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ABSTRACT

Phylogenetic relationships in the genus Psorophevare examined based on a cladistic analysis of 66
morphological characters (fourth instar larvae, @g males and females) of 29 species available ftwm45
species reported in the genus, representing theetsubgenera. The ingroup species were: five Psorap(10 spp
total, 50%), seven Grabhamia (15 spp total, 47%Q &awelve Janthinosoma (20 spp total, 60%). Two dhili
genera (Culex and Toxorhynchites), two Aedini ger{@&edes and Haemagogus), and one Mansoniini (Maakso
were used as outgroups and sister groups respégtideparsimony analysis using TNT resulted in rEkg, each
with 164 steps (Cl = 0.66 and Rl = 0.83). The as@yndicated that Aedini (Haemagogus, Aedes amddphora),
is monophyletic group that includes Mansonia ttils (Mansoniini), suggesting natural inclusion loé tMansoniini
tribe into Aedini. The genus Psorophora is monogtity] supported by 3 synapomorphies: larvae witbspnce of
trident-like scales in segment VIII; female withgte and sternum VIII with rod-like structure and lmayenitalia
with few teeth on the sternite process on segmeifith¥ current subgeneric classification was valkhby our
results. The clades representing the subgeneradpbara, Grabhamia and Janthinosoma were supportetbbr,
three and two synapomorphies respectively. Howenithin Grabhamia and Janthinosoma, internal polgtes
were observed leaving the internal evolutionanatieinships unresolved.
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INTRODUCTION

Mosquitoes (Diptera: Culicidae) play an importasieras vectors of different pathogens, like arhaseés that cause
dengue, yellow fever, equine encephalitis, Mayand ather emerging diseases. Venezuelan equine lesidep
virus (VEEV) has caused several epizoodemics inttoo North America and South America [1-4]. Theirma
epizootic vectors of VEEV include a wide range obsquitoes that feed on mammakedes Mansonia and
Psorophora Species o€ulex (Melanoconiongpp. are reported as enzootic vectors [5]. L&sorophora confinnis
(Lynch Arribalzaga) andAedestaeniorhynchugWiedemann) have been reported infected and asep&ootic
VEEV vectors [6], while Ae taeniorhynchushas been involved in natural and experimental camlemic
transmission [1, 7-9]. OtheiRsorophoraspecies are probably also involved in epizoo@msmission [5,10], but
also several species Bsorophorahas been implicated as vectors of Wyeomyia vikasCrosse virus and other
arboviruses [11].

The genus$’sorophorais comprised by 45 species, subdivided in the snbgGrabhamia(15 spp.)Janthinosoma
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(20 spp.) andPsorophora(10 spp.), distributed from the south of Canadargentina. [12-14].

John Belkin and others [15; p. 116] on revisiontaf Culicidae of Jamaica, stated théte' have encountered more
problems in studying Psorophora that with any otgenus primarily because of the very confused taxgnof the
group and the paucity of material, particularly ithe subgenus Janthinosoma. It appears that undiignoe has
been placed on similarity in male genitalia whichshresulted in unwarranted extensive synonymy etisp
frequently well characterized in the larvae or papar even in adult ornamentation. Distinctive featuin the
immature stages are not always easily found becafisery pronounced individual variation in chaetey. The
male genitalia appear to be extremely similar innpéorms in the subgenera Janthinosoma and Grabdéami

Recently, some papers focused on the misguidediuaatapomorphic characters to define or creatertamic
hierarchies in the past. The consequence of thistipe and the use of non-explicit methods is tleat@on of non-
natural (paraphyletic) classifications that comgtiés the handling of identification keys and hitles probable
evolutionary relationships of the groups (e.g régdi6]). Such use has been demonstrated and raéso taxa and
hierarchic arrangements have been proposed byoaitect use of cladistic methods in Sabethini [1],Qilicini

[19], and Anophelinae [20] using cladistic analydig the contrast others have been creating corfusew taxa
using an incorrect interpretation of this explitiethod [21].

Phylogenetic Systematics in Culicidae: The phylogenetic relationships in Culicidae have been examined
rigorously, due, among other things, to the higlediity with more than 3000 species worldwide, uahg 969
Neotropical species [12, 22]. However Faran [23] &aran & Linthicum [24] approached mosquito phgiog,
particularly on the subgenudyssorhynchusf Anopheles but without use cladistic methods. Later, cladist
methods were used with chromosomes Amopheles(Cellia) [25], Aedini tribe Haemagogus Aedes and
Psorophora using rDNA-ITS [26], forAnopheles gambia&iles [26], the Pipiens complex @fulexL., both with
rDNA (ITS 1&2) [28], also using the white gene fsme genera of Culicidae [29], with the Australfamopheles
(mtDNA) [30], and [31] with infragroups daZulex(Melanoconion)with rDNA (ITS-2).

On the other hand, using cladistics and morphosdgigidence, [17] proposed evolutionary trendshef $abethini.
Then, [32] showed the first approach for the fan@iylicidae. Later [33], focusing on the Series Rypborus of
Anophelesusing pupal and adult characters (particularlyféraale cibarial armature). Recently, Navarro &idir
[19] focused on 18 Neotropical Culicini speciesngdiarval mouthpart characters, and demonstratdnitmophyly
of the genusCulex and reduce the genu3einoceritessubgenus ofCulex Sallum et al. [20] focused on 64
Anophelinae species and reduced Amophelessubgenera to 3 taxa. Finally, Harbach & Peytor] f¥8ated the
genusOnirion (Sabethini) without using the characters of thesecnine genitalia and with the information presente
in previous work [32]. Later, Reinert et al. [2b] ihcrease the Aedini genera, however that propusat been not
accepted by many authors and editors becauseattiet of cladistic support. Recently, [34] in a saviof Culicidae
taxonomy, classification and phylogeny, conclude®Z9) ‘that the application of explicit methods of phylogic
analysis is revealing weaknesses in the traditiariabsification of mosquitoes, but there is stranigt intuitive
interpretation because the explicit methodologgmftonfirms the monophyly of mosquito taxonomiaigscthat
are diagnosed by unique combinations of charactefsirtthermore [35], using characters from all §fages coded
for 270 Aedini species, including non-aedine genasaoutgroup. However, those authors underweigbh hi
homoplasic characters to produce phylogenetic lingsi$é, and culminate discussing groups (generehev
validation based on clades that are supported iifatk frequencies) by values 40, or slightly lower values in a
few cases.

The internal relationships iRsorophorahave only been studied in the context of pheneticglobal similarity by
Hendrickson & Sokal [36], including 29 species ofili€idae: 15 of Psorophora (subgeneraPsorophora
Grabhamiaand Janthinosompand 14 ofAedes Using 158 adult characters, [36] consider (p.396at the 3
subgenera of Psorophora are lumped in a single gesmply by a historical accident. The 3 subgerssram quite
far from one another phenetically and are as closeloser to various members of the genus Aedeas tihaach
other” Furthermore Wesson et al. [26] using ITS-rDNA hvifedes (Stegomyia), Ae. (Protomacleaya), Ae.
(Aedimorphus)HaemagogusndPsorophora showed a neighbor-joining tree whétsorophora feroxs placed in
the same group witBe.(Pro.) triseriatus(Say) and separate froAgy. mesodentatusomp & Kumm.Wesson et al.
stated that (p.266)Both evolutionary analysis methods grouped theetMew World species separated from the
other four Aedes species (representing the Stegomgtd Aedimorphus subgenera), thus distinguishirg A
triseriatus from the others in the genus. The sirties among these three species suggest a coramauationary
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origin”. However, Harbach & Kitching [32] considéwe. triseriatusand other species to be possibly more closely
related toHaemagogusthan to any other genus, and they also pointedaostmplification due to so many
uncertainties in the taxonomic status idedes and the few number of species used in the arsafy@in Wesson et
al.. Harbach & Kitching [32] did not make any irdece regarding the relationships amé&sgprophoraand the rest

of the Aedini speciesArmigeres Udaya EretmapoditesHeizmannia Opifex and Zeugnomyia all of the Old
World, or the worldwide distributededesor the New WorldHaemagogusPsorophorais placed in an unresolved
node with Aedesand Opifex Later on, the clade dPsorophora+ (Coquilletidia + Mansonia= Mansoniini) is
supported by two synapomorphies, and these augiais that is regrettable that taxonomic studieBsafrophora
are not available, suggesting that an exhaustwisiom of this genus.

Considering the limitations of phenetics in evauafirily informative classifications [37], our aimaw to test the
Hendricks and Sokal proposal [36] using a cladistethods and to infer the internal relationshipthiwithe genus
Psorophora using all morphological evidence available ancuding new characters, to propose an evolutionary
hypothesis of the genus.

MATERIALSAND METHODS

Source of specimens and taxa: twenty-nine species were examined. These belonbetdhree subgenera of the
genusPsorophora(Psorophora Grabhamiaand Janthinosomp two additional species of AedinRe. serratus
(Theobald) Haemagogus celesigyar & Nufiez-Tovar, one species of MansoniMansoniatitillans (Walker), and
two species of CuliciniCx. coronatorDyar & Knab andlroxorhynchites theobaldDyar & Knab). The species used
are listed in Table 1.

We used specimens from collections of National Mus®f Natural History - Smithsonian Institution,daratorio
de Morfologia de Insectos (DERM) and LaboratoridBitdogia de Vectores (see [12,22]).

Selection of characters and cladistic analysis: Sixty-six characters from three life stages werduded in the
analysis (Table 2): 21 from fourth-instar larvago tfrom pupae and 43 from adults (including 12 @flengenitalia
and three of female). The gené&alexandToxorhynchitesvere chosen as outgroup to root the tragsported by
the sister relationships dfsorophorareported by [32]Ae. serratusHg. celeste andMa. titillans were used as
ingroup (sister) in agreement with the currentlgegated classifications.

The 66 characters were codified 44 as binary and=2fhultistate. All characters were initially tregitas equally
weight and unordered. Characters not determinesh@or more taxa were scored as missing (?). Clessawere
scored based on recent nomenclature [38-40]. Wevfel the subgeneric nomenclature of Reinert [ai,not the
proposed generic classification of Aedini [21] hexa we do not agree with their cladistic intergietaof the
classification due the weakness that explainederiritroduction.

The unweighted character data set (Table 2) walyzsthunder the parsimony criterion using the TNdgoam

[42] to search for the most parsimonious cladogramsig the heuristic strategy [37,43]: Wagner gregth 100
random taxa sequence additions (mult*100), and Bisection and Reconnection (TBR) at each groupess (25

for each replication or hold/25) and all the moatgimonious trees were retained in memory. Thesestwere
displayed (using WINCLADA [44]) with synapomorphjeautapomorphies and homoplasies; subsequently the
consistency and retention indices were calculabecefich character and tree. Support for individual derived
branches was evaluated by Jackknifing and Bootgingp[37,45,46] calculated by 1,000 pseudoreplacetj and
heuristic searches employed with TBR branch-swappiand 25 random-addition replications per
bootstrap/jackknife pseudoreplicate, after deletintapomorphic characters [47].

RESULTSAND DISCUSSION
Morphological characters:
Larval Characters(Fourth Instar, L 4)
1. Antenna:Shorter than head, without surpassing their amdy@arder (0); shorter than head, surpassing their
anterior border (1); longer than head (2).

In [48-50], the most widespread condition withinliCidae are antennas thin and shorter than hegghssing the
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anterior border (e.gAedes serratusnd Haemagogus celegterepresenting an exception the genkfansonia
CoquillettidiaandAedomyiawhich the antenna is thicker and longer than cépbapsule, and in species Gfilex
(Melanoconiol which the antennas are thin and longer than hi@athe larval cephalic tagma of strict predators
species:Culex (Lutzia) halifaxii Aedes (Mucidus) paineiToxorhynchites brevipalpisTx. splendensand Tx.
inornatus, all these taxa the antenna are shorter withoutassipg their anterior border of head [4%he last
character state also occurs in some Neotropicaiaspee.g.,Tx. portoricensis, Tx. haemorrhoidalis superbus, Tx
guadeloupensis, Tx. theobaldi, Cx. (Lut.) bigoticAoprosopon digitatum, Runchomyia frontoaad Johnbelkinia
longipes[15,48].

2. Antenna:Thin (0); thick (1).

3. Mandible: Posterior dorsal tooth (PDT) absent (0); with twaoi@ teeth (1); with several accessory teeth (2).

In his study, [51] did not show the posterior dotsmth in his figures of the genera of Culiciddtowever, he
points out that the posterior dorsal tooth candmhed or modified. Subsequently, [38] showed tBg h Cx.
(Cux.) pipiens, Ae. (Och.) taeniorhynchaisd An. (Ano.) crucianswithout any comparative discussion of the
structure.ln a recent work [52,53] and [19] report this stuwe for 18 species of Culicini (gen@ulexincluding
Deinocerite$, highlighting the phylogenetic importance of thizaracter. And [54] show the mandible and PDT for
12 Psorophoraspeciesconcluding that several accessory teeth occur lgeseralanthinosomaand Grabhamia
while in subgenu®sorophorathe posterior dorsal tooth is absent.

4. Mandible: Mandibular comb (MnC) absent (0); with short filame (1); with long filaments (2). In all genera of
Culicidae [51], except foranotaeniaand predatory species (e.Bsorophoras. str., Culexsubgenud.utzia,and
the genusToxorhynchites)have a mandibular combLater, [19] and [53] found great variation of phylogenetic
value in the development of the mandibular combthia Culex subgeneraCulex Melanoconion Carrollia,
Microculex Phenacomyia,and Anoedioporpa In the present study, the mandibular comb ofcigse of
JanthinosomandGrabhamiahas long and thin filaments (similar to thoseMansonia titillang, while it has long
and thick filaments ire. serratusandHg. celesteAccording to [51], the MnC in Aedini of the genekamigeres
EretmapoditesOpifex Udaya andZeugnomyias comprised of long and thick filaments.

5. Mandible:MnC absent (0); formed by thin filaments (1); foar®y thick filaments (2).

6. Mandible: Mandibular rake blade (MRB) absent (0); present (1)

The mandibular rake blade it is extremely varighlsize [51], and usually serrate and larger thamtnal tooth. In
predator species e.gx. (Lutzia) bigotiandAe. (Mucidus) alternanthe MRBis reduced, while ifTx. theobaldand
subgenug’sorophorais absentThis structure occurs iHg. celeste, Ae. serratus, Cx. coronator, Ma. titillaRs.
(Jan.) sp.and Ps (Gra.) sp.[19,51]. Then [54] also report the MRB for the spscof Psorophora showing
differences betweedanthinosoma(single) andGrabhamia(double). The double MRB has been showed for the
subgener®einocerites, Melanoconion, AnoedioporgadMicroculexof Culex[19].

7. Mandible Mandibular Rake (MnR) absent (0); present (1).

The MnR is not presented in predator species Bxg.theobaldiand Psorophora (Psorophorajexcept forAe.
(Muc.) sp.andCx. (Lut.) sp], while the rest of the studied Culicidadd. titillans, Hg. celeste, Cx. coronator, Ae.
serratus, Ps. (Jan.) spnd Ps(Gra.) sp] it is very variable in size and shape [19,51,53,55]

8. Mandible: Mandibular lobe (MnL) absent (0); without spicubasd not sclerotized (1); with spicules and strongly
sclerotized (2).

Within subgenera oAnopheles[56] indicate differences amorKgrteszia AnophelesandNyssorhynchydater on
Culex a large shape variety in this structure is regabfil9], e.g.Culex (Deinocerites) spt is very lengthened, in
the predator specieSx. (Lutzia) sp.is reduced, and in th€oxorhynchitesspecies is absent. Into the predators
species oPsorophora(subgenu$’sorophorg, the MnL is reduced, sclerotized and with spisulEhis observation
was corroborated by [54] féts howardii and[55] for Ps. ciliata.

9. Maxilla: Galeastipital stem (GSS) absent (0); present (1).

10. Maxilla: 4-Mx shorter than MxBo (0)pnger than MxBo (1).
In a Culicidae maxillae descriptions, [57] repdre t4-Mx very long (almost the length of the maxifldoody:
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MxBo) and sclerotized forAedomyia, Hodgesia, Mimomyia, Mansonia, Coquitlétti Phoniomyiaand Sabethes
In the remaining taxa (includingsorophorg, the 4-Mx is variable in size (but never longrttebove genera) being
an exceptional taxAnophelesBironella andChagasia which it is reduced.

11. Maxilla: 4-Mx thin (0); thick (1).

12. Maxilla: 1-Mx a single sensor (Qtouble sensors (1).

A single sensor (or filament) occurs iRsorophora OrthopodomyiaandPhoniomyia In species oAe (Mucidus.)
Opifexand Limatus,the double of sensors are fugé@]. In Anopheles[56] shown two sensors for the subgenera.
In addition, the last authors reports differences thie length of 1-Mx amonderteszia Anophelesand
NyssorhynchusThe same variations was stated by [53] witBarrollia subgenus o€ulex We have observed two
sensors are present #s. (Jan.) cyanesceasd the species &fs. (Psorophora)in the reference taxdja. titillans,

Hg. celeste, Ae. serratamd Tx. theobaldithe setae 1-Mx is comprised by double sensors.

13. Maxilla: Maxillary body (MxBo) as long as wide (0); longéian wide (1).

In a Culicidae maxillae descriptions, [57] repdras long as wide in most of the taxa, being areption the genera
Aedomyia, Hodgesia, Mimomyia, Mansoaiad Coquillettidia where is longer than wide. Later, [19] find thiitst
character is shared in the subgener&uwfx Anoedioporpa, Microculex, MelanoconiamdDeinocerites being the
maxillary body more than twice the width of its bas

14. Maxilla: Maxillar spiculose area (MSpA) absent (0); prégéh

According to [57] in the Culicidae gener&hagasia, Bironella, Anopheles, Aedes, Udaya, Cul®pomyia,
Malaya andMaorigoeldig these spicules occurs in the border of the nayibody. Within different subgenera in
Culexthe spicules number represent numerous homoplH®ésin Psorophora the spicules are present in some
species of the subgendanthinosoma: Ps. albipes, Ps. ferox, Ps. cyanesces. lutzii, Ps. melanotand Ps.
discrucians,and Grabhamia: Ps. columbiae, Ps. confinnis, Ps. jamasisand Ps. pygmaeadn all the species of
Psorophoras.str. are absent. Finally, the MSpA occursfia serratusandCx. coronatowhile in Tx. theobaldiand
Ma. titillans is absent.

15. Dorsomental teeth (DmTWith four teeth (0); with 7-8 teeth (1); with meothan 11 teeth (2).

The dorsomental teeth (DmT), is shared in larva®iptera-Nematocera, with a serrate border in dostum,
some authors [15,38,49,50,58] showed the dorsomefdind DmT) in different taxa. This character seembe
variable in number of teeth in the genekades Culex Uranotaenig Sabethini asWyeomyia(New World),
Tripteroidesand Maorigoeldia (Old World), and few ones iAnophelesMansonia Coquilletidia, Mimomyig and
Aedomyia

16. Labiohypopharynxtabial palpal sensors (LPS3 and LPS4) long (0)rtd19.

17. Labiohypopharynxtateral premental teeth (LPT) developed (0); nateteped (1).
18. LabiohypopharynxSuperlingua (SI) present (0); absent (1).

19. LabiohypopharynxPremental sensory (PS) not developed (0); develfped

20. LabiohypopharynxVentral premental processes (VPP) absent (O)n@dmt, with scales shape (1); not very
abundant, with teeth shape (2).

The VPP are absent ieizmaniaandToxorhynchitesin some AediniOpifex EretmapoditesZeugnomyiaUdayg
Armigeres AedesandHaemagogusare very abundant with scales shape. In thewaytsorophoraandMansonia

are not very abundant. IAe serratusand Hg. celestea typical VVP showed scales shape, nevertheless in
PsorophoraCx. coronatorandMa. titillans was tooth type and not very numerous

21. VIIl abdominal segmentCombs without three-dentate scales, comprised digigle and central spine (0); with
three-dentate scales (1).

The three-dentate scales in the comb of VIII isemidported in [15,48,49,54], for mosquitoes of KHokmerican,
Neotropical, South Pacific and Jamaica respectiielgomparison with the other genera of Culicidbeifg the
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only exception Ae(Stegomyia) aegyptihere the comb scales are lightly similadh our study, all the species of
Psorophorashown three-dentate scales in contrast Withtitillans, Tx. theobaldi, Ae. serratus, Hg. celeatel Cx.
coronator.

22. X-segment, abdomindPrecratal setae absent (0); present (1).

In their revision [15], considered this characterdéagnostic folPsorophora None of the other genera and in the
literature was found that character is shared bgtrer taxon. Nevertheless, in the genéfansonia and
Coquillettidiasome precratal setae are present, although ther@anumerous as Psorophora

23. X-segment, abdominaBaddle complete and forming a ring (0); with incéeb@ring (1).

The sclerotized saddle of the tenth abdominal sagnitthas been used in many taxonomic keys tceddfitiate
Aedesfrom Psorophora Recently, under a cladistic view [32] considés ttharacter (p. 335)A' saddle is almost
always complete in Orthopodomyia and Culiseta, asghlly complete in Culex, Psorophora and Uranotaeh is
usually incomplete in Aedes and Mimomyia subgengsaimia” The complete saddle, forming a ring around
segment X ¢h. 38. [32]) is a synapomorphy fdPsorophora+ Mansoniini Coquillettidia + Mansonig, with a
reversal of the state (saddle complete). Nevertbe[@5] showed some speciesPabrophorawithout the saddle of
the segment X forming a complete ring. In additithre key of [59],Psorophoraappears separated twice, because
some Colombian species can to present this comgdetéle. In our case, R&ra.) pygmaeandHg. celesténave

an incomplete ring, contrary to the other taxa wlith saddle forming a ring around the tenth segment

24. Breathing tubeWithout modification to attach the aquatic plariy (vith this modification (1).

Pupal Characters

25. Ventrallobes not developed (0); well developed (1).

In their studies aboWRsorophorapupae [15] and [60], considered the ventral ladmseloped a diagnostic character
for Psorophora (PsorophoradndJanthinosomawhile in Grabhamiathere are not developed. We agree with these
authors based on our analysis. The sister and aufgranalyzedAge. serratus, Hg. celeste, Ma. titillans, Tx.
theobaldiandCx. coronato) these lobes were not developed

26. Abdominal segment¥Vithout spicules in all segments (0); present i¥I3); presents in IV only (1); presents
in lMI-1V (2).

The most widespread condition in Culicidae is theemce of spicules in the pupal abdomen. Howe@ét,gdhows
the presence of spicules on pupal segments I\P$orforcepsand IV-VI for Ps. discruciansLater, [60] to affirm
that the spicules on the IV segment are charatiteassome species of the subgengaathinosomaf Psorophora
Later [62] in the pupa ofe serratus description shows the presence of spicules insémgments Ill to V.
Subsequently, [15] indicate that these spiculeslegnostics for the Serratus grodeflessubgenu®Ochlerotatus;
genussensy63]). Nevertheless, iRsorophorathree patterns occurs: The absence of spiculBs icyanescens, Ps.
totonaci (Janthinosomajgpecies ofGrabhamiaand Psorophora s. str.the presence in the segments IlI-IVRs.
(Jan.) discruciansand Ps. (Jan.) albigenuand the presence on IV for Janthinosoma spediss ferox, Ps.
champerico, Ps. lutzii, Ps. forceps, Ps. longipald®s. melanotandPs. pseudomelanota.

Adult Characters

27. Head (female Cibarium)¥ith four palatal papillae (pp) (0); with six pp)(1

The palatal papillae (pp: Lee 1974) are four in nedshe Culicidae species, except Rsorophora (Janthinosoma),
CulisetaandAededqOchlerotatus) dorsalisvhere six papillae are observable [64,65]. Pddity, in Janthinosoma
the pp are different in size, being the antericgsosmaller, while the posterior couples are |a6@. [

28. Head (female Cibariumghort pp (0); long pp (1).
In the subgenusrabhamia the palatal papillae are long [66], in oppositiohthe other studied taxa and the
literature reports [64,65,67].

29. Head (female CibariumWithout cibarial teeth (0); with cibarial teeth)(

The cibarial armature or cibarial teeth (CT: [68 common in species of CulicinC{ley and Anophelinae
(AnophelessubgeneraCellia, Nyssorhynchusind Kerteszid. One Aedini QOpifex fuscu3 and one of Sabethini
(Wyeomyia smithjihas been reported the presence of cibarial {&&t64,65, 68-71]. Interestingly, iRsorophora
this structure is also occurs [66]. It was obserie@Grabhamiaspecies only was located in the posterior-ventral
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wall with a series of specialized teeth-like stuues.

30. Head (female Cibarium)¥ith 5-8 trichoidea sensilla (ts) (0); with 14-X5(1).

The trichoidea sensilla (ts: [67]) in most of thaili€idae there have 5-8, being an exceptional cdase
ToxorhynchiteqTx. rutilus septentrionalisand members oPsorophora(subgenusPsorophora where there are
around 1 -15 sensill§64,65,66]

31. Head: Maxillary palpomere (females) with three segme@)s\fith four segments (1).
32. Head: Maxillary palpomeres (female) 3rd similar to théerts (0); 3rd longer than the others (1).

33. Head: Occiput with white scales and a conspicuous spetadéts scales (0); only with golden scales (1hjtey
and a small spot of dark scales (2); white spredyg @); blue (4); green (5); yellow and white (6).

In the subgenusanthinosomaspecies three patterns were observed: The ocspuhite and with a conspicuous
spot (large or small) of violet scales s albigenu, Ps. albipes, Ps. varipes, Ps. lutzii, Bsgipalpusand Ps.
horrida, also previously reported by [72] and [73]. Neveltse, inPs varipes, the spot violet rather seems
something dispersed in opposition to the other taita a rounded shap@ golden pattern occurs iRs. ferox, Ps.
cyanescens, Ps. discruciaasd Ps. champericoThe third pattern comprises dispersed scaldésifjohnstonii In
the Grabhamiaspecies the occiput is white with a small spadark scales, with the exceptionfed.discolor.

34. Thorax:Dorsocentral setae absent (0); dorsocentral setsemt (1).
35. Thorax: Paratergite nude (0); with scales or setae (1).

36. Thorax Acrostical setae absent (0); acrostical setasepite(1).

37. Thorax Preespiracular setae absent (0); setae pregent (1

38. Thorax Postspiracular setae absent (0); setae pregent (1

39. Thorax Lower mesepimeronn without setae (0); with sé¢tae

40. Thorax: Mesoscutum scales copper, green on center andllé@@r scale in longitudinal bands only (1); green
blue metallic scales (2); mixed yellow and whitg; (&llow on both the sides and dark in the cefdgrwhite on
both the sides and dark in the center (5); browbath sides and white in the center (6); mixed dartt white (7).

In the Lane’s [48] revision, the descriptions aresgnted for the speciesforophora and in these patterns shown
the mesoscutum scales. In speéiss(Janthinosoma) albipeandPs. (Jan.) lutzican be appreciated lateral yellow
bands and a dankide band, on the contrary Is. (Jan.) feroxand Ps. (Jan.) cyanescetise mesoscutum iglace
setting for yellow scales that can be blended withite (i.e. Ps. ferox).In the subgener@sorophoraand
Grabhamia the first one the mesoscutum does not posseksssmad just they occurs in bands, on the conirary
the second the scales varied patterns form frosethhite lines®s confinnis)until borders of copper scales with
shadowy mixtures of white (i.€s. cingulaty. In the genus\edesvaried patterns of scales are presented, beisg thi
character used thoroughly in the classificatios@he subgener@chlerotatus StegomyiaHowardinaandFinlaya
(15,48,74). On the other hand lHtaemagogusthe mesoscutum is covered with scales of metatliors (mainly
blue and green); this next to the development efahtepronote is the main characters diagnosesufdr taxon
(48,50). ConcerningCulex patterns are presented varied in the subgerantzia, Melanoconion, Aedinus,
AnoedioporpaCulex TinolestesandMicroculex[48,71,75]. Subsequentlix theobaldialso shows variations in the
scalesalthough in general they are of metallic colorsiriyablue or green)Finally, Ma. titillans showed dispersed
scales with no patterft8]

41. Legs:Femur llI, dark (0); blue dark complete (1); darkhmvhite marks (2); yellow with basal dark bandlan
white on border (3); yellowish with dark erect ssabn apex (4).

42. Legs Tibia, dark (0); dark with white spots formingrnapicuous white circles (1); dark with irregularitgh
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spots (2); blue dark without spots (3); white vatfew dark spots (4); dark peppered with whitees§b).

In his revision Dyar [76], was the first to use the presence of congpisuvhite spots in the tibia in the keyRd
(Grabhamia) spp Later, [15] report the tibia spots patterns to afifintiate some Grabhamia speciés
JanthinosomaPsorophoras. str., Tx. theobaldi, Cx. coronator, Hg. celeste, Aerratusand Ma. titillans, the
patterns and colors in the tibia were differentrfi@rabhamiaspecies reported.

43. Legs:Fore tarsomere 5th (Ta-1115) dark (0); white mark&y half white, half dark (2).

Lanes’s study [48], uses this character (in thep s8eof the Psorophorakey), to differentiate species of
Janthinosoma e.g., Ps. varipes, Ps. johnstonii, Ps. discrucians, Ps. ferBs. melanota, Ps. circunflava, Ps.
champerico, Ps. albipes, Ps. lutaiiddPs. forceppresents white tarsomere, whits. laneiandPs. cyanescertsave

it dark Subsequently, [77] modify the Lane’s key: hind J#isomere with dark marking variable, and the
alternative option 5th hind tarsomere white. Thiaywdifferentiates two blocks of specieRs albigenu, Ps.
johnstonii, Ps. discrucianandPs. fiebrigiin the first block Ps. circunflava, Ps. lutzii, Ps. forceps, Ps. champeric
Ps. albipes, Ps. melanota, Ps. ferox, Ps. amaza@mdds. albigentin the second on&rabhamiaspecies presents
the 5th tarsomere half scaled with white and bladk|e in Psorophoraspecies the 5th tarsomere it is dark.

44. Legs Fore tarsomere 4th (Ta-1114) dark (0); markedhwithite (1); half white and dark half (2).

In Psorophora the tarsomere IlI-4 is white iRs albipes, Ps. albigenu, Ps. champerico, Ps. ferax,dscrucians,
Ps. lutzii, Ps. longipalpus, Ps. horrida, Ps. me@tmand Ps. varipeswhile it is half white inPs. (Jan.) johnstonii
and the species &fs. (Grabhamia)Finally, Ta-lll14 is dark inPs. (Jan.) cyanescerand the other studied taxax.
theobaldi, Cx. coronator, Ae. serratus, Hg. celestdMa. titillans).

45. Head Female Proboscis, with no white ring (0); wittviite ring (1).

The presence of the white ring in the proboscisnse® be unique for th&rabhamiaspecies, although this
character is also presentedMia. titillans. Differences in the white ring length occursGnabhamiasubgenus, e.g.,
in Ps cingulataand Ps. infinisis small, while inPs. confinnis, Ps. columbiae, Ps. jamaicesid Ps.discolor is
larger The white ring is absent in the subgendaathinosomaandPsorophora it also lack inTx. theobaldi, Cx.
coronator, Hg. celestandAe. serratus.

47. Legs: Erect scales absent in fore leg (0); present (ahels [48] did not report this character Rgorophora
However, in our studied species it is well conspiaiforPs (Pso.) cilipes, Ps. (Pso.) ciliaand Ps. (Jan.) ferox,
while in the other species (including the sisteajahere are absent.

48. Legs Simple claw (0); double (1). Lane [48] uses tbisaracter for the subgeneric distinction between
Grabhamia and Janthinosoma nevertheless ifPsorophoras. str. and the genusedes(particularly subgenera
OchlerotatusandFinlaya); the double claws are present and also in the/@idd Aedes

49. Wing: scales with uniform color (0); with pale and dackles (1).

Some authors [48,54], uses this character to diffémte the Confinnis group species [15] form otBezbhamia
speciesNevertheless, in Mansoniini, dispersed scales & pad dark colors are also presents (but thickales).
While in the other taxa these white and dark scatesabsent. HoweveAnophelesAedes (FinlayaKochi Group

[12 species]Orthopodomyignine species]Aedomyigfive species]Culex(Culex) [six species|Cx. (Lutzia) [two
species],Uranotaeniathree species] anBs. (Gra.) signipennigpatterns of dark and white scales present in the
costal vein, already used as characters diagnosefoathe definition of infrageneric groups [78].the specie®s.
(Gra.) cingulata, Ps. infinisand members of the subgeneranthinosomaand Psorophora(except for Ps.
pallescens)the wings present this pattern scal@ur specimens oPs (Gra.) columbiae, Ps. confinnis, Ps.
jamaicensis, Ps. pygmaeand Ps. discolor(Confinnis group)the wings show pale and dark scales. The last one
shown the patterns are present in the veiadiR M,, Ms.4, CUA, and 1A.

50. Wing: With thin scales (0); with wide scales (1).
51. Abdomen (femaleith short cerci (0); with long cerci (1).
52. White scales on torus (femalegpsent (0); present and large (1); present and £&)a

Cerqueira report this character Bsorophora (Janthinosomd79], into the key foPs lutzii, Ps. albipesand Ps.
forceps.In Ps albipesand Ps. forcepgpresents a patch of white scales in the interra f#f the torus, whil@s.
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lutzii is unscale Subsequently, [80] in description &&s lanei, consider that the female torus is ocher without
indicating the presence or absence of internakscahen Roth [72], indicates that the torus is splarnd with a
patch of white scales iRs horrida and Ps. longipalpusLater on, [81] report dark brown torus with someiteh
scales in the internal side féts amazonica.Subsequently, [77] reports fd?s. albigenu and Ps. albipethe
presence of white scales in the toldscently, [82] it indicates fdPs. pseudoalbipegmale) andPs. pilosugmale)

a group of white scales in the internal side oftthreis Then [83], inPs pseudomelanotéhe torus is brown dark
and it does ngbpresent scaletastly, in Ps. mathesonithe torus presents in its expensive mesal a bichpatwhite
scales [84]0n the other hand iRs (Grabhamia),the torus shows in its internal face some thinescatith white
reflectionto silver. In the mosquitoes of Jamaica revision Belkin ef18)] indicate the presence of scales or white
setae in the mesal face Bs (Gra.) infinis, Ps. insularia and Ps. pygmaddanally, in Ps (Psorophora)and the
other studied taxa these scales (thin or thicky #re not presented.

53. Female genitalialnsula short (0); insula long, tongue-like (1).

In Reinert’'s comprehensives work [40,63,85,86]Aedini, reports that the insula very long tonguelivith setae
in Psorophorais unusuafor the tribe, nevertheless certain similaritieswdn the development of the insula for the
generaAyurakitia Thurman andHaemagogug50]. This character occurs iHg. celeste suggesting that is not
unusual as reported by Reinert.

54. Female genitaliaVIll sternite with no sclerotized rod®); with sclerotized rods (1).
55. Male genitalia Gonostylar claw (GC) long (0); short (1).
56. Male genitalia:Gonostylar claw blunt (1); sharp (1).

In Psorophoraspp. andvia. titillans, the gonostylar claw is short and sharp, whilegglamd blunt inAe serratus
Hg. celesteandTx theobaldi;in Cx. coronatorshort and blunt.

57. Male genitalia: Gonostylewide and with a digit form projection (0); thin all extension (1); thin on the base
and apex, wide in the middle (2); thin almost &ilemsion but wide on apex (3); thin at base and amd hyper-
developed in apex (4).

In Ma. titillans and other species of the genus the gonostyle [@8$) is wide and with a projection digit form
[15,48,87]. On the other hand, Tix. theobaldi Cx. coronator, Ae. serratuand Hg. celestethe gonostyle are thin.
Then inPsorophora the widespread pattern is thin and wide Gs inrds¢, alone attenuating in its apex. In some
cases, likelanthinosomandPsorophoras. str.the gonostyle can only get wider in the apex artilving to a great
development [15,48,54,73, among others].

58. Male genitalia:Gonostylar reticulation absent (0); reticulatioegent (1).
59. Male genitalia:Gonostyle without accessory setae (0); short ¢higl(2).

The accessory setae of the gonostyle are abs&x itoronator, Ae. serratus, Hg. celested Ma. titillans. In Tx.
theobaldiand subgenera the subgené@mabhamiaand Janthinosomdexcept forPs. melanotalong and thin), the
setae are shorts and thin.Psorophoras. str appear some variationBs ciliata, Ps. cilipesand Ps. saevdave
short and thick seta®s. pallescenshort and thin while irPs. lineatais absentin the description foPs (Jan.)
pseudomelanotfB3] indicates the presence of long setae in the golegghat could be suggest it relationship with
Ps. (Jan.) melanota.

60. Male genitalia Gonocoxite (Gc) long (0); short (1).

In Psorophorathe gonocoxite is long fdPs (Jan.) champericandPs. longipalpuswhile in the other species it is
short.

61. Male genitalia: Gonocoxite without internal setae (0); internalagetery long (2); modified in scales (3);
modified in hooks (2); short (1).

62. Male genitalia Gonocoxite with apicodorsal lobule absent (Ogsant (1).
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63. Male genitalia:with claspette stem absent (0); fused to the gaxite(l); separated from the gonocoxite (2).

In Ma. titillans, Ae. serratus, Hg. celestepecies ofPs. (Psorophora)and in most ofPs. (Janthinosomajhe
claspette stem is separated from gonocoxitePdn (Jan.) cyanescerand Ps (Grabhamia) sppthe claspette is
fused with gonocoxite. In the remaining taXx.(theobaldandCx. coronatol the claspette is absent.

64. Male genitalia: Claspette without foliated setae (0); single sélapone seta with fingernail shape (2); present
but accompanied by others (3); present (4).

The claspette filament (CF; [38]) it is a speciatizsetae, usually simple or filiform apical. In AgdsomeAedes
species antHaemagogusthe claspette presents a single filament inpesxaand on the other hand in soAedes
subgenera, and the genefamigeres and Opifex the claspette shows several setae [15,48,49,83}58In
Psorophora the species ofsrabhamia present several simple setae in the claspettelewhi most of the
Janthinosomahe foliated setae is accompanied by other; aquéat case happens Bs (Jan.) cyanescenia that
the claspette presents several simple s@aehe other hand, iRsorophoras. str.the claspette presents a foliated
setae accompanied by other simple ones.

65. Male genitalia:Aedeagus without serrate border (0); with serrareldr (1).

66. Male genitalia: X sternite process (PSX) without apical teeth W@h few teeth (1); with a crown of teeth (2).
The PSX $ensu[39]) present some teeth in the apical region ygdtsorophord, a crown of teeth or spines is
occurs inCulex coronatorand is absent in remain taxa analyzed. Other taxaHodgesiasolomonis Ficalbia
solomonis Mimomyia gurneyiCoquilletidia (5 spp.),MansonioidesnelanesiensjsTripteroides(9 spp.), presents
conspicuous teeth in the process of the stern[te5}48,49,50,54,58].

Cladistic analysis

Eleven equally parsimonious trees with 164 steph @gere detected with a consistency index (Cl).66066%)
and a retention index (RI) of 0.83 (83%). Permotatof suboptimal trees and random addition did identify

additional cladograms [37,43]. One of the most ipawgious trees (with with synapomorphies and homasipk)
and the strict consensus cladogram (with Bootstrappand Jackknife values are shown in the Fig. d an
respectively.

Node Aedini+(Mansonia+Psorophora), Fig. 1:

This node is supported by three synapomorphiesécters 15, 38 and 63): In the larvae, the dorstmnereeth are
11 to 15 (ch.15: 0->2; Figt); adult with postspiracular setae (ch.38: 0-d the male genitalia, the stem the
claspette is separated from the gonocoxite (ch@32, with independent occurrence in all speciesthaf
Janthinosomasubgenus, exced®s. cyanescerns Several authors, including [49] and [15], showed @ulex
subgeneric variability in the teeth number from tleesomenton. I€x. (Culex) iyengariand Cx. quinquefasciatus,
among others is about 12 teethGr. (Cux.) albinervis, Cx. squamosus, Cx. bitagdnyiochusand Cx. starckeaés
countlessin Cx. (Culiciomyia) papuensis, Cx. fragib&id Cx. pullusis from 13 to 17For the previously exposed
thing, this synapomorphy should be taken carefélycording to [32] the postspiracular setae arsgmg inAedes
(except theAyurakitia and Kompia subgenera)Heizmannia Armigeres(Armigeres), Psorophora Haemagogus
EretmapoditesOpifex Udayaand in MansoniiniCoquillettidia(RhynchotaeniaagndMansonia and in general it is
absent inCulex Hodgesia ZeugnomyiaToxorhynchitesand Sabethini. In Aedini, the claspette and theahkebes
are homologies structures that can be identifiedus by their basomesal connection, more or ldss Certain
authors examined comparatively this structure itictlae, observing that in speciesAdédessubgenusseoskusea
has gotten lost, while on the other hand in thegenbsHowardinathe claspette has been developed as a spicule,
other times in a lobe lengthened with a usuallyaexied portion. In fact, in two species of this taxie claspette
has decreased to an aedeagal guide. This partigutariso happen in species of the subgelaesknightiaof Aedes
[85]. In the revision of the Jamaican species, [§taled forMansonia titillans Claspette: Greater part sessile on
sidepiece, including a sternal sclerotization megtits mate on midline, a tergal sclerotizationesxting towards
mesal basal angles of sidepiece, and a broader a@lasdlerotization extending in basal mesal membrahe
sidepiece On the other hand, for the Aedini species inNe®tropics is characterized in the larval phasele
following character combinations [15]: Scales & tomb present, normal siphon with comb with astl@acouple
of teeth, and with a subventral setae near toase pventral setae with several couples of setamadults oAedes
and Psorophoraposses postspiracular setae and the females havabdomen finishing in tip; nevertheless
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although the genudaemagogusesembles each other to the sabethines (tribett8abethey can differ because the
base of the third coxa is clearly ventral to theaoneand the postnotum without setae. The pupakla@cheoid in
the trumpet and they are but similar to Culisetimil Orthopodomyiini. Recently, [32] in a family &®s show that
the node Aedini+Mansoniini is supported by two graorphies: in the adult, dorsocentral setae abapdt
paratergite with scales. Subsequently, they point ¢hat these characters revert in the node 71
(AedesEretmapoditesOpifextPsorophora +Mansoniini) and in fact the dorsocentral seta ehahe same
transformation (present to absent)Tiaxorhynchitesand with partial reversion until being made polypiac in
Tripteroides Then the paratergite appear independentyingasia AedomyiaandCuliseta

In this work, the character related with the absenicpresence scales/setae on the paratergitegvitesl to not be
informative or autapomorphic. Only an Aeditigemagogus celegté showed paratergite scales, while Ae.
serratus,this sclerite was nude. Even when in the gehedesboth conditions can be presented [32]. Nevertleles
in the Aedini definitionsensu[49] that suggesfedes as a natural group, the author refers that certeembers of
the tribe shared affinities with higher taxa, exckp Anophelinae. This tribe includes more thardQ kpecies in
nine genera that are extremely varied, and manghe difficult to identify at generic level due the shared
characters. In fact several overlapped combinatafnsharacters are necessary for the definitiorgefera and
several subgenera and included species. The garhenalcters of the tribe Aedini includes in thelathe presence
of tarsal claws and the female abdomen in sharp.f&ven when the tarsal claws are not representatl species,
they are not in any other tribe of Culicinae [32].

Node Aedini (Aedes+Haemagogus), Fig. 1:

This node is supported (bootstrap: 56%/jackknif@2ey by four synapomorphies in the larva: MnC (cld5:2)
with thick filaments, with galeastipal steam pras@n.9: 0->1; Fig. 5A), and ventral premental withmerous
spicules like scales (ch.20: 0->1; Fig. 5B). Théegstipal steam is presented in aedines Aikdes Haemagogus
Opifex Udaya and Zeugnomyiaand it is absent ifcretmapoditesArmigeres Psorophora Ae. (Musciduskand
Heizmannia Then, in the labiohypopharynx the numerous preatespicules and with form of scales are
appreciated irAedes HaemagogusOpifex EretmapoditesZeugnomyiaUdaya Armigeres and it is different in
PsorophoraandHeizmannia

In theHaemagogusevision, Arnell [50] suggested thiaaemagoguss one of the derived genus in the tribe (in the
sense of [15]), originated in South America or elds the Caribbean (where their occurs in a diverag) and
undoubtedly splitting from the genuSedes even when there are not elements of the presamafin the
Neotropical aedines that show obvious likeness tabmagogusMore recently, [26] using the rDNA (region ITS)
and [29] using the white gene, obtained trees wh@especies oedesforming a paraphyletic group, locate in a
clade toPs ferox and Ae. (Pro.) triseriatusand other withHg. equinusand Ae. triseriatus.Subsequently, their
suggest that the position Bfaemagogusis generic range is questioned, and propose plaeagmn ofAedesin two
genera, one contain tdaemagogusPsorophoraand species related #e triseriatus. Later, [32] consider that
althoughAe triseriatus and other species can be more relatefidemagogughat to other species dfedes the
proposalwould be a simplification due to many questionshwitt answer on the taxonomnstatus of many species
and bigger groupsRkecently, Reinert [63] using diagnostic characig@articularly in the female genitalia) and
without a cladistic treatment, split theedesin two generaAedess. strandOchlerotatusLynch Arribalzaga. This
author considers that the creation of more naggn@lips and defined better genera are valid reasopopose this
change and overweight the initial unsuitabilitytieé generic change of the affected species. Intfi@cauthor seems
that it tried to look for characters to build therfect key instead of studying the genus evolutiod phylogeny, and
additionally the its creation of new taxon usindagomorphic characters, represents inappropriaetipe to the
definition of natural groups. It is not in doubgthifficulties inAedesand very probably, as the molecular evidence
it points out it, be a paraphyletic group; howetlee unique phylogenetic treatment of Aedini in [Zlows
Ochlerotatusas polyphyletic group and others taxa idtedeswith very low support to a stable creation of new
genera.

Node Mansonia+Psorophora, Fig. 1:

This node is supported (bootstrap: 56%/jackknifo® by four synapomorphies: In the larva 4-Mx seteethick
(ch.11: 0->1) and precratal setae are presentdch:21; Fig. 6A), the adult legs are dark with tehinarks (ch.41:
0->2; this character is missed in the consensw &ad the male genitalia presents a gonostylav steort and
sharp (ch.56: 0->1; Fig. 6B). The precratal setathé tenth abdominal segment of the larvae areactexistics of
Psorophoraand Mansonia In the first one, they are multiple setae arotimel border of the segment forming a
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continuous array, and iMansoniathey are few simple or double setae (not more thar). On the other hand, in
Coquillettidia [15,49] precratal setae does not occur in the gtreant. The gonostylar claw shows differences in
Aedini, this way in most the classic condition bétlong GC is presented and bluntQpifexand species ode
(Levua)it is short and sharp, and Ae. (Verralina)is absent [49].

Recently, [32] consider that the clade formedPsprophora-(CoquillettidiartMansonig node 48 it is supported by
two synapomorphies: complete saddle, forming a @ngund the segment X (ch.23: 1->2; interocularcepa
constrained, without scales or setae extendinga@bstfrontal sutures (ch.38: 1->0, highly homstita. Later on,
those authors indicate that of both charactess$ the saddle (reverted in the node 75) providesigim supports for
the clade (obviously discarding the homoplasticrati@rs). The above-mentioned is interesting, bezan our
work the saddle of the segment X form a completg m all the studied species (includiRgorophora with two
exceptionsPs. (Gra.) pygmaeand another itHg. celeste.

By the other hand, the genlansoniasensuBelkin [49] and Belkin et al. [15] included tGoquillettidia as
subgenus that later on was elevated to generit [8¥e8]. Belkin points out for Mansoniini thatetadults form a
heterogeneous group linké&llex and Aedes similar to this last one, but without the tarskws and the female
truncated abdomen, reason because shows off teifgoaffinities of the tribe, and more toward genusrFicalbia
(Old World). Nevertheless, the larvae Mansoniaand Coquillettidia are clearly different t@€ulexand Aedesand
due to this a tribe was created separated for tteese In his review [88] studieMlansoniaand Coquillettidia
characters of immature and mature, as well th&iloby, and its consider that [49] did not made khensoniini
diagnosis; then these authors defined the trib&\th acrostical and dorsocentral setae in a rowsscthe previous
region to the pre-scutelar area; development oframlgr and pronotal setae; prespiracular setaengbse
postspiracular setae absent or present; high mesp&gernal setae present; mesepimeral lower agtdgresent; 1st
tarsomere short than tibia; wing with wide scafespale abdomen with blunt apex; gonostylus withabdsbule
and a terminal claw at the apex. Larvae with regpiy breathing tube transformed in to piercingaorgdapted for
the fixation of aquatic plants; antennas with altvgzslong filament that the rest of the antennaegment twice
long as wide; pupae with respiratory trumpet adafbe the fixation of aquatic plants.

Some of these characters was used in the presalysmnofPsorophora Dorsocentral setae (ch.34) present in all
species with exception dfoxorhynchitesheobaldiandHaemagogus celestacrostical setae (ch.36) present in all
species with exception ofx theobaldi and Hg celeste prespiracular setae (ch.37) absentMa titillans, Cx
coronator, Ae serratusandHg. celestelower mesepimeron with setae in all species wikbeption ofHg. celestg
gonostylar claw blunt (ch.56) iRsorophoraspp. andVia titillans.

Our results shows that Aedini is a monophyleticugrincluding Mansoniini: then, two actions couldswsgested:
To consideMansonialike a member more than the Aedini or to consgkparated tdlansoniaand Psorophora
like a group, however by mean of a carried outistadstudies including more number of Mansoniipesies will

can clarify the evolutionary relationships. Recg®Reinert et al. [21] pointed out in the discussidrthe all Aedini

data set “..However, the recovered relationships are still uisfactory. Mansonia titillans is once again indkd

in Aedini, this time as the unambiguous sister-grofi Psorophora (although it is worth noting thaist clade is
present in the preferred hypothesis of genericti@eships recovered by Harbach & Kitching, 1998)hose
authors also included just one taxon of Mansorghf titillans) and this taxon was placed basdPswrophorabut

also with other Aedini aSchlerotatus

Node Psorophora s. str.+(Grabhamia+Janthinosoma), Fig. 1.

The genusPsorophorais supported (bootstrap: 66%, jackknife: 69%) hyee synapomorphies: the larvae for
presence of trident-like scales in the VIl abdoahisegment (ch.21: 0->1; Fig. 7A), in the adultn{fdes) with
tergum and sternum VIII (ch.54: 0->1; it Fig. 7B)thvstructure rod-like, and in the male genitalie tsternite
process of the X (ch.66: 0->1; Fig. 7C) it possedew teeth. The scales of the VIII segment abdahtident-like,
that is with a long central thorn and two or thadétle shorter, it is a character that defineshi® genu$sorophora
very well. Nevertheless, Belkin [49] for the speci&f the subgenuStegomyiaof Aedes reports inAe. aegypti
similar scales without the typical form @&sorophora.Later Reinerf40] show for the female genitalia that the
lateral bars (rods) strongly sclerotized and pigmeénof the tergum and sternum VIl seem to beadlstsurface
that gives form and it forces to the primary memibizs sclerites. In some species of the subg@uiterotatusof
Aedes:Ae mitchellae, Ae. nigromaculiand Ae. sollicitansare present similar structures, even when thesg the
differ significantly in form.

33
http://www.easletters.com/issues.html



Jonathan Liria and Juan-Carlos Navarro Entomol. Appl. Sci. Lett., 2014, 1 (4):22-50

Node Psorophoras. str., Fig. 1:

The node is supported (bootstrap: 100%, jackkrfé%) by four synapomorphies: the larval mandibuddore
presents spicules and very sclerotized (ch.8: OFig.; 8A), labiohypopharynx with developed premémsensory
(ch.19: 0->1; Fig. 8B), in the adult with mesosceutwith naked longitudinal areas (ch.40: 0->3; E&G), femur IlI
yellowish with with dark erect scales on apex (&h@>4) and aedeagus with sawed border (ch.65; 0. 8D).
SubsequentlyPs. lineata (supported by autamorphic ch.6i) more relatedand basal to the node thgtoup to
cilipes+(saeva+(ciliata+pallescens))This node is supported by a synapomorphy: in thataslith gonostylar
accessory seta short and thick (ch.59: 0->1 Fig, 8APs pallescenss short and thin)Finally, Ps ciliata andPs
pallescensare contained based on a homoplasy (ch.11). In a mvisf the Argentinean species [89], consider that
the subgenu®sorophoradiagnosis isbig mosquitoes, legs with erect scales especialifhé apex of the femurs,
tibia and first segments of the posterior tarsuanéle palpus biggest that the first five segmentlaafellum
antennal, palpus of the male exceeding the lonth@fproboscis for the last two segments that atergad and
hairy, mesonotum with naked longitudinal areastapilar setae generally numerous and long, fematsal claws
and the male toothed. Clip (gonostylus) thin, wlith expanded apex or bilobulated, some short andgtthorns in
their internal face Later on, [14] and [90] showed f&s saevatheir likeness withPs. cilipes,on the base of the
male genitalia, where the gonocoxite is distal cahwith setae covering around the third distaltto$, and a
modified setagfoliform) located in the base of the hairy aréhe gonostylus has a thin apex, the angle subaipical
is big and in lateral and near position to the apb& gonostylar claw is long and with several miysetae on
conspicuous tubers in the internal margin of tHédgaical. Presently study, the larval synapomogplincreases the
characters support to define the subgenus, ane thiesented in the genitalia they support the igsi$ of the
relationships oPs saevawith Ps. cilipesand other near species

Node Grabhamia and Janthinosoma, Fig. 1:

This node is supported (bootstrap: 58%, jackknB8%) by one adult synapomorphic character, gonestyl
reticulated (ch.58: 0->1; Fig. 10). Hendrickson &wukal [36] in their phenetic proposal, indicatésat the three

subgenera was placed in an only genus by a hiat@acident”; according to these authors the thare is far away

(in a phenetics sense) to each other, and surelsenéo some members ékdes Equally, they point out that
GrabhamiaandPsorophoraare very distinct, and related wigte. (Stegomyia) aegypti.

Our results, shows the three subgenera into a nigtetic group, withPsorophoraas basal taxon and sister of
Grabhamia+ Janthinosomaas more related taxa and derivate groups. How@iér shows an inverse relationship
among these taxa, witBrabhamia+ Janthinosomaas basal clade arfdsorophoraas derivateThen, the internal
relationships are equal in both hypothesis, thalbeasd derivate group can be forced by the roaird.t

Node Grabhamia, Fig. 1:

This node is supported (bootstrap/jackknife: 99%)three synapomorphies in the adults: female Qilparivith
developed palatal papillae (ch.28: 0->1; Fig. 11tAysomere III5 (ch.43: 0->2; Fig. 11B) half whiaad dark half
and white scales in small torus (ch.52: 0->2).daghis node it is appreciat@s discolorin more basal position to
the group((cingulata+infinis)+(columbiae+jamaicensis+(comfiis+pygmaea))) This last one supported by one
adult synapomorphy, occiput with white scales arsinall stain of dark scales (ch. 33: 3->2). Theeptodes are
supported by homoplasies, except for the groagfinnis+pygmaeaupported by a synapomorphy: fore leg (femur)
with white scales that form irregular bands (ch22:3 Fig. 11C). According to [18prabhamiais differentiated at
least of the other two subgenera by the presencéeaf basal marks in the basal segments of allatiee and the
absence of extensive areas without scales betvieeacrostical and dorsocentral areas. These authdeamaica,
consider two different groups exist: (1) cingulgtaup, represented s infinis where the wing has dark scales,
and (2) confinnis grouprepresentedy Ps. jamaicensis, Ps. pygmaead Ps. insularia(including Ps. columbiae
that is present in Cuba and Great Cayman) whoseitigs have white and dark scales.

In our cladistic analysis there are not evidencadecept the groups proposed by [15]; in fact, tharacter of the
scales in the wings was used in the study (ch.491,0with independent occurrence s pallescens)being
homoplastic Additionally, the topology of the cladogram whehe tarrangements type is appreciated the cingulata
and confinnis groups, they are spurious becaugeatteesupported by homoplasies. On the other tthedjode that
containsPs. confinnisandPs. pygmaed is supported by a synapomorphies (ch.42: 2-fe8hur dark with irregular
white stains.
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Figure 1. One of the 11 most parsimonioustreesfor the data matrix found with TNT, presented to show character mapping, non
homoplasious (dark circles) and homoplasious (white cir cles).
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Another interesting aspect insiderabhamiaclade, is the basal position &fs discolor, because the larval
morphology (particularly the siphon and antennaeXistinctive within the genus. Recently, mategélthe
Psorophora confinnisComplex was studiedP& confinnis and Ps. columbiae sensji5] and [91] from Greg

Lanzaro’s collections (UC Davis) from the Unitedates (Maryland, California, Arkansas and FloridadJombia
(Tolima and Bogota), and Mexico (Oaxaca) and aogiour specimens from Venezuela. The cladistadyais of
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these data (unpublished) using morphometric andiitgtiee characters was conducted and several more
parsimonious solutions were obtained that demamestize difficulty of the group, as well as the resigy of
including new evidence (morphological and moleduilathe future studies.

Figure 2. Strict consensustree of the 11 most par simonioustress obtained with TNT (L =166 steps, consistency index = 0.66, r etention

index = 0.82). Number above each branch indicates the percentage of the Bootstrap (below Jackknife per centage) in which that nodeis
supported.
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Figure 4. Synapomor phy for Aedini (including Mansonia and Psopohora), ch.15 Dor somentum teeth are 11 to 15.
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Figure 6. Synapomor phiesfor Mansonia+Psorophora, ch.22 precratal setae present (A) and ch.56 male genitalia presents a gonostylar
claw short and sharp (B).

A
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Figure 7. Synapomor phiesfor Psorophora s. str.+(Grabhamia+Janthinosoma), ch.21 larvae with trident-like scalesin the V111 abdominal
segment (A), ch.54 adult (females) with tergo and sternum V111 with structurerod-like (B), and ch.66 male genitalia the ster nite process
of the X it possesses few teeth (C).
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Jonathan Liria and Juan-Carlos Navarro

Figure 8. Synapomor phiesfor Psorophora s. str., ch.8 thelarval mandibular lobe presents spiculesand very sclerotized (A), ch.19

labiohypopharynx with developed premental sensory (B), ch.40 adult with mesoscutum with naked longitudinal areas (C) and ch.65
aedeagus with sawed border (D).
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Figure 9. Synapomor phies for the g?cilipeﬁsaevm(ciIiata+paJ|$cenS)), ch.59 adult with gonostylar accessory seta short and thick.

&

41
http://www.easletters.com/issues.html



Jonathan Liria and Juan-Carlos Navarro Entomol. Appl. Sci. Lett., 2014, 1 (4):22-50

Figure 10. Synapomor phiesfor Grabhamia and Janthinosoma, ch.58 gonostylusreticulated.
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Figure 11. Synapomor phy for Grabhamia, ch.28 female cibarium with developed palatal papillae (A) and ch.43 tarsomerel 115 half white
and dark half (B).
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Figure 12. Synapomor phy for Janthinosoma, ch.27 female cibarium with six palatal papillae.

& » ¢
ré’dll (ﬂ:ﬂ,
7 © <

!
b )
f‘w

44
http://www.easletters.com/issues.html



Jonathan Liria and Juan-Carlos Navarro Entomol. Appl. Sci. Lett., 2014, 1 (4):22-50

Figure 13. Synapomor phy for Janthinosomna (excluding Ps. cyanescens), ch.26 pupae with spicules of the abdomen present in the IV
segment (A) and ch.44 adult with tarsomere | 114 white (B).
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Table 1. List and geographical distribution of the speciesincluded in the cladistic analysis

Tribe Genus Subgenus Species Distribution
Culicini Culex Culex Cx. coronat@yar and Knab Neotropical
Toxorhynchites Lynchiella Tx. theobaldiDyar and Knab) Neotropical
Mansoniini Mansonia Mansonia Ma. titillang/alker Neartic/Neotropical
Aedini Aedes Ochlerotatus  Ae. serra{i$heobald) Neotropical
Haemagogus Haemagogus Hg. cel®yar and Nufiez-Tovar  Neotropical
Psorophora Psorophora  Ps. lineattumboldt Neotropical
Ps. saev Dyar & Knak Neotropica
Ps. cilipegrabricius Neartic/Neotropical
Ps. ciliataFabricius Neartic/Neotropical
Ps. pallescer Edward: Neotropica
Grabhamia Ps. columbig@®yar and Knab) Neartic
Ps. cingulatgFabricius) Neotropical
Ps. confinni (Lynch Arribalzaga  Neartic/Neotropic:
Ps. discolo(Coquillett) Neartic
Ps. infinis(Dyar and Knab) Antillan
Ps. jamaicensiéTheobald) Antillan
Ps. pygmaeéTlheobald) Antillan
Janthinosoma Ps. albigeniuLutz Neotropical
Ps. albipesTheobald Neotropical

Ps. champeric®yar & Knab
Ps. cyanescerSoquillet

Ps. discrucian®alker

Ps. feroxHumboldt

Ps. johnston{Grabham)

Neartic/Neotropical
Neartic/Neotropical
Neotropical
Neartic/Neotropical
Neartic

Ps. lutziiTheobald Neotropical
Ps. longipalpusfRandolph & O’Neil Neartic
Ps. horrida(Dyar & Knab) Neartic
Ps. melanot&Cerqueira Neotropical
Ps. varipegCoquillett) Neartic

Table 2. Data matrix of 66 character sand 29 taxa used in the cladistic analysis (?, Missing data; -, inapplicable characters)

1 5 10 15 20 25 30 35 40 45 50 55 60 65
r o b

Tx. theobal di 000000000001001100000000000001105000101000000000000000011031100000
Cx. coronator 102111110001111001020000000010006101001301000000000000111001400002
Ae. serratus 10222111100101200001000003000000-101011611000001001000011001012400
Hg. celeste 102221111001002001010010000000004010010201000000000010011001302400
Ma. titillans 21121111011110001002010100000000-101011725001200110000100001002200
Ps. cingul ata 102211010000002000021100000110002101111322221100001111102131001101
Ps. col umbi ae 102211010000012000021100000110002101111322221200101111102131001101
Ps. confinnis 102211010000012000021100000110002101111323221200101111102131001101
Ps. discol or 102211010010102000021100000110001101111324221200101111102131001101
Ps. infinis 10221101000000200002110000????002101111322221100001111102131001101
Ps. jaimaicensis 102211010000012000021100000110002101111322221200101111102131001101
Ps. pygnaea 102211010000012000021110000110002101111323221100101111102131001101
Ps. al bi genu 20221101001000200002110012????000101111531010000001211102131002301
Ps. al bi pes 202211010010012000021100121000000101111531110000001211102131002301
Ps. chanperico  ---------------"--------- 1110000111011115311100000010??103130002301
Ps. cyanescens 102211010011012000021100101000001101111331000000001011102131001101
Ps. discrucians 20221101001001200002110012??7??001101111331010000001011104131002301
Ps. ferox 202211010010012000021100111000001101111331110010001011102131002301
Ps. johnstonii 20221101001000200002110011????001101111331020000001211102131002301
Ps. lutzii 20221101001001200002110011????000101111531110000001011102131002301
Ps. 1ongipal pus 202211010010002000021100111000010101111531110000001211103130002001
Ps. horrida 2022110100100020000211001?????000101111531110000001211102131002301
Ps. el anota 20221101001001200002110011????007101111231110000001077102121002301
Ps. vari pes 202211010010002000021100111001000101111531010000001211104131002301
Ps. ciliata 000000020001002100121100100001013101111141000011001011101011002311
Ps. cilipes 000000020011002100121100100001013101111141000011001011101011002311
Ps. lineata 000000020011002100121100100001013101111141000011001011103001202111
Ps. pallescens 000000020001002100121100100001013101111141000011101011102031002311
Ps. saeva 000000020011002100121100100001013101111141000011001011101011002311
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Node Janthinosoma, Fig. 1:

This node is supported (bootstrap: 69%/jackknif&e by two synapomorphies in the adult: female rilva with
six palatal papillae (ch.27: 0->1; Fig. 12) and el yellow with dark base and white basal bor@eh.41: 1->3).
According to [15] and [92], the metallic violet $es of the legs, labium, and abdominal tergites identify this
subgenus. Most of the species have conspicuou wiarks on hind tarsomeres 4 and/or 5 and sometimes
These authors consider the taxonomy of the subgenibs very confused, due to the lack of malesassibciated
immature stages; the larvae have been describeabfart half of the species. However [92] emphadizesurgent
need for more intense morphological studies of ghbkgenuslanthinosomaand the importance of many new
diagnostic morphological characters. In studieghef morphology of the cibarium in Culicidae [65hosv the
presence of six palatal papillaefs. (Janthinosoma) feroandPs. (Jan.) varipesThis character is also observed in
Culiseta alaskaensi€u. inornata, Cu. morsitans, Aedes dorsadisd Coquillettidia perturbansand could possibly
be involved in food palatability. The character sldobe more thoroughly studied, using electron odcopy and
even physiological response to determine possilfiereinces or similarities between these taxa Zmthinosoma
The most basal taxon of the subgenusP& cyanescenswhich is separated from the next node by two
synapomorphies: pupae with spicules on abdomen segment IV (ch.262;0Fig. 13A) and adult with hind
tarsomere 4 white (ch.44: 0->1; Fig. 13B). The ptate of the male genitalia &s. cyanescenis fused to the
gonocoxite, as it is in species @fabhamia this is interesting, particularly because of lineation of the species in
the tree topology wheres cyanescenseems to be a link species between both subge@arahe other hand, it is
also the only species (together wiRk lanei, not included in the analysis) that presehtstarsomere 1114,5 darka
the only subdivision of this subgenus [79,81] prsgabthe Lutzii Series as a natural group that ceaps lutzii,
Ps. albipes, Ps. force@dPs. amazonicaDur results do not allow supporting the validitytioé series, because the
nodes are supported by homoplasies and the mabéRal amazonicavas not revised and immature$. forceps
are unknown

CONCLUSION

In this work we found morphological diagnostic deters for the genuBsorophora in the larva, abundant
precratal setae in the anal segment (or tenth)saakk of the eighth segment (or comb of the VHPent-like. As
for the adults, there were no unique charactershigrtaxon, nor any reason for the continued sdjzar of Aedes
for the combination of conventional charactersth& subgeneric levésorophoras. str. was the evolutionary basal
and most distinctive taxon, due to the presendéénarvae antennas shorter than the head withopassing the
previous border, mandibular lobes with spicules auterotized, labiohypopharynx with premental senso
developed; in the adult, mesoscutum with longitatiareas without scales, fore legs with erect scdlemale
cibarium with 14-15 trichoid sensilla and aedeagith sawed intern border. IGrabhamiaand Janthinosoma,
diagnostic characters were found in adultsGimbhamia the presence of long palatal papillae in the fena
cibarium, fore femur with a tarsomere half whitedatark half, and small white scales in the inteffaae of the
torus.Janthinosomas characterized by the presence of six palatallpapn the cibarium and a yellow fore femur
with dark basal band and white border. The geAedesandHaemagogushowed characters shared in the larva by
the presence in the maxilla of the galeastipal stachlabiohypopharynx with numerous ventral premlgmtocesses
with scales-like formMansonia,presents ten diagnostic characters: In the lah@antenna are wide and longer
than the head, the jaw has the latter dorsal tfmsthed by two teeth, labiohypopharinx with latepaémental teeth
inconspicuous, and breathing siphon with a modificato adhere to aquatic plants. the adult, the wings have
white and dark wide scales, and in the male geaithé gonostylus is wide and with a digitiform jeation.

The genu$sorophorais clearly a monophyletic taxon, but AedikidemagogusAedesandPsorophorg, using the
data produced to date, seems to be a paraphytetip ghat should contain the members of Mansomdrform a
more natural classification. This proposal is sufgmb by the results obtained in a cladistic analydithe family
Culicidae [32]. Our results plus the latter authongpothesis, show the Mansoniini tribeM@&nsonia and
Coquillettidig) placed along Aedini. However, the addition of mmdiansoniini taxa and with the use of molecular
data may support or to reject the hypothesis oaddniini +Aedini clade as natural group.

The infrageneric classification d¥sorophorashows that the 3 subgenera form monophyletic groafthough
internal polytomies were observed @rabhamiaandJanthinosomaecause the relationships among some species
could not be established.
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