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Abstract-Based on a comparison of the adult and pupal mouthparts of a flea species, Xerro/~s)~lla clreopis, the 
homologies of some structures have been reconsidered: the large appendage, previously regarded as the maxillary 
stipes, is actually a modified 1st segment of the 5-segmented maxillary palpus, and the lever, formerly believed to 
be a proximal part of the lacinia, belongs to the maxillary stipes. This conclusion is substantiated by the arrange- 
ment of the maxillary' muscles. Probable synapomorphies of Aphaniptera and Mecoptera are discussed. 

The publication of this paper is associated with my 
work on the second volume of the book "Modem Sys- 
tematics of Insects" [its first volume has already been 
published (Kluge, 2000)l. This hook is written in such 
a manner that all characteristics of taxa and descrip- 
tions of morphological details are given in compari- 
son; in order to follow this method in formulating the 
peculiarities of flea mouthparts, their homologization 
must be clarified. 

Aphaniptera Kirby, 1813 (circumscriptional syno- 
nym: Siphonaptera Latreille, 1825) have an extremely 
specialized mouth apparatus in the adult flea, and 
a biting mouth apparatus in the larva. Adult flea 
mouthparts are so strongly modified that they can 
hardly be compared with those in other insects 
(Figs. 1-8). The best known publications on the mouth 
apparatus of the adult flea belong to Snodgrass (1946) 
and Wenk (1953); the paper by Snodgrass is based 
on comparative examination of many flea species. 
Correctness of the descriptions and figures by 
Snodgrass and Wenk is beyond doubt; however, the 
homologization of mouthparts, suggested by them, 
seems to be unconvincing. 

Structlrre of Adult Mouthparts 

Without a homologization of mouthparts, the flea 
mouth apparatus can be described in the following 
way. Several appendages arise from the head under- 
side (Fig. 1): a long "unpaired stylet" (Fig. 1: Ibr) be- 
fore the mouth opening; long "paired conjugated 
stylets" (Fig. 1: lac) just behind the mouth opening; 
"sheath" (Fig. 1: me, p. h ) ,  into which all three stylets 
can be embedded, behind these; a pair of "wedge- 
shaped appendages" (Fig. 1: p l )  at sides; and a pair of 
4-segmented "palpi" in the anterior part of the 

"wedge-shaped appendages," just near its base (Fig. 1: 
p2-5). The bases of all the appendages are situated 
within a rounded concavity on the head underside. 
This concavity is framed by an integral sclerotized 
cranium from all sides: anteriorly, this is formed by an 
arcuate projected margin of clypeus (Fig. 1: cl) and 
genae and posteriorly, by a hypostomal bridge (Fig. 1: 
hs) [in addition to Aphaniptera, the hypostomal bridge 
is characteristic of Mecoptera, Diptera, Sorbentia 
(= Amphiesmenoptera), and ~ ~ m e n o ~ t e r a ] ~ .  Between 
the bases of the mouthparts, three movably jointed 
sclerites are present in the concavity in addition to 
membranous surface: an "unpaired sclerite" (Fig. 1: 
sm) and a pair of "levers" (Fig. 1: stp). The "unpaired 
sclerite" is baculiform, longitudinal, movably jointed 
by its posterior end to the anterior margin of the hy- 
postomal bridge and lies in the same plane with it. The 
base of the "sheath" is articulated with the "unpaired 
sclerite" at its anterior end, and the "levers," at the 
anterior end sides. Each "lever," being articulated with 
the "unpaired sclerite" by its widened posterior part, 
extends dorsally from the plane of the hypostomal 
bridge toward its anterior end, being invaginated into 
the head; "conjugated stylet" originates from the ante- 
rior end of each "lever." 

Hornologizntioi~ of tlte Mouthparts 

It is commonly accepted that the "sheath" is formed 
by the labium, or more exactly, mentum [or premen- 
tum, according to Snodgrass], and a pair of approxi- 
mate labial palpi arising from its distal end. This inter- 

' Aphaniptera, Mecoptera, Diplera, Sorbentin and Hymenoptera 
have been recently integrated into the taxon Panzygothoraca 
(Kluge, 2003). 
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g. 1. Mouth appendages of Xesops)~llfl cheopis, adult. The ventral side of the head is shown from below and somewhat laterally, oral 
pendages are unnaturally moved apart, left maxillary palpus together with its basipalpus is taken away. cl, Clypeus; 11s. hypostomal 
idge; loc, maxillary lacinia ("conjugated stylet"); Ib,; labmm ("unpaired slylet"); Ibr', fold anterior of labmm; me, mentum; pl,  basi- 
lpus ("wedge-shaped appendage"); p2-p5, telopalpus; p. 16, labial palpus; sm, submentum ("unpaired sclerite"); SIP, maxillary slipes 
lever7 

station is beyond doubt. A similar labium, lacking 
m a e  and paraglossae and having contiguous palpal 
ses, is also characteristic of Mecoptera and Diptera. 

The anteriormost "unpaired stylet" is considered to 
either the labrum or the epipharynx. According to 
alternative version, the labrum is a small fold 

ig. 1: Ibr') hidden between the anterior margin of 
: clypeus and base of the "unpaired sclerite" 
lodgrass, 1946; Wenk, 1953). This small fold has 
ither muscles nor articulation characteristic of the 
)mm; it is present in adults and is completely absent 
pupae (Fig. 4). Most probably, this fold is a se- 

condary formation, and not the initial labrum. Any- 
way, it is expedient to term the "unpaired stylet" la- 
brum, and not epipharynx, because the epipharynx is 
a part of the labrum (a projection of its posterior wall). 

Homologization of the other elements of the mouth- ! 

parts provoked serious disagreement. Authors of the 
XIX century (Heymons, 1899; a.0.) regarded the 
"paired stylets" as mandibles. Snodgrass (1946) dem- , , , ,  , 

onstrated that these belong to maxillae, rather than to , ,  8 

mandibles, and are maxillary laciniae. The "paired 
stylet" is in fact a continuation of the "lever," from 
which the muscles extend into the "wedge-shaped :I  

!l 
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Figs. 2- 
inside ( 
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4. Mouth appendages of Xeriopsyllo cheopis: (2) head and prothorax of prepupa, lateral view, with pup; 
dotted); (3) head of pupa, anterior view; (4) head of pupa, lateral view, with adult appendages de 

orlr, antenna; loc, maxillary lacinia; Ibr, 1abrum;p. 16, labial palpus;p. ,rtx, rnaxillmy palpus; ped. I, fore leg. 

appendage" bearing the "palpus." The "wedge-shaped 
appendage" and its "palpus" undoubtedly belong to 
the maxilla, because only the maxilla, and not the 
mandible, can have such a composite structure. At the 
same time, the muscles extending from the mandible 
to the maxilla never occur in insects; thus, the "lever" 
and the "paired stylet" connected with it are parts of 
the maxilla. 

The "wedge-shaped appendage" is considered to be 
the maxillary stipes (Heymons, 1899; Snodgrass, 
1946; Wenk, 1953; et al.). This opinion is based only 
on the fact that the "wedge-shaped appendage" is the 
largest element of the mouthparts and bears the 
"palpus." According to Snodgrass, the "wedge-shaped 
appendage" is a stipes overturned in such a manner 

11 appendages developing 
veloping inside (dotted); 

that palpus and lacinia arise not from its distal, but 
from proximal part; the "lever" together with the 
"paired stylet" are regarded to form a lacinia arising 
from base of the stipes, extending inside the head, then 
curving down, and running out of the head. In this 
case, one or several muscles extending from the 
"lever" into the "wedge-shaped appendage" (Figs. 5, 
7: n14) are regarded as derivatives of a single stipito- 
lacinial muscle (Fig. 6: 1112). and three or more 
muscles extending from various parts of the "lever" 
and the base of the "paired stylet" to various parts of 
the cranium (Fig. 5: ml, m3), derivatives of a single 
crania-lacinial muscle (Fig. 6: nzl). 

This interpretation hardly agrees with the concept of 
the structure of the insect maxillae. Initially, the maxil- 
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Figs. 5, 6. The maxillae musculature: (5) scheme of mouthparts in adult flea, median section (proportions are strongly distorted to show 
all mouthparts not overlapping); (6) maxilla of Leyisrua sncclrori~ia Linnaeus, 1758, as an example of unspecialized maxilla of 
Hexapoda, ventral view (Kluge, 2000). hs, Hypostomal bridge; loc, maxillary lacinia ("conjugated stylet"); /h, labmm ("unpaired 
stylet"); me, mentum; IIII-III~, muscles (the same as in Figs. 7 and 8); p l ,  basipalpus ("wedge-shaped appendage"); y5, last segment of 
lelopalpus; p. 16, labial palpus; sru, submenturn ("unpaired sclerite"). 

lary stipes in Hexapoda is widely articulated to the 
head, forming a part of its wall; many muscles run 
inside the head from its inner wall (Fig. 6:  r?t3), being 
attached there to tentorium, ligaments, or head cap- 
sule; only occasionally (e.g., in larvae of some Oli- 
goneoptera), the stipes has narrow base and looks like 
a projected appendage; however, all the muscles ex- 
tending from it into the head are retained in this case. 
Occasionally (e.g., in Arthroidignatha), the stipes 
forms a fixed joint with the head capsule, losing these 
muscles. Though, it is difficult to imagine that the 
rtipes would acquire a narrow base and increased mo- 
~ility (as in the "wedge-shaped appendage" of fleas) 
md, simultaneously, lose all its muscles extending into 
he head. However, the "wedge-shaped appendage" 
nuscles run only to the "lever" and to the "palpus." 

Homologization of the flea mouthparts is hampered 
'Y the fact that all Aphaniptera adults have similar 
nouthparts, and none of the known insects closely 
elated to them exhibit a comparable structure of the 

mouth apparatus. In order to get an authentic notion of 
the diversity of mouthparts, these should be also exam- 
ined in pupae. Heumons (1899) suggested a homologi- 
zation of the flea mouthparts on the basis of the pupal 
structure. The images of pupal mouthparts, presented 
by him, are inaccurate; in particular, the lateral ap- 
pendages are designated as "Mandibel" and the me- 
dian ones, as "Maxille" in fig. 2, and vice versa in 
fig. 3. 

I have examined the mouthparts in a flea species, 
Xerlopsylla cheopis (Rothschild, 1903 [Psylla]), at 
various developmental stages. The living larvae of the 
species were supplied by V.S. Vastchenok (Zoological 
Institute, Russian Academy of Sciences, St. Peters- 
burg). The prepupae and pupae were fixed in alcohol 
at different stages of their development and examined 
on slides in Canada balsam. 

Though not being glued together, all mouth append- 
ages and legs in the flea pupa are unmovable because 
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Figs. 7,E. The position of maxillary stipites and maxillary palpi with their muscles, in cross-section: (7) flea, Xenopsy/la cheopis (Roth.); 
(8) scorpionfly, Pnnorpo cnr~lntr~r~is Linaaeus., 1758. cl, Clypeus; 1113-115, muscles (the same as in Figs. 5 and 6); pl-115, 1st-5th 
segments of maxillary palpus; sip, m,utillary stipes. 

of the lack of functional articulations; this type of pu- 
pae is called "pupa adectica exarata," according to 
Hinton's (1946) classification of pupae. The pupal 
mouth appendages are directed ventrally (Figs. 3, 4), 
similarly to those in adults; in the course of their de- 
velopment in the prepupa under the larval cuticle, they 
are directed anteriorly, as those in larvae (Fig. 2). The 
pupal mouthparts include a total of 7 (1 unpaired and 3 
pairs) long cylindrical immobile processes closely 
pressed together beginning from the very bases. As 
mouth appendages of the adult develop directly from 
the pupal ones, homologization of the pupal and adult 
parts causes no difficulty (Fig. 4). The anterior pupal 
process (Figs. 3 and 4: hr.) develops into the "un- 
paired stylet," i.e. the labrum (see above); a pair of the 
processes behind it (Figs. 3 and 4: Inc), into the "con- 
jugated stylets," i.e. the maxillary laciniae; the lateral 
processes (Figs. 3 and 4: p. nix), into the "palpi" and 
"wedge-shaped appendages;" and the posteriormost 
pair of processes with the common base (Figs. 3 and 4: 
p. Ib), into the "sheath," i.e. the labial mentum with a 
pair of the labial palpi. 

It should be noted that the "palpus" and the "wedge- 
shaped appendage," strongly separated in the adult 
flea nearly from the very bases and looking like differ- 

ent appendages, are represented in the pupa by 
a single process that exhibits no tendency toward 
further separation. In other insects, the pupal maxillae 
are similar to those in adults and differ only in the 
smoother outlines and absence of articulations; if the 
adult insect has both the stipes and the palpus, these 
are distinct in the pupa. At the same time, palpal seg- 
ments distinct in theadult can be completely fused in 
the pupa. Therefore, the "wedge-shaped appendage" 
and the 4-segmented "palpus" form the true maxillary 
palpus. This means that the "wedge-shaped ap- 
pendage" is not the maxillary stipes, as considered 
previously, but the greatly strongly and unusually 
modified 1st segment of the maxillary palpus. The 
maxillary palpus in fleas is constituted by 5, rather 
than 4 segments, as that in Mecoptera and many other 
insects; the 5-segmented maxillary palpus is appar- 
ently initial for Hexapoda (Klnge, 2000). 

To avoid confusion, I suggest to term 1st segment of 
maxillary palpus in fleas (i.e. the "wedge-shaped ap- 
pendage" formerly regarded as "stipes") the "basipal- 
pus," and 2nd-5th segments (formerly considered to 
be the whole "palpus"), the "telopalpus." These terms 
have no general entomological significance, being 
attributed only to the adult fleas with the 1st segment 
of the maxillary palpus modified in a unique way. 
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"Unpaired stylet" 
"Conjugated stylet" 
"Lever" 
"Wedge-shaped appendage" 
"Palpus" 

"Sheath" 

"Unoaired sclerite" 
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labrum 
mandible 

- 

stipes 

maxillary palpus 
(segm. 1 ~ 1 4 t h )  

labium and labial palpi 

The "lever" is, consequently, not a proximal part of 
the lacinia, but a sclerite of the stipes. In contrast to 
that in Mecoptera (Fig. 8) and many other insects, the 
flea stipes is not projecting, but is invaginated deeply 
inside the head and membranous in its larger part, and 
the rigid sclerite ("lever"), which runs along it, is 
deeply buried in the head (Fig. 7: stp). 

This interpretation of the mouthparts (see table) is 
in good agreement with the arrangement of muscles 
(Figs. 5-8). Thus, it becomes clear why, in spite of its 
mobility and large size, the "wedge-shaped append- 
age" has no muscles pointing to the head: 1st segment 
of maxillary palpus never possesses such muscles, but 
only those leading to the stipes (Figs 5-8: m4) and 2nd 
segment of the palpus (Figs. 5-8: m5). Among various 
muscles, previously regarded to be derivatives of 
a single cranio-lacinial muscle, only one is actually 
cranio-lacinial (Fig.5: ml), whereas the others are 
tentorio-stipital muscle derivatives (Fig. 5: n13). In 
fleas, the tentorio-stipital muscles originate from the 
cranium, or, more exactly, from the clypeus (Fig. 7: 
n13). instead of the tentorium; the same structure is 
typical of some Mecoptera (Fig. 8: 1713) (Hepbum, 
1969). Thus, fleas have all muscles of the initial 
Hexapodan maxilla, except the stipito-galeal one 
(Fig. 6: 1116), which is absent because of the loss of 
galea. 

The "unpaired sclerite," to whose apex the labial 
mentum is articulated, is commonly regarded as a 
submenturn (Snodgrass, 1946; Wenk, 1953). Nothing 
contradicts such a homologization: in the initial 
insects' mouth apparatus, all maxillary parts are paired 
and, thus, it is reasonable to regard the unpaired 
Sclerite as a part of the labium. However, Mecoptera, 
which are presumably related to fleas (see below), 

lacinia 
lacinia 

ogization proposed by different authors 

lacinia 
stipes 

Snodgrass, 1946 here 

stipes 
maxillary palpus 
(segm. Ist4th) 
mentum and labial palpi 

have a combined labio-maxillary complex, and Bo- 
reuslfgl (see below) has maxillary stipites fused to 
form a zygostipes in such a manner that the labium 
arises from the distal end of the zygostipes. Thus, it is 
not inconceivable that the "unpaired sclerite" is 
a result of accretion of some parts of the labium and 
maxillae. It may contain maxillary cardoes, which are 
absent among the mouthparts discussed above. 

epipharynx 

segm. l of maxillary palpus 
maxillary palpus 
(segm. 2nd-5th) 
mentum and labial palpi 

submentum 

Phylogenetic Associations of Aphaniptera 

labrum 

submentum (?) 

Various hypotheses about the phylogenetic associa- 
tions of Aphaniptera are associated with different 
interpretations of the flea mouthparts. The opinion 
about the relationship of fleas and dipterans was 
widely accepted in the past; the taxon uniting 
Aphaniptera and Diptera was named Dipteroidea 
Escherich, 1914 (circumscriptional synonym: Haus- 
tellodea Boudreaux, 1979). Initially, the opinion about 
the holophyly of Dipteroidea was based on the concept 
that the "conjugated stylets" of fleas correspond to 
the mandibles; in this case, it appeared that in fleas, as 
well as in gnats, the labmm and mandibles participate 
in formation of the blood-sucking haustellum. 

The concept of a significant similarity of the mouth- 
parts in Aphaniptera and Acercaria Biirner, 1904 arose 
due to another interpretation, according to which, 
the "conjugated stylets" and "levers" form the lacinia, 
and the "wedge-shaped appendage," the stipites. It 
was considered that the flea maxillary lacinia is 
retracted into the head and the stipes remains outside, 
similarly to those in Copeognatha Enderlein, 1903 
and Condylognatha Borner, 1904 (Thysanoptera 
Haliday, 1836 + Arthroidignatha Spinola, 1850) (Ma- 
tsuda, 1965). In the XVIII century, Condylognatha and 
Aphaniptera were united in the taxon Ryngota Fabri- 
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on the basis of the similarity of their 
On the assumption that the "levers" are 

md the "wedge-shaped appendage" are the 
le mouthparts of Aphaniptera and Acer- 
a minor resemblance, and the mechanism 
lovement, typical of Acercaria, appears to 
nique autapomorphy of this taxon. 

y, Aphaniptera are the most closely re- 
coptera and, in particular, to Boreuslfgl 
tional names: Raphioptera MacLeay, 
:omecoptera Crampton, 1930)~. The paired ' arr~ciuar~on of the pronotum with the mesepisterna 

(Schlen, 1980) and the presence of acanthae in the 
proventriculus (Richards & Richards, 1969) may 
be synapomorphies of Aphaniptera and Mecoptera. 
Some authors found their synapomorphy in the 
structure of the pleuro-coxal articulation, which is 
actually of the same type as that in many other insects. 
The translocation of the spiracles from abdominal 
segment I to the metepimera and the complicated 
articulation between the wing base and pleural wing 
process (retained on the metathorax in wingless fleas) 
(Schlen, 1980) may also be synapomorphies of 
Aphaniptera and Boreuslfgl. 

In this regard, the pupal leg development is of inter- 
est. In the flea species examined by me, the legs are 
differentiated in the prepupa: the apices of the fore leg 
buds are directed anteriorly (Fig. 2: ped.l), the middle 
and hind legs are strongly crumpled, and their apices 
are directed laterally. The position of leg buds in the 
prepupa differs from that of legs in the pupa. In flea, 
as well as in all other Oligoneoptera, all legs have in 
the pupa the same position, with the knees directed 
anterodorsally and the apices directed posteroven- 
trally. The pupal leg buds may replicate the initial 
position of larval legs in the flea ancestors (whereas in 
the present-day fleas, the larval legs are completely 
lost). A similar differentiation of the larval legs (the 
fore legs point anteriorly; and the middle and hind 
ones, laterally) is typical of Boreuslfgl. 
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