of phlebotomine

oH a sand flies of the Old World, by and large, coin-

cides with traditional taxonomic opinion, but con-
ne & %F Pn/ tributes to the levels of some divisions, and to some
DE'\E, o7 \ Y e specific positions. Thus, this study generally con-

sm Gk\k ' \ o Aeno firms Theodor’s classification (1948). It supports
Q\\ et ;}-j‘ the hypothesis of generic rank assigned to the taxa
) § A Australophlebotomuysldiophlebotomus Spe-
e laeomyiaand Spelaeophlebotomusy Abonnenc
, _ o and Minter (1965), Abonnenc (1972) and Artemiev
Fig.3: Old World Phlebotominae. Most parsimonious cladogramy n4 Neronov (1984). Also, in another way, it sup-
(78 steps). Symbols are the same as in Fig. 1. Bars indicate the ia's d ) ! ! .
number of steps. ports Hennig's oubts (1972) abOl_Jt the precise
taxonomic position of the taxoRarvidens par-
ticularly as belonging to the gen8grgentomyia
Lastly, it keeps the taxdnemeilloniuswithin the

ing many taxa. The Old World genera wefee- genusSergentomyiaalthough this group and
botomusand Sergentomyiawh”e Lutzomyia Chlnluswgre. mtumvely placed on the same level.
WarileyaandBrumptomyiawere restricted to the =~ Quantitative characters, although important for
New World. Retaining this 1977 “stable” proposapdentlflpatlon, were rarely used in this numerical
of five genera, Lewis (1982) declined to recognis@nalysis. On the other hand, characters which have
generic status foSpelaeophlebotomuand little use in specific identification are sometimes
IdiophlebotomusThe genu®hlebotomushus had  Of considerable systematic value. Future studies
11 Subgenera, indudir}gasau"uswhich was de- will benefit from a clearer identification of
scribed at the time. Artemiev and Neronov (1984plesiom'orphic characters states; the identification
included 14 genera in the subfamily Phlebotomina@f the sister group would help in this analysis.

as follows: AustralophlebotomysBrumptomyia A new classification of the Old World
Demeillonius Grassomyia Hertigia, Idiophle- Phlebotomine sand flies is however proposed
botomus Lutzomyia Parvidens Phlebotomus (Table Ill). It is inevitable that this classification
PsychodopygusSergentomyiaSpelaeomyia Will be modified as new information becomes avail-
SpelaeophlebotomamdWarileya Including fos- able, especially when larval, pupal and imaginal
sil forms, Artemiev (1991) finally divided this sub- characters of both Old and New World groups are
family into 24 genera. taken into account, or even extended to encom-

Numerical analysis, applied to anatomical charPass all Psychodidae.
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TABLE I
Classification of the Old World Phlebotominae
Previous classificatiof New proposed classification
Genus IPhlebotomudkondani & Berté 1840 Genu$hlebotomuskondani & Berté 1840
. Subgenus AdleriusNitzulescu1931 . SubgenudAtileriusNitzulescu 1931
. Subgenus Anaphlebotomu¥heodor 1948 . SubgenusAbaphlebotomu¥heodor 1948
. Subgenus BAustralophlebotomu¥heodor 1948
. Subgenus Euphlebotomu3heodor 1948 . Subgenu£EBphlebotomudheodor 1948
. Subgenus Hiophlebotomu®uate & Fairchild 1961
. Subgenus BasauliusLewis 1982 . SubgenuskasauliusLewis 1982
. Subgenus ELarroussiusNitzulescu 1931 . Subgenud &rroussiusNitzulescu 1931
. Subgenus ®araphlebotomu3heodor 1948 . Subgenud@raphlebotomudheodor 1948
. Subgenus ®hlebotomudfkondani & Berté 1840 . Subgenu®filebotomuskondani & Berté 1840
. Subgenus 18pelaeophlebotomi&heodor 1948
. Subgenus 18ynphlebotomugheodor 1948 . Subgenussgnphlebotomusheodor 1948
. Subgenus 1ZransphlebotomuBrtemiev & . Subgenus BransphlebotomuArtemiev &
Neronov 1984 Neronov 1984

Genus llAustralophlebotomu$heodor 1948
Genus lllidiophlebotomu®uate & Fairchild 1961
Genus IVSpelaeophlebotomuheodor 1948

Genus lISergentomyidranca & Parrot 1920 GenusSérgentomyi&ranca & Parrot 1920
. Subgenus DemeilloniusDavidson 1980 . SubgenudDemeilloniusDavidson 1980
. Subgenus Brassomyiarheodor 1958 . Subgenusz2assomyiarheodor 1958
. Subgenus BleophlebotomuBranca & Parrot 1920 . Subgenubll@phlebotomuBranga & Parrot 1920
. Subgenus PRarrotomyiaTheodor 1958 . SubgenudP4rrotomyiaTheodor 1958
. Subgenus ParvidensTheodor & Mesghali 1964
. Subgenus 6ergentomyidranc¢a & Parrot 1920 . SubgenuSérgentomyidranca & Parrot 1920
. Subgenus 3BintoniusNitzulescu 1931 . SubgenusSttoniusNitzulescu 1931

. Subgenus 8pelaeomyidheodor 1948
Genus VISpelaeomyidheodor 1948
Genus llIChiniusLeng 1987 Genus VIChiniusLeng 1987
Incertae sediParvidensTheodor & Mesghali 1964

a: after Theodor 1948, 1958, Quate & Fairchild 1961, Theodor & Mesghali 1964, Davidson 1980, Lewis 1982 and
Leng 1987.
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