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Numerical Taxonomy of Old World Phlebotominae
(Diptera: Psychodidae).
1. Considerations of Morphological Characters in the Genus
Phlebotomus Rondani & Berté 1840
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Numerical analyses (correspondence analysis, ascending hierarchical classification, cladistic ap-
proach) were applied to the morphological characters of the adults of the BblalmtomufRkondani
& Berté 1840. They confirm the reliability of the classic classifications, and also redefine the taxonomic
and phylogenetic position of certain taxa. ThBgelaeophlebotomukheodor 1948ldiophlebotomus
Quate & Fairchild 1961 andiustralophlebotomudheodor 1948 deserve generic rank. Among the
vectors of leishmaniasis, the subgefidebotomudRkondani & Berté 1840 is probably ancient. The
results attribute an intermediate taxonomic and phylogenetic position to theupkéebotomu3heodor
1948 andAnaphlebotomudheodor 1948, and reveal the probable artificial nature of the latter. The
comparatively large numbers of species of subgearaphlebotomubheodor 19485ynphlebotomus
Theodor 1948 and, above dllarroussiusNitzulescu 1931 anddlerius Nitzulescu 1931, suggest that
they are relatively recent. The development of adult morphological characters, the validity of their use
in taxonomy and proposals for further studies are discussed.
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Taxonomy of the genuslebotomus created Numerical polythetic taxonomy simultaneously
by Rondani and Berté (Rondani 1840) andakes into account numerous characters without
emended téhlebotomudy Loew (1845), has re- according any discriminant value, using advance-
lied on a small number of adult characters considnents in information technology. Phenetic analy-
ered separately but @priori grounds given dis- sis expresses the inter-group relationships by means
criminant values (monothetic taxonomy). Duringof factorial graphs and dendrograms. Cladistic
more a century, the genus has been subdivided irdnalysis ends in the construction of cladograms,
an increasing number of subgenus (Table I). Ipermitting the erection of filiation hypotheses and
1982, Lewis subdivideBhlebotomusnto 11 sub- judgement of the direction of development of the
genera to whicbonnenciudJbeda-Ontiveros et characters.
al. 1982 andTransphlebotomug\rtemiev &

Neronov 1984 were later added. The former was MATERIALS AND METHODS_ )
synonymised witinaphlebotomu$heodor 1948 Selection of taxa For the numerical analysis,
by Lane and Alexander (1988). Some authors gaw@ecific taxa were chosen as the operational taxo-
generic rank taSpelaeophlebotomuEheodor nomic units (OTU) (Sokal & Sneath 1963). An
1948 |diophlebotomuguate & Fairchild 1961 and examination of the available specimens permitted
Australophlebotomuheodor 1948. There is someUs to select discriminant characters. Lewis (1982)
uncertainty as to the appropriate rank for these ta%@nsidered that the gen&hlebotomusRondani
and their phylogeny, and the evolutionary direc& Berté 1840 was composed of about 110 specific

tion of the characters used by systematists. ~ Or infra-specific taxa, unevenly grouped into 12
subgenera. Four arguments led to the elimination

of certain taxa from the numerical analysis: valid-

ity does not seem to be totally established on solid

bases (morphological as well as systematic); sub-
*Corresponding author. Fax: +33-4-67-63.0049. E-maifPecific position is probable; inevi'table constraints
parasito@sc.univ-montp1.fr on the coding of the characters in closely related
Received 26 March 1998 taxa; finally, and above all, a crippling imbalance
Accepted 29 July 1998 in the calculation tables caused by missing data
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TABLE |
History of the genuPhlebotomusn the literature

Numerical Taxonomy of the Genusuf’h/ebotomus * P Rispail, N Léger

Lewis et al.

1977

Abonnenc
1972

Fairchild
1955

Theodor

Nitzulescu
1931

Franca
1921

Rondani & Berté

1840

1948 - 1955

Phlebotomus Phlebotomus Phlebotomus Phlebotomus Phlebotomus

Phlebotomus

Phlebotomus?

Phlebotomus

Larroussius
Adlerius

Phlebotomus

Phlebotomus

Phlebotomus
Larroussius
Adlerius

Phlebotomus
Larroussius
Adlerius

Phlebotomus

Paraphlebotomus

Paraphlebotomus
Synphlebotomus

Sergentomyi

Synphlebotomus
Euphlebotomus

Euphlebotomus

Anaphlebotomus

Anaphlebotomus

Australophlebotomu
Spelaeophlebotomus Spelaeophlebotomus

Idiophlebotomus

Australophlebotomus

Spelaeophlebotomus

Idiophlebotomus

Genus subgenusa: includes all the Phlebotominae;not the same &8ergentomyidranga 1920, nor &ergentomyid heodor 1948.

(incomplete description, species of which only one
sex is known). Because of the latter the following
taxa were eliminatedP. (Idiophlebotomu}
sejunctusQuate 1965P. (Id.) teshiLewis 1978
and P. (Id.) tubifer Lewis & Lane 1976P.
(Australophlebotomyscuminatud.ewis & Dyce
1982,P. (Au.) buccinatorFairchild 1952P. (Au.)
papuensisFairchild 1952,P. (Au.) pexopharynx
Fairchild 1952 andP. (Au.) trifilis Quate & Quate
1967;P. (SynphlebotomikatangensiBequaert

& Walravens 1930 an®. (Sy) taylori Davidson
1982; P. (Larroussiu3 betisi Lewis & Wharton
1963, P. (La.) chadlii Rioux, Juminer & Gibily
1966,P. (La.) fantalensid_ewis, Minter & Ashford
1974 andP. (La.) mariaeRioux, Croset, Léger &
Bailly-Choumara 1974P. (Euphlebotomus
autumnalis Artemiev 1980 an@. (Eu.) caudatus
Artemiev 1979P. (Anaphlebotomysomaliensis
Abonnenc, Adam & Bailly-Choumara 1959. Since
our work begun, the female &f(L.) fantalensis
Lewis, Minter & Ashford 1974 has been described.
Three new species of the subgehasroussius
have been name#:(L.) lengiZzhang, He & Ward
1994,P.(L.) ashfordiGebre-Michael & Lane 1996
andP.(L.) mireillaeKillick-Kendrick et al. 1997.
More, P.(L.) elgonensidlgoka, Madel & Mutinga
1975 has been taken reinstated (Killick-Kendrick
et al. 1993).

Eventually 85 OTU's were retained. A prelimi-
nary cladistic analysis carried out jointly with phe-
netic analysis resulted in the establishment of the
evolutionary direction and assessment of the va-
lidity of the characters. Twenty-three characters had
to be eliminated, making the specific coding of each
of the 85 taxa impossible, therefore 26 OTU’s had
to be excluded.

Choice of characters and definition of states
The arguments of choice were: availability for all
the taxa, absence of redundancy, clear definition
of the states of characters and the stability of these
states at a taxonomic level. Quantitative charac-
ters were, for the most part, excluded because of
their variability. The description of the 85 taxa re-
quired the use of 63 characters and 176 character
states (Table II).

Numerical analysis Following the tabulation
of character states for each OTU (Table III), analy-
ses were carried out using an Olivetti M380 XP1
computer.

Phenetic analysis Programmes were devel-
oped from those of the algorithm Analyse de
Données of the software Biomeco 2.0 package
(Groupe Biométrie CEPE/CNRS, Montpellier).
Similarity tables of distance indices (Jaccard 1908)
were transformed into multidimensional scatter dia-
grams, reduced to two dimensions by factor analy-
sis, or into dendrograms, by ascending hierarchi-
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Numerical taxonomy of genighlebotomuskondani & Berté 1840 - 63 characters and their 176 states

Aa: antennal segments with two ascoids (female)
Ab
Ac: last antennal segment with two ascoids (male)

Ad: antennal papillary formula (both sexes)
Pa: longest palpal segment
Pb: presence of spatulate sensillae on the palps
Xa: presence of cibarial armature (female)

Xb

: female pharyngeal armature

Xc: anterior expension of the pharyngeal armature

(if intermediate)
Ta: anterior-inferior mesanepisternal hairs or scales
Wa: level of fork of fourth wing vein
Wh: ratio wing width/gamma
Ba: presence of a basal lobe on the coxite (#)
Bb: morphology of basal lobe

........... f

Bc: morphology of the head of a long basal lobe

Bd: location of sockets bristles on a long basal lobe ............
Be: number of bristles on basal lobe
Bf: presence of a tuft of bristles on the coxite
Bg: position of tuft of bristles on coxite
Bh: average number of bristles on the coxal tuft

Ga: morphology of style

Gh: ratio length/width of style ..........cccooeieiiiiiieee s
Gc: ratio length of coxite/length of style
Gd: presence of one or several non-deciduous bristles

on style
Ge: number of spines on style
Gf: spines on style
Gag: if five, distribution of spines on style

Gh: if three terminal and two median, distance between
basal and central SPINES ........c..eeeiiiiiiiiiiieeeee e
Gi: position of terminal spines on style if two terminal
and two median
G;j: if three, distribution of spines on style

Ca: morphology of parameres

Ch: if paramere trilobed, relative lengths of lobes
Cc: shape of apex of parameres

Cd: presence of spines on parameres
La: presence of spines on lateral lobes

Lb: if lateral lobe with spines, number of spines
Lc: ratio length of lateral lobe / length of coxite

11 - XVI (P) [0] / 111 = XV [1] / 11l - XIV [2]

: presence of two ascoids on antennal segment Il (mgikey (P) [0] / no [1]

XV (P) [0]/ XIV [1] / XIl or XIII [2] / IX, X or XI
[3]/ VIl or VIl [4]/V [5]

NI-IV-V [1] 7 1/I-1V [2] 1 11V-V [3)/ other [4]
5[0]/3[1]

no (P) [0] / yes [1]

no (or rudimentary) [0] / strong teeth (but not
arranged in a palisade) [1]

rudimentary (a few ridges) [1] / intermediate
(spines or small teeth)l [@¢veleped

(large teeth, scales) [3]

slight [1] / considerable [2]

present (P) [0] / absent [1]

ar from rm [0] / at level of rm [1]

less than 3.5 [1] / equal or greater than 4 [2]

no (P) [0] / yes [1]

large but little prominent [1] / short with few short
bristles [2] / long withitieg F3]

rounded and symmetrical [1] / narrow and
asymmetrical, curved ddamg[2)hd

asymmetrical [3]

extremity only [1] / both at the tip and the distal area
of the ventral side [2]

fewer or equal to 20 [1]/ 25 - 35 [2] / around 80 [3]

no (P) [0] / yes [1]

subapical [1] / median [2]

20 or fewer [1] /20 - 40 [2] /40 - 60 [3] / 60 - 100 [4]
/100 - 150 [5] / more tf@n 150

ovoid and short [1] / medium length, natrow [2]
cylindrical, narrow, very 88@y(m) [3]

around 3 [1]/around 4 [2]/5-7[3]/8 410 [4]
greater than 12 [5]

less than 1.5[1] / 1.5 - 2 [2] / greater than 2 [3]

no (P) [0] / yes [1]
three [3] / four [4] / five [5]
short [1] / long [2]

three terminal, two median [1] / two terminal, three

median [2]

less than distance between centraspineslistal
[1]/ equal [2] / greater [3]

. both apical [1] / one apical, one §@papical
two terminal, one median [1] / one terminal, two
median [2]
simple [1] / bilobed, with dorsal or ventra[ZJrocess
/ trilobed (two processrocese agnd one
tubercle) [3]
equal or subequal [1] / distinctly inequal [2]
rounded or pointed [1] / truncate, squared or hocked
[2] / flat and elipticalats)d8]I
no (P) [0] / yes [1]
no (P) [0] / yes (spatulate or specifically shaped
apical spines) [1].
two (exceptionally three) [1] / more than three [2]
distinctly less than 1 [1] / around 1 [2]
/ distinctly greater than 1 [3]
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Va: shape of a8deaguS ........cccceviivieiiiii i short and conical [1] / long and digififeerg [2
short, rudimentary [3] ¢ shepié [4]

Vb: if aedeagus short and conical, shape of apex ................. blunt or truncate [1] / recurved [2] / pointed [3]

Vc: if aedeagus long and digitiform, diameter of valves ...... uniform, parallel sided [1] / decreasing from base to
tip [2]

Vd: if aedeagus long and digitiform, shape of apex .............. rounded, blunt [1] / claviform [2] / with terminal

bulb [3] / pointed [4] /reanffd bifid [6]
Ve if aedeagus long and digitiform, and apex pointed,

SYMMELTY Of APEX .eeivviieiiiieiiieeeriiee e axial [1] / bilateral (bevelled) [2]
Vf. if aedeagus long and digitiform, and apex pointed
and bevelled, orientation of bevel ............cccccciiiie lateral-internal [1] / infero-internal [2] /[B&ritral

dorsal [4] / directed 9@fsupkea foot [5]
Vg if aedeagus long and digitiform, and apex bifid,

Shape Of P .eeeeeieiieee e two spiniform branches [1] / onedpiaifoine,
the other rounded [2]
Vh: presence of Spines on Penis tiPs ......cccocvvevivveriieeenieeens no (P) [0]/yes [1]
Vi: type of spines on penis tips .......c.eeveveiiiiiieeeeiiniiieee e one - three lateral subapical spines [1] /in&dio-ven

denticles [2] / dorso-apidalsd8h/ a long
lateral spine (between aettbpgtamere) [4]

Vj: if aedeagus long and digitiform, with subterminal........... less than 10 um [1] / 10 - 20 pm [2] / around
tubercle, distance of wdverafek: 25 pm [3]/
30 - 35 um [4] / greatériihafbl

Vk ratio aedeagus length/coxite length ............cccccceeviinneen. less than 0.4 [1] / 0.4 - 0.6 [2] / greater than 0.6 [3]

Fa: presence of intra-abdominal rods ............cccccceeviiiiieeennns no [0] / yes [1]

Fb: shape of genital pUMP .....ccooiiiiiiiii e small or hypotrophic [1] / normal [2] large or
hypertrophic [3]

Fc: ratio length of genital filaments/length of pump ............. lessthan 3[1]/3-5[2]/6.5-9[3]/equal or
greater than 9.5 [4]

Fd: modification of tip of genital filaments .......................... no (P) [0] / yes [1]

Sa: structure of wall of spermathecal reservoir .................... smooth [0] / superficially ornamented [1]

Sh if spermathecal reservoir ornamented, type of

OrNAMENTALION ... clearly segmented, annulate [1]dsyith fol

striations, incomplete segnj2hta
Sc if spermathecal reservoir segmented, mean
number of SEgMENLS ........ooiiiiiiiiiiiie e less than 13 [1] / 13 - 20 [2] / 21 3@9{3] /
more [4]
Sd if spermathecal reservoir segmented and mean
number of segments less than 13, number of segments ... 2 [1] /3 -6 [2]/ 7 - 12 [3]

Se: morphology of spermathecal reservoir..............ccccveeeens cylindrical, tubular [1] / conical [2] / fusiform [3] /
subspherical [4] / sacadte, giab distinctive
shape [5]

Sf: terminal segment of spermathecae...........ccccccoevcvveeeeninns undifferentiated (P) [0] / differentiated, swollen,
campanulate [1]

Sg: if spermathecae segmented, NECK ..........ccceevieiiiiiiiieennis short or absent (P) [0] / long and digitiform [1]

Sh if spermathecal reservoir smooth, shape of reservoir....... without well defined capsule or demarcation between
reservoir and duct [1] / disfivved] capsule [2]

Si: diametre of spermathecal ducts ...........cccceeviiiiiiiiniiiienenn. mostly uniform, any dilatation only at base (P) [0]
/ dilated over much of tlieiflleng

Sj: opening of spermathecal ducts ..........ccccceeeeiiiiienee e, separate [1] / by a common duct [2]

Sk: length of spermathecal ducts ...........ccccovveeiiiciiiee e, average (P) [0] / exceptionally long [1]

italics: characters secondarily rejected; (P): presumed plesiomorphic state; (#): terminology of male genitalia follows
Abonnenc (1972).

cal classification. In the latter, cluster analysis useti985), was used. This allows differentiation be-
intermediate linkage, and, in the absence of addiween occasional missing values and indetermina-
tional information, linkages at less than 50% simitions, expressing characters of which no state ap-
larity were considered as random. plies to the coded taxon. Bias introduced by con-
Cladistic analysis- The MIX algorithm centration of characters relating to a single organ
(Wagner parsimony), extracted from the PHYLIAs compensated by ascribing reduced weight to
programme, distributed by Felsenstein (1978Jependent characters. In the absence of sufficiently



TABLE llI

Numerical taxonomy of the gen&tlebotomusCharacters state matrix. Codes as in Table |

AAA PP XXX T WW BBBBBBBB GGGGGGGGG CCCC LLL VVVVVVWVVWW FFFF SSSS$SSSSSSS
abcd ab abc a ab @&@cdefgh abcdefghi j abcd alt abcd e fghijk abcd abcde fghijk
P.(Ph.)bergeroti 1001 01 03X 0 01 12XX1111 34105113XX 3210 111 11IXXXXX0XX1 0210 111310XX010
P.(Ph.)duboscqi 1001 01 03X 0 01 12XX1111 35105112XX 3110 121 11XXXXXO0OXX1 0210 111310XX010
P.(Ph.)papatasi 1001 01 03X 0 01 12XX1111 35105111XX 3210 111 11XXXXXO0OXX1 0210 111310XX010
P.(Ph.)salehi 1001 01 03X 0 01 12XX1111 35105112XX 3110 121 11XXXXX0XX1 0210 111320XX010
P.(Pa)alexandri 1001 01 03X 0 01 131120XX 122042XX2X 1X30 0X2 12XXXXX0XX1 0110 111311XX010
P.(Pa.)andrejevi 1001 01 03X 0 01 131120XX 123042XX2X 1X30 0X3 12XXXXX0XX1 0210 111211XX010
P.(Pa.)caucasicus1001 01 03X 0 01 133220XX 113042XX1X 1X30 0X3 12XXXXX0XX1 0210 111211XX010
P.(Pa.)chabaudi 1001 01 03X 0 01 131110XX 122042XX2X 1X30 O0X3 13XXXXX0XX1 0210 111311XX010
P.(Pa.jacusieli 1001 01 03X 0 01 131120XX 122042XX2X 1X30 0X3 12XXXXX0XX1 0210 111310XXO§0
P.(Pa.)kazeruni 1001 01 03X 0 01 131110XX 123042XX2X 1X30 0X3 12XXXXX0XX1 0210 111111XX030
P.(Pa.)marismortui 001 01 03X 0 01 131120XX 113042XX1X 1X30 0X2 12XXXXX0XX1 0110 111311XX0d0
P.(Pa.)mongolenss001 01 03X 0 01 131120XX 132042XX2X 1X30 0X3 12XXXXXO0XX1 0210 111211XX040
P.(Pa.)nuri 1001 01 03X 0 01 131120XX 132042XX2X 1X30 O0X3 12XXXXX0XX1 0210 111311XXO@0
P.(Pa.)saevus 1001 01 03X 0 01 132120XX 113042XX2X 1X30 0X3 12XXXXX0XX1 0210 111311XXO§0
P.(Pa.)sergenti 1001 01 03X 0 01 132110XX 113042XX1X 1X30 0X3 12XXXXX0XX1 0210 111211XXO§0
P.(Pa.)similis 1001 01 03X 0 01 131120XX 113042XX2X 1X30 O0X3 12XXXXX0XX1 0210 111311XXOQ0
P.(Sy.)ansarii 1001 01 021 0 01 131130XX 2330522XXX 1X30 0X2 11XXXXX0XX1 0210 112X1OXXO§0
P.(Sy.)celiae 1001 01 021 0 01 133110XX 2X20522XXX 1X31 0X2 11XXXXXO0OXX1 0210 111310XX0&O0
P.(Sy.)eleanorae 1001 01 03X 0 01 131110XX 2X10522XXX 1X30 0X2 11XXXXXO0XX1 0210 111310XX010
P.(Sy.)grovei 1031 01 01X 0 01 13X110XX 2XX0522XXX 1X30 O0X2 11XXXXXO0XX1 02X0 111310XX0T0
P.(Sy.)martini 1031 01 021 0 01 131110XX 2230522XXX 1X31 0X2 11XXXXX0XX1 0220 111310XXO§10
P.(Sy.)rossi 1031 01 021 0 01 133110XX 2320522XXX 1X31 0X2 11XXXXX0XX1 0220 111310XXO§0
P.(Sy)vansomerend0 31 01 021 O 01 131210XX 2330522XXX 1X30 O0X1 1I1IXXXXXO0OXX1 0210 111310XXO0410
P.(L)aculeatus 1041 01 021 0 01 OXXXX122 2320522XXX 2X10 0X2 2X141XX11X1 0220 112X101X0&0
P.(L.)ariasi 1041 01 021 0 01 OXXXX122 2320522XXX 2X10 0X2 2X12XXX0XX2 0220 112X100X0gO0
P.(L.)gibiensis 1041 01 021 0 01 OXXXX121 2320522XXX 2X10 O0X2 2X11XXXO0OXX2 0220 1113101X1§0
P.(L.)guggisbergi 1001 01 021 0 01 11XX10XX 2230522XXX 2X10 0X3 2X141XXO0XX1 0220 112X101X0zO0
P.(L.)kandelakii 1051 01 021 0 01 OXXXX121 2330522XXX 2X10 0X2 2X21XXX12X3 0220 114X101X0_3LO
P.(L.)keshishiani 1041 01 021 0 01 OXXXX121 2330522XXX 2X10 0X2 2X21XXX0XX2 0220 112X2XOX0§0
P.(L)langeroni 1021 01 021 0 01 OXXXX121 2330522XXX 2X10 O0X3 2X2421X0XX2 0220 1113101Xxo040
P.(L.)longicuspis 1041 01 021 0 01 OXXXX121 2330522XXX 2X10 O0X2 2X2423X0XX2 0220 1113101X03@0
P.(L.)longipes 1041 01 021 0 01 OXXXX122 2320522XXX 2X10 0X2 2X2424X0XX1 0220 112X101X030
P.(L.)major 1041 01 021 0 01 OXXXX122 2320522XXX 2X10 O0X2 2X13XXXO0XX2 0220 112X101X020
P.(L)neglectus 1041 01 022 0 01 OXXXX122 2330522XXX 2X10 0X2 2X13XXX0XX2 0220

112x101xo§o
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AAAAPP XXX T WW BBBBBBBB GGGGGGGGGG CCCC LLL VVVVVVWVVV FFFF SSSS$SSSSSSS
abcd ab abc a ab @&@cdefgh abcdefghi j abcd alt abcd e f ghijk abcd abcde fghijk

P.(L.)notus 1041 01 022 0 01 OXXXX122 2320522XXX 2X10 0X2 2X13XXX0XX2 0220 112X101X0§0
P.(L.)orientalis 1041 01 021 0 01 OXXXX121 2330522XXX 2X10 0X2 2X2422X0XX2 0220 1113101X0%Z0
P.(L.)pedifer 1041 01 021 0 01 OXXXX122 2320522XXX 2X10 0X2 2X2425X0XX2 0220 112X101XG10
P.(L.)perfiliewi 1001 01 021 0 01 OXXXX121 2320522XXX 2X10 O0X2 2X15XXX13X2 0220 112X101X0z0
P.(L.)perniciosus 1041 01 021 0 01 OXXXX121 2320522XXX 2X10 0X2 2X26XX10XX2 0220 1113101X0§0
P.(L.)smirnovi 1041 01 021 0 01 OXXXX122 2320522XXX 2X10 0X2 2X13XXX0XX2 0220 112X3X1X0§0
P.(L.)syriacus 1041 01 021 0 01 OXXXX123 2330522XXX 2X10 0X2 2X13XXX0XX2 0220 112X101X0§0
P.(L.)tobbi 1041 01 021 0 01 OXXXX122 2330522XXX 2X10 O0X3 2X26XX20XX2 0220 112X101X0x0
P(L)transcaucasicdis041 01 021 0 01 OXXXX121 2320522XXX 2X10 0X2 2X15XXX13X2 0220 112X101X0&0
P.(L.)wenyoni 1041 01 03X 0 01 OXXXX122 2320522XXX 2X10 0X2 2X13XXX0OXX2 0220 112X3X1X0%0
P.(L.)wui 1041 01 021 0 01 OXXXX122 2320522XXX 2X10 0X2 2X141XX0XX2 0220 112X101X0§0
P.(T.)mascittii 1001 01 03X 0 01 OXXXX122 2330522XXX 2X10 0X3 2X11XXX0XX2 0220 12XX1XXX12§
P.(Ad.)angustus 1051 01 03X 0 01 OXXXX123 2330522XXX 2X10 0X2 2X11XXX0X22 0230 12XX3XXXO0

P.(Ad)arabicus 1041 01 03X 0 01 OXXXX123 2320522XXX 2X10 O0X3 2X11XXX0X22 0230 12XX3XXX0%0
P.(Ad.)balcanicus1051 01 03X 0 01 OXXXX125 2330522XXX 2X10 0X3 2X11XXX0X22 0230 12XX3XXXO§O
P.(Ad.)brevis 1041 01 03X 0 01 OXXXX121 2320522XXX 2X10 O0X2 2X11XXX0X32 0230 12XX3XXXO0E&0
P.(Ad.)chinensis 1001 01 03X 0 01 OXXXX122 2320522XXX 2X10 O0X2 2X11XXX0X42 0230 12XX3XXX0%
P.(Ad.)comatus 1051 01 03X 0 01 OXXXX126 2330522XXX 2X10 0X2 2X11XXX0X22 0230 12XX3XXX0Z
P.(Ad.)halepensis1041 01 03X 0 01 OXXXX123 2320522XXX 2X10 0X2 2X11XXX0X22 0240 12XX3XXX0F0
P.(Ad)hindustanicu041 01 03X 0 01 OXXXX124 2320522XXX 2X10 0X3 2X11XXX0X22 0230 12XX3XXXO0

P.(Ad.)kabulensis1041 01 03X 0 01 OXXXX122 2320522XXX 2X10 0X3 2X11XXX0X22 0230 12XX3XXX00\
P.(Ad.)longiductust041 01 03X 0 01 OXXXX124 2320522XXX 2X10 O0X3 2X11XXX0X22 0240 12XX3XXXO0%0
P.(Ad.)salangensit 051 01 03X 0 01 OXXXX124 2320522XXX 2X10 0X3 2X11XXX0X22 0230 12XX3XXX0T0
P.(Ad.)sichuanenss041 01 03X 0 01 OXXXX122 2320522XXX 2X10 0X3 2X11XXX0X52 0230 12XX3XXX010
P.(Ad.)simici 1001 01 03X 0 01 OXXXX121 2320522XXX 2X10 0X2 2X11XXX0X13 0230 12XX3XXXO010
P.(Ad)turanicus 1041 01 03X 0 01 OXXXX122 2320522XXX 2X10 0X2 2X11XXX0X22 0230 12XX3XXXO010
P.(E.)argentipes 1032 01 121 0 01 OXXXXO0OXX2320522XXX 3210 0X2 11XXXXX14XX 0210 112X21XX020
P.(E.)kiangsuensid 001 01 021 0 01 OXXXXO0OXX2320522XXX 3110 0X2 11XXXXX0OXX1 0211 12XX1XXX020
P.(E)mesghali 1XX1 01 021 0 01 OXXXX0XX2320522XXX 2X20 0X2 11XXXXX14X2 0220 12XX31XX020
P.(E.)philippinensie 021 01 021 0 01 OXXXXO0OXX2320522XXX 3211 0X2 11XXXXX14X2 02X0 12XX11XX020
P.(E)tumenensis 1001 01 021 0 01 OXXXXO0OXX2320522XXX 3210 0X2 11XXXXXO0OXX2 02X0 12XX410X020
P.(E.)yunshengendi921 01 021 0 01 OXXXX123 2320522XXX 3211 O0X1 11XXXXX0OXX1 0210 111241XX010
P.(K)newsteadi 1032 01 03X 0 01 OXXXX0OXX23205213XX 2X20 O0X2 11XXXXX14X2 0210 113X11XX020
P.(An.)colabaensid X X1 01 121 0 01 OXXXX0XX123042XX2X 2X10 O0XX 13XXXXXOXXX02XX 112X200X021



114X110X021
112X310X021
12XX10XX010
12XX10XX010
12XX50XX010

I1IXXXXX14X1 02X0 O0XXX1X01021
IT1IXXXXX14X2 02XX 112X300X021
IT1IXXXXX0XX1 0320 O0OXXX1XX1021
T1IXXXXX0XX1 1220 O0XXX5XX1120

I3XXXXX14X1 0210

0X2 11XXXXXO0XX1 0220

0X2

0X1 3XXXXXX0XX10310

0X1 3XXXXXX0XX10211

0X3 11IXXXXXOXX1 1210 XXXXXXXXXX X

1X3 3XXXXXX0XX30211

0X1
0X2
0X2
0X3

OXXXX0XX232042XX2X 3210
OXXXX0OXX112032XXXX 1X20
OXXXX0OXX112032XXX1 1X20

01

0 01 OXXXXO0OXX231042XX2X 2X20
01

0 01 OXXXX122 113042XX2X 3211

1

1
1 01 OXXXXO0OXX121032XXX2 1X20

1 12 OXXXXO0OXX351142XX2X 1X10
1 12 OXXXX111 341142XX2X 2X10

01X 0 01 OXXXXO0XX2320522XXX 2X20
03X 0 01 OXXXXO0OXX113042XX1X 3211

03X 0 01
021
121
13X
13X
13X

1001 01
1021 01
1001 01
2013 01
1034 10 01X
103X 10 01X

P.(An.)rousettus 1001 01
P.(Au.)brevifiloides2011 01
P.(Au.)mackerrasi2 X X3 01
P.(Sp.)gigas

P.(An.)fortunatarumi 041 01
P.(An.)hoepplii

P.(An.)rodhaini

P.(An.)stantoni

P.(Au.)brevifilis

P.(Sp.)minteri

)
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well known fossils to determine plesiomorphy, the

supposed evolutionary direction of the greatest
number of these characters, required to root the
phylogenetic tree, was supported from studies of
other Psychodidae (Hennig 1972). The construc-
tion of Wagner diagrams (Wagner 1961) used

Manhattan distance (Legendre & Legendre 1979),
and took account simultaneously of the character
states and the distances between OTU's.

RESULTS
PHENETIC ANALYSIS

12XX20X X019
12XX10XX018

The first axis of the correspondence analysis
separates the species of the tiakaphlebotomus
Spelaeophlebotomusnd Australophlebotomus
from those of the others groups. The most impor-
tant characters in this axis are the antennal formula
in the female, the palpal formula and the morphol-
ogy of the sensillae, the presence or absence of
mesanepisternal setae, the shape of the wing, the
structure and number of spines on the style, the
presence or absence of intra-abdominal rods, and
the morphology of the spermathecae. The second
axis separateRaraphlebotomusnd Synphlebo-
tomusfrom IdiophlebotomusndSpelaeophlebo-
tomus The important characters here are the male
genital structure (basal lobe, style, paramere,
aedeagus) and the presence or absence of segmen-
tation on the spermathecae. As with the correspon-
dence analysis, ascending hierarchical classifica-
tion (Fig. 1) confirms generally accepted subgen-
era. While the subgeneric level overall is approxi-
mately 60% of similarity, the species of the sub-
genera Phlebotomus Paraphlebotomus
Synphlebotomy#\dleriusandLarroussiugoin at
a high level of similarity (70-80%). The species of
the other taxa are further one from the other.
Paraphlebotomusnd Synphlebotomusome to-
gether early, then are joined BPhlebotomusP.
(Transphlebotomysnascittiiattaches té\dlerius
before the major union witharroussius The nu-
merous distinctive characters Bf (Euphle-
botomu} yunshengensimtegrateP. (Kasauliug

I2XXXXX0XX2 1220 O0XXX5XX2010
IIXXXXX0XX2 1210 OXXX1XX101

I2XXXXX0XX2 1210
0X2 11IXXXXXO0OXX1 1220 O0XXX2XX201

0X1 4XXXXXX0XX212X0 O0OXXX5XX2010
0X2

0X2 11XXXXX0XX1 1210

1 02 OXXXXOXX341032XXX2 1X10 O0X3 2X1I3XXX0XX3 1210 O0XXX5XX2010

1 02 OXXXX121 351042XX2X 1X10
1 02 OXXXX111 351032XXX2 1X10
1 02 OXXXXO0OXX3410522XXX 1X10 O0X2
1 02 OXXXX111 351042XX2X 2X10
1 02 OXXXXO0XX351032XXX2 1X10

1 02 OXXXXOXX341132XXX1 1X10 0X2
italics: characters secondarily rejected; [X]: no state applied to the coded taxon.

X X X X X X X :
EASANARA RN newsteadinto the block ofEuphlebotomusThe
“dOoddH O three African species dfnaphlebotomugoin to
Euphlebotomuswhile the three Asiatic species are

[eNeNeoNoNoNaole]
R complgtely separate. The tax@pelaeophleboto-
% X X X X o mus IdlophlebotomusandAustralqphlebotomus
NAd—HOmaNO separate very late, at a level of similarity without
“dHdoo-oo any significance.
[cNoNoNoNoNoll|

2 ° CLADISTIC ANALYSIS - PHYLOGENETIC HYPOTH-
28 o s ESES AND DEVELOPMENT OF THE CHARACTERS
5398252 0D . . .
o2 T52 § = First phylogenetic hypothesisOn the most
§ g ss5g¢ parsimonious Wagner's tree achieved (Fig. 2), the
Eiala e e e te species of the tax&pelaeophlebotomuand
foooaona Idiophlebotomusre the first to form a group. The
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Fig. 2: 85 species of the gerneklebotomus Cladistic analysis using 63 characters and 176 states. Most parsimonious cladogram
(317 steps). Symbols are the same as in Fig. 1. Bars indicate the number of steps.

species of the subgenekastralophlebotomuand species of the brancRhlebotomusand inP.
Phlebotomugjuickly diverge from an early com- (Australophlebotomyrevifiloides However, the
mon branch. The next branch contains the specitsgk of data for the majority of the species of the
of the subgenuAnaphlebotomusThe three Afri- taxa Spelaeophlebotomuand Idiophlebotomus
can species diverge very quickly from the Asiatigprevents us from confirming that this state is re-
branch. The brancKasauliuscomes from the ally ancestral. Palps- The plesiomorphy of the
Euphlebotomubranch. The first node in the branchabsence of spatulate sensillae found only in
appearing afterwards would be a hypothetical conspelaeophlebotomasdidiophlebotomusas not
mon ancestor o8ynphlebotomuand Paraphle- been formally confirmed, but is compatible with
botomusThe terminal branches illustrate the abunthe structure of the phylogenetic tree. Palpal seg-
dant specific diversification within the subgeneranents 3 longer than the others are seen in the group
Larroussius Transphlebotomusind Adlerius  Spelaeophlebotomusldiophlebotomuswhich is
which are probably the most developed. probably ancestral. Thus this state seems to be
Evolution of the charactersOne of the major plesiomorphicCibarium- The cibarium of the fe-
interests of cladistic analysis is the consideratiomale is armed with teeth only Australophleboto-
of each character individually: definition of its musand the majority dfdiophlebotomusThe pres-
states, probable direction of development and thence of a well developed armature in the
validity of its use. To investigate this, each one ofieighbouring gener@ergentomyiandLutzomyia
the 63 characters used was followed from the rodéads us to believe that the analysis of this charac-
of the tree to its last branches. The principal corter should be done at a family levie@harynx- The
clusions from this study aré&ntennae- Accept- evolution of the pharyngeal armature seems to be
ing the presence of two ascoids on antennal seig-the direction of the development of structures
ments Il to XVI in the female, as plesiomorphicfrom simple ridges towards large teeth with for-
by analogy with the other Psychodidaeward expansion. As the most well developed state
Idiophlebotomusppears to be an ancestral grougs always found at the end of the branch, the de-
Australophlebotomuseems be very well devel- velopment of the pharyngeal armature is probably
oped andpelaeophlebotomusintermediate. On an adaptative character as, perhaps, is the cibarial
the other hand, in the male, only three species afmatureThorax- Following the examples of the
the genuddiophlebotomusshow the derivative American taxadertigia andwarileya alone within
state “absence of two ascoids on the third segmenthe genusPhlebotomusthe species of the taxa
a condition which disagrees with that of the anterSpelaeophlebotomundIidiophlebotomuslo not
nal formula in the female, diminishing the cladis-have an antero-inferior cluster of mesanepisternal
tic interest of this character. The papillary formuldristles or scales. If one considers these groups as
of the antennae 1/I1l-1V-V occurs only in the fourmore primitive than the others, the hypothesis of a
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development towards the disappearance of thisvel out. This hypothesis would reinforce that of
cluster must be submitted to further investigatiora simple, generally long, ancestral paramere.
In fact the discussion essentially concerns whethéredeagus The short conical aedeagus present in
or not these two taxa belong in the gemide- the majority of the groups is perhaps a
botomusWings- In Spelaeophlebotomtise fourth plesiomorphic character. The rudimentary
vein (M1+M2) branches at the level of theaedeagus oAustralophlebotomusthe long
radio-medial (rm). In all the other taxa, this brancldigitiform penis ol arroussiusTransphlebotomus

is more or less distant from rm. Relatively shorAdlerius and ofP. (Id.) erebicolus and the dis-
and wide wings are characteristic of the primitiveinctive valves ofP. (Id.) frondifer could be con-
groups, and the hypothesis of evolutionary lengttsidered as developed states. A short conical, blunt
ening of “gamma” seems to be verified. A ratictipped aedeagus is probably the ancestral shape.
“width of wing/gamma” equal to or greater than 4Development seems to have been either towards a
is apparently an ancestral character present in tharved extremity (most d?araphlebotomuspart

taxa Spelaeophlebotomuend Idiophlebotomus  of Idiophlebotomusor, more rarely, towards a
Coxites- The coxites have a basal lobe inftide-  clearly pointed extremity. Spicules, denticules or
botomus and the wholeSynphlebotomus spines on the tips are only found at the end of the
Paraphlebotomugomplex. Its origin might be branches in the subgenefmaphlebotomus
separate in these two groups. It is plausible th&uphlebotomusKasaulius and Larroussius

this is a synapomorphic state. On the other hanbhtra-abdominal rods Intra-abdominal rods are
the absence of a cluster of bristles on the coxitnly present on the ancestral brasgelaeophle-
seems to be a plesiomorphic state. These coxadtomus- Idiophlebotomuselsewhere, they also
bristles are sub-apical in the groups which seem txist in the genugVarileyawhich is probably an

be the oldest3pelaeophlebotomulsliophleboto- ancient Neotropical group and favours the
musandPhlebotomuy The presence of the coxal plesiomorphy of this state.

bristles, their medial position and increasing num- Genital pump and filaments Exceptionally
bers of bristles are apparently developed statesmall or large genital pumps are apomorphic states.
Styles- A very long and narrow cylindrical style Development was presumably through the progres-
in Spelaeophlebotomusdiophlebotomusand sive increase in the ratio length of genital fila-
Phlebotomuss probably a plesiomorphic charac-ments / length of the pump. From the ancestral state
ter. The styles oPhlebotomiteandWarileyaare “less than 3", it increases to “3-5” lrarroussius
similar in shape. Furthermore, the morphology ond Transphlebotomyso “6.5-9” then *“greater

the styles clearly contributes to the separation dhan 9.5” inAdlerius Lateral lobes -The absence
Anaphlebotomusgnto two groups, one African, of spines on the lateral lobes is confirmed as a
with wide styles of medium length, the other Asiplesiomorphic state. The apomorphic state only
atic with short ovoid styles. This short ovoid styleconcerns the apical spatulate spineflotboto-
found in Australophlebotomusthe Asiatic mus The number of spines increases from two in
AnaphlebotomuandParaphlebotomuss probably P. bergerotiandP. papatasio more than three in

an apomorphic state. This synapomorphy is posd® duboscqandP. salehi Spermathecae Cylin-

bly a case of parallel evolution of a functional chardrical spermathecae seem to be ancestral. The pres-
acter. The number of spines on the styles is a veence of ornamentation on the reservoir wall of the
important character for identification. Its evolution-spermathecae is exclusive to the developed groups:
ary significance is more questionable, but the hyanly the taxeSpelaeophlebotomukliophleboto-
pothesis of development towards a reduction in thmusandAnaphlebotomusontain the species with
number and terminalisation of these spines, bgymooth spermathecae. In these groups, the evolu-
analogy with other Psychodidae, is plausible. Typiion from smooth, poorly defined spermathecae
cal synapomorphy, only the four species of the sulewards spermathecae with a well defined capsule
genusPhlebotomushave small spinesPara- cannot be confirmed. In the species with orna-
meres While all the species of each subgenus haveented spermathecae, clear segmentation has pro-
the same type of paramere, the development of trgsessively diminished. The overall development
character still remains undetermined. The phylowould, therefore, be from the smooth spermath-
genetic reconstruction is not incompatible with thecae to the clearly segmented spermathecae and
hypothesis of a simple ancestral paramere, artden to the pleated or ridged spermathecae. The
probably reflects the adaptation of this functionaseparate opening of the spermathecae ducts is a
character. In the development of a trilobe paramerplesiomorphic character. Common ducts occur at
one of the lobes appears originally to be clearlthe end of the branches: . (Sp) gigas
longer than the other two, and the respective lengtédsaphlebotomysKasauliusand Euphlebotomus

of the three lobes apparently have a tendency (exceptP. yunshengengis. (T.) mascittiiand the
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Fig. 3: 59 species of the genRBlebotomusCladistic analysis using 40 characters and 102 states. Most parsimonious cladogram
(163 steps). Symbols are the same as in Fig. 1. Bars indicate the number of steps. Elimination of certain characters prevent:
discrimination between certain taxa(Ph.) bergerotandP.(Ph.) papatasiP.(Pa.) andrejeviP.(Pa.) mongolensi$.(Pa.) nurj

P.(Pa.) similisandP.(Pa.) saevusP.(Sy.) rossandP.(Sy.) martini P.(L.) aculeatusP.(L.) transcaucasicuandP.(L.) perfiliewi

P.(L.) langeronjP.(L.) longicuspisP.(L.) longipesP.(L.) orientalis P.(L.) pediferP.(L.) tobbiandP.(L.) perniciosusP.(L.) neglectus

P.(L.) notusP.(L.) syriacusP.(L.) wuiandP.(L.) major, P.(Ad.) angusty$>.(Ad.) balcanicusP.(Ad.) comatud.(Ad.) hindustanicys

P.(Ad.) kabulensj.(Ad.) salangensj$.(Ad.) turanicusandP.(Ad.) arabicusP.(Ad.) halepensiandP.(Ad.) longiductus

major group within the subgenusarroussius It
must be noted that the demonstration of this state DISCUSSION
requires delicate dissection and it is not possible Characters used and methodologin future
to be sure that this has been carried out with all thtadistic analysis, greater selectivity of characters
species. Moreover, within the gerRisiebotomus  is required, although the problem of separation of
exceptionally long ducts are a synapomorphy ahe closely related species will then become acute.
the subgenu&naphlebotomusCylindrical sper- Because of the taxonomic and phylogenetic im-
mathecae, without ornamentation, and with ductsortance of each group of characters, this choice
of uniform diameter opening separately are, theravould have to be reasoned and very prudent. De-
fore, very likely to be close to the ancestrakpite the technical balancing carried out, the char-
spermathecal structure of the group. acters probably do not carry equal weighting in
Second hypothesisThis analysis of the char- the analysis. Thus, the probably adaptative char-
acters has led to the abolition (or in one case thgters should be accorded lesser evolutionary
regrouping) of certain characters. This reductioeighting. On the basis of their supposed devel-
in the number of 63 characters to 40, subdivisegoment in related groups or at the level of the fam-
into 102 states, brings the number of individuaily, certain character states were considerpdori
species considered to 59. Despite this loss of daig ancestral. Some of these “postulats” were clearly
at the specific level, the overall structure of the neynyalidated by the cladistic analysis and the study
phylogenetic tree is not seriously altered (Fig. 3bf the characters within the genus. In order to root
Therefore the abolished characters have little iRhe phyletic tree, it is therefore necessary to limit
fluence on the first phylogenetic hypothesis. Somge plesiomorphies at the beginning of the cladis-
noticeable differences are, however, to be foungc process, to those firmly established at the level
The taxaSpelaeophlebotomutdiophlebotomus o the family. In fact a study limited to the species
ar]<_jAustralophlebotomusonsntute one of the two f the genusPhlebotomuscan only give a very
initial branches of the tree. All of the known vecarig| insight into the development of certain char-
tor species of leishmaniasis are s[tuated onthe othgliars in the Phlebotominae or in the Psychodidae
branch. The brandhhlebotomusrises very early. 55 5 whole. It s, therefore, essential to extend this
Anaphlebotomusmerges froruphlebotomus 4y tg other genera. Elsewhere, without hypoth-

two distinct branches. The subgenera which argsizin ; ; :
g plesiomorphies, the rooting of the tree by
probably the most developeslynphlebotomuesnd using of an outgroup such Ssrgentomyiar an-

ParaphlebotomughenLarroussius Transphlebo- other closely related Psychodid should be tried.

tomusandAdlerius divide up in the same way as™ 1.+ Jiomv and phylogenyThe methods of
on the previous tree. y y y
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numerical analysis confirm the soundness of clast is probably linked toAustralophlebotomusA
sical classifications, while refining the taxonomiccertain number of characters shared with the known
levels. fossil species (morphology of the styles, grouping
Spelaeophlebotomuand Idiophlebotomus  of the spines, etc.) support this hypothesis. The
Whilst excluded from the genthlebotomudly  short spines on the styles and the spines on the lat-
some authors (Abonnenc 1972, Artemiev &eral lobes are distinctive and probably apomorphic
Neronov 1984), these two taxa are retained as suthraracters. Two other apomorphic characters, the
genera by others (Lewis et al. 1977, Lewis 1982mall basal lobes and sub-apical group of bristles
in the interests of stability. The phenetic classifion the coxites, have a questionable taxonomic
cations, factorial analysis or ascending hierarchisalue, as their homology with those of more ad-
cal classifications, show a large distance betweeranced groups requires further study.
these two groups and the other subgenera. Also, Euphlebotomusand Kasaulius- The inter-
the phylogenetic hypotheses show them to emergeecific distances within this group are compara-
precociously on a separate branch. The absencetiotly large. As several distinctive character®of
spatulate sensillae on the palps, a ratio width ¢K.) newstead{shape of the halteres, length of the
wing/gamma greater or equal to 4, and the loniggs, etc.) have not been taken into account, it is
cylindrical styles are ancestral characters commadmpossible totally to isolate this species from
to the species of these two taxa. They all posseBsiphlebotomuand, therefore, formally justify the
three characters for which the developmental dereation of the subgenu&sauliusLewis 1982.
rection remains to be determined: long third padhe position of the two subgenera on the various
pal segments, absence of mesanepisternal setae, eiladlograms suggests they are relatively ancient.
presence of intra-abdominal rods. Moreover Anaphlebotomus Specific characters clearly
Spelaeophlebotomimas an unarmed cibarium andsplit Anaphlebotomuiito two groups, one Asian,
a short gamma, probably plesiomorphic stateshe other African. The latter includeB.
Furthermore, is the presence of only four spine®rtunatarum which is native in the Canary Islands.
on the styles, compensated for by a non deciduolrs fact, the phenetic analysis reveals the probable
bristle, really a developed state? Most of the speutificial character of the subgenus. Cladistic analy-
cies of the groupdiophlebotomudave a cibarial sis indicates that this is relatively ancient subge-
armature. The coxites of some species also havenas. Despite its lack of unity, it still seems to be
group of bristles the sub-apical position of whickthe central region of the evolution of the genus.
is probably ancestral. Their respective position oiihe relatively developed level of the group is, how-
the graphs, dendrograms or cladograms, as well ager, emphasised by the morphology of the styles
the detailed study of their characters, lead us {@specially in the Asiatic species), by the presence
believe thatSpelaeophlebotomuasnd Idiophle-  of four spines (except iR fortunatarun), and also
botomusmerit generic rank. by the existence of exceptionally long spermathecal
Australophlebotomus As with the last two, ducts which join to form a common duct.
this subgenus clearly separates from the rest of the Paraphlebotomusnd Synphlebotomus The
genusPhlebotomusPhenetic analysis always po-phenetic analysis places these closely related sub-
sitions it at a distance from the genus cluster, or @genera near the subgenBblebotomusOn the
aisolated branch of the dendrogram. Initially linkeather hand, the cladistic analysis situates them
to the subgenuPhlebotomusit joins Spelaeo- among the more highly evolved taxa, with recent
phlebotomusand Idiophlebotomuson the same speciation. The presence of long basal lobes with
branch of the cladogram, after the elimination ofong bristles and the presence of spatulate tips to
certain characters. In the possession of long palple parameres are developed characters common
segments 5 and some mesanepisternal bristlés,them both. But the subgenBaraphlebotomus
Australophlebotomus is distinct from seems to have evolved separately, developing gen-
Spelaeophlebotomuand IdiophlebotomusFur-  erally short ovoid styles, with only four spines.
thermore, they have a number of characters in a Larroussius TransphlebotomuandAdlerius-
developed state: female antennal formula, spat@he phenetic proximity of these three subgenera
late palpal sensillae, short ovoid styles with three well established and the proliferation of the spe-
spines, etc. Their phenetic distance from the othefes within them is probably recent. While it is dif-
subgenera and the distinctive development of facult to confirm the validity of the subgenus
number of the characters makaestralophleboto- Transphlebotomuartemiev & Neronov 1984, the
musa clearly separate group which probably mertaxaP. mascittiandP. canaaniticusprobably sub-
its generic rank. species, seem closerAdleriusthanLarroussius
Phlebotomus This taxon (only four species) Their separation appears to be later than that of
is placed amongst the more primitive subgeneraarroussiusjust before the appearancedofierius
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