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THE PAPATACI FLIES (PHLEBOTOMUS) OF THE 
MALTESE ISLANDS.l 

By R. NEWSTEAD, M.Sc., A.L.S., &c. 

(Continued from p. 625.) 
SYNONYMY, AFFINITIES, AND MORPHOLOGY OF THE GENUS 

PHLEBOTOMUS. 

THOUGH the differential characters of this genus have been given 
by several authors, and Grassi [3] has published an elaborate memoir 
on the morphology and biology of Phlebotomus papatasii, I consider 
that this report would be incomplete without giving some details 
concerning the morphology of these insects; all the more so because 
Grassi's paper, in Italian, is now very difficult to obtain and is 
also a very costly publication, in fact the price (£1 10s.) for so small 
a work is practically prohibitive, and certainly not within the reach 
of students in general. 

I do not claim, however, to treat of this phase of the subject 
in an exhaustive way, but rather to point out the salient characters 
of these insects in a measure that may be helpful both to the 
medical profession and to the zoologist. 

The genus Phlebotomus was established by Rondani in 1840, 
though the species for which it was founded had been placed by 
various authorities in other genera, such as Bibio (Scopoli, 1786), 
Musca (Gmelin, 1788-1793), Ciniphes (Costo, 1840). But as 
Rondani's name is now generally accepted, one need not go into 
further details regarding the nomenclature and synonyms of 
Phlebotomus. The taxonomic position of this genus is with the 
family PSYCHODIDlE, and it is included in the sub-family PHLE
BOTOMINlE. All the members of this family are small nemocerous 
insects, characterized by the possession of relatively large wings, 
which are clothed with either scales or hairs; and one of the most 
familiar representatives, and one also which is widely distributed 
and nearly related to Phlebotomus, is the genus Psychoda (sub
family PSYCHODINlE), the members of which are generally known 
to Englishmen as "moth-flies" or owl-midges." The short 
diagnosis which follows will serve at once to distinguish Phle
botomus from any of the allied genera in the PHLEBOTOMINA!j, and 
also from the midges belonging to the PSYCHODINlE. 

J Reprinted from the B1Llletin of Entomological Re8earch, ,vol. ii, by kind 
permission of the Scientific Secretary. 
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R. Neu.'stead 29 

Genus PHLEBOTOMUS, Rondani. 
Mouth formed for piercing and sucking; palpi of five segments; 

antenna? long, filiform, and composed normally of sixteen seg
ments; wings hairy, narrow, second longitudinal vein twice forked, 
cross-veins placed near the basal fourth of the wing; body clothed 
with hairs; sexual dimorphism distinct. 

The larva (PI. I, figs. 7, 8) is characterized by its caterpillar
like form (eruciform) ; by the presence of two pairs of long caudal 
bristles, which may equal the length of the body, and by the 
absence of true legs. 

The pupa (PI. I, fig. 12) is obtectate, and may be recognized 
by the presence of the larval skin, which invariably remains 
attached to the last two segments of the abdomen. It should be 
borne in mind, however, that the partial retention of the larval 
skin by the pupa is not peculiar to the genus Phlebotomus, as 
Speiser [8J has shown that the larval skin of Helea (Forcipomyia) 
-regulus, Winn., one of the members of the CHIRONOMID}[i], also 
remains attached to the anal segments of the pupa. The larva 
of this genus does not, however, possess the long caudal bristles 
which are so characteristic of Phlebotomus, though in other ways 
it is not unlike the latter. 

External Morphology. 

Head (fig. 1) somewhat elongated, but distinctly narrowed 
at the nape, vertex clothed with long hairs; clypeus large and 
also clothed with hairs on the upper surface. Eyes large and 
in tensely black. 

Antennce (fig. 2) very long and slender, and in all of the Maltese 
species consisting of sixteen segments; the first and second seg
ments forming the scape are short and stout, the second one being 
somewhat spheroid in shape; the third is much the longest and of 
uniform width throughout; the remaining segments are gradually 
swollen proximally, especially the terminal ones; all are clothed 
with hairs; those arising from the swollen portions being much 
the longest, and considerably longer than the individual segment 
to which they are attached. In all of the Maltese species there 
are also present on several of the segments, and in both sexes, 
a pair of relatively large geniculated spines (fig. 2). These curious 
appendages are rendered practically invisible when the segment to 
which they are attached is mounted so that a dorso-ventral aspect 
is presented under the lens of the microscope; and for this reason 
apparently they have been hitherto overlooked by all the students 
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30 The Papataci Flies of the Maltese L~lands 

of this genus of insects. It is true that Grassi [3] has noted 
that "here and there one can observe a short hair curved and 
relatively thick"; but that he failed to recognize the true character 
and arrangement of these spines is perfectly clear. Now that they 
have been discovered it is highly probable that they will be found 
to exist in the majority of species, if not in all, and may, I think, 
be considered of generic importance. Annandale, in his description 
of the genus Brunettia, a new Psychodid discovered in Southern 
India, refers to a similar character, but in this instance the paired 
spines are somewhat S-shaped, and relatively much stouter than 
the corresponding spines in Phlebotomus. In the light of these 
discoveries, therefore, it is possible that similar spines may be 
discovered in various other members of the same family, though 
it is highly improbable that such structures will eventually be found 
to exist in all of them. 

FIG. l.-Head of Phlebotomus papatasii; ant., antenna; e, eye; cl., clypeus ; pal. 1, 
palpus; pro., proboscis. 

Palpi (fig. l).-These organs are generally said to be com
posed of four segments, but there are undoubtedly five, and 
this number may, I think, be considered common to all the 
members of this genus. Annandale [1] has pointed out that "a 
minute basal joint can sometimes be distinguished in fresh 
specimens," but that it is "often difficult to see, and appears to 
be imperfectly separated from the others." That the small basal 
segment is clearly articulated to the second there can be no doubt, 
as it can be seen quite distinctly when mounted so that it is not 
obscured by the surrounding structures. All of the segments are 
clothed (in P. papatasii at least) with variously formed scales, 
intermixed with a few hairs. The scales on the first three seg-
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R. Newstead 31 

ments are for the most part very long and somewhat hair-like, 
those on the remaining segments short and closely packed together. 
The fourth and fifth segments, especially the latter, are distinctly 

FIG. 2. -Antenna of Phlebotomus papatasii. 

but somewhat irregularly annulated or ringed, a character which 
has also been hitherto overlooked by former investigators. In 
life, when these organs are at rest they are bent downwards and 
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32 The Papataci Flies of the Maltese Islands 

backwards at the articulation of the third and fourth segments: so 
that the anterior half of the palpus is folded back more or less upon 
the proximal half; by this curious arrangement practically the 
whole of the proboscis is covered or protected (fig. 1, pal. 1). 

?~~'··'"lbr. I. , 

lbr. 

i
'···" /'/ 

", ./ 

mx. , .. :,.-

FIG. 3.-Mouth.parts of Phlebotomus papatasii, ~. lb., labium; lbr., labrum. 
epipharynx; hy" hypopharynx; md., mandible; mx., maxilla. 

The upper figure represents the labrum. (lbr. 1) and hypopharynx (hy. 1); male, 
P. papatasii, as seen in profile. 

Proboscis ~fig. 1). - Slightly shorter than the head, inclusive 
of the clypeus; in form it is somewhat cylindrical and slightly 
re curved distally. In the female it is composed of the follow
ing parts: The labinm (fig. 3, lb.). This is much the largest 
organ, and, as far as one can judge, by viewing it in optical section, 
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R. Newstead 33 

it almost completely embraces t}le labrum-epipharynx; the proximal 
half is sparsely clothed with lanceolate scales, and. the first third 
is markedly narrower than the rest; immediately in front of the 
dark chitinous apodeme or sclerite is a curved row oLlong, fine 
hairs; the labella are scarcely broader than the widest portion in 
the region of the apodeme, and are clothed with a number of fine 
and rather long hairs. The labrum-epipharynx (fig. 3, lbr.) is 
relatively narrow and the sides are parallel, but the apex is suddenly 
attenuated, the tip bluntly pointed, arid the margins furnished with 
a series of long spinose teeth set closely together and numbering 
:1bout twenty on either side; ventralIy it is deeply and broadly 
channelled, but does not appear to possess interlocking teeth or 
other. structures. The hypopharynx (fig. 3, hy.) is similar in width 
and gep.eral form to the labrum, but tapers off much more gradually 
towards the end, and. the marginal spinose teeth are much shorter 
and placed so closely together as to present a finely serrated edge; 
its upper surface is distinctly and broadly. concave or tough-like,. 
and the salivary duct, which is small, occupies a' central position. 
The mandible.s (fig. 3, md.) are broad and blade-like, and have the 
outer edges faintly serrated, the serrations being rather. widely 
separated. When at rest they lie, apparently, superimposed one 
over the other. The maxiZZm. (fig. 3, rnx.) are much narrower than 
the mandibles, curved transversely, and attached to a broad, tough
shapedsclerite, not to a long, slender stalk as Grassi has shown. 
One edge is provided with five relatively large and widely separated 
teeth; the opposite edge with smaller ones set closely together .. 

Thorax (fig. 8). - This consists largely .. of the meso-thoracic 
division, the prothoraxbeing represented by a very short extension 
which can be seen more or less distinctly in examples' which. have 
been macerated and mounted in Canada balsam. The scutellum 
and post-scutellurn are well developed and conspicuous in mounted 
preparations. 

Abdomen.-This. is composed of ten segments, the last being 
modified by the external genitalia. In the female the appendages 
are simple, flattened, leaf-like structures, densely clothed with 
hairs and arranged.in two pairs (figs. 8, 10). In the Maltese. species 
they are all so similar in structure as to afford no diagnostic 
characters of importance. Annandale [1] states that these 
organs "become distorted and shrivelled in dried specimens." 
These structures can, however, be restored by maceration in caustic 
potash, but the best results may. be obtained by preserving the 
speCImens in alcohol. 

3 
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34 The Papataci Flies of the Maltese Islands 

External Genitalia of the Males.-These are large and complex 
f:itructures (figs. 14 to 18), and afford a ready means of determining 
the sexes; moreover, their morphological characters are of great 
importance, as they present very marked specific differences where
by the closely allied species may be readily distinguished. These 
appendages are arranged in five pairs as follows·: Superior elaspers 
(se. in all the figures). These are placed dorsally, and are larger 
than any of the other structures; they are composed of two distinct 
segments, of which the terminal or distal one is the smaller, and 
is provided at the apex with large spines, which in some species 
are curiously modified. They are generally densely hairy and large 
scales may also be present; but both hairs and scales are easily 
deciduous, and the greater portion of them usually fall away 
during the process of mounting for microscopical study. The 
a~companying illustrations must, therefore, be considered as 
representing these structures in a partly denuded condition. In
ferior elaspers (ie.). These are unisegmented and much shorter 
than the superior pair; they are ventrally placed, and mayor may 

_ not have modified spines at the distal extremity. Submedian 
lamellre. These lie between the inferior claspers, and although 
they are usually short, thin, leaf-like structures, in some .instances 
(P. l1Linutus) they are very similar to the clasp er both in form and 
length. Intermediate appendages (ia.). These occupy a medianposi
tion, and are often curiously modified; they form a branch of the 
superior clasper and are sometimes bi-Iobed. Intromittent organ (io.). 
This is homologous with the" juxta" in Glossina, and is described 
as the penis by Grassi. It consists of a pair of long, slender and 
highly chitinized organs, which lie between the intermediate appen
dages. These completely ensheath the two long filamentous pro
cesses which form a continuation of the ejaculatory duct leading 
from the penultimate segment of the abdomen. In P. papatasii 
they have not been seen to extend beyond the intromittent organ 
or penis, while in P. pernieiosus (figs. 16, 17), though lying appar
ently in a normal resting position, they project beyond it to a 
distance equalling one-half the length of the sheath. . 

. Wing.-This is densely hairy, and may at once be distinguished 
from that of the mosquitoes (CULICIDlE) by the entire absence of 
scales, the double fork of the second longitudinal vein, and the 
proximal position of the cross-veins. The hairy character is well 
shown in the illustrations (PI. Il, fig. 2, and PI. Ill, figs. 1, 2), 
and when denuded (figs. 4 to 7) the venation can be seen with 
little difficulty in properly prepared specimens. '1'he costa is the 
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R. Newstead 35 

FIG. 4.-Wing.venation of Phlebotomus papatasii; upper, ~ ; lower, ~. 

FIG. 5.-Wing-venation of Phlebotomus nigerrimus. 

Fro. 6 .. - Wing-venation of Phlebotomus perniciosus. 

FIG. 7.-Wing-venation of Phlebotomus minutus. 
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36 The Papataci Flie.~ of the Maltese Islands 

thickest of the veins. The sub-costa, in comparison with that of 
the CULICIDlE, is very short, curves downward distally, and joins 
the first longitudinal vein at or about one-fourth of the distance 
between the base and tip of the wing. The first longitudinal lis 
simple, and unites with the costa about one-third from the tip; 
the second longitudinal is twice forked, and extends almost to 
the base of the wing; the third longitudinal is simple, and 
originates from the mid cross-vein; the fourth has origin at the 
base of the wing and is forked near the middle; the fifth and sixth 
are simple and united basally, the former curving upwards and 
uniting with the fourth considerably in advance of the base of the 
wing. The first cross-vein unites the costa with the sub-costa at 
a point immediately opposite to the turned-down portion of the 
latter, 80 that in effect they produce two" cross-veins: the first 
extending from the first longitudinal vein to the sub-costa, the 
second from the tip of the latter to the costa. The mid cross-vein 
arises from the base of the third longitudinal and passes obliquely 
to the fourth; while the supernumerary vein is placed immediately 
above it, and passes obliquely to the second longitudinal. 

Legs.-These are very long and slender and densely clothed 
with scales, the majority of which are fiat, and closely resemble 
those which are foued in the CULICIDlE. The ungues are simple 
in all of the Maltese species, and do not· offer any diffe:t:ential 
morphological characters. 

Internal Morphology. 

The Alimentary Canal (fig. 8). 
This structure differs from that of the mosquito in having a true 

sucking stomach, and also in the possession of four Malpighian 
tubules instead of five. The general form and relative position of 
these organs in the female are as follows :-

The buccal cavity lies at the base of the clypeus ; it is dilated 
distally, but almost immediately contracts and forms a slender tube 
which leads to the pharynx. 

The msophagus divides at a point a little in advance of the 
posterior margin of the head (nape), one tube leading to the 
sucking stomach, or food-reservoir, the other to the digestive 
canal. 

The Sucking Stomach.-This is a large, thin-walled pouch, con
nected with the end of the resophagus by means of a very slender 
tube. It lies on the left side of the digestive canal, and extends 
distaIly as far as the region of the fourth abdominal segment. 
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R. Ne'Wstead 37' 

The Mid-gut or Chyle Stoma ch.-This is capable of great dis
tension, and when filled with fresh blood occupies a large portion 
of the abdominal cavity; but when such food has been partly 

Scutellum Sucking 
stomach 

Mid-gut 

Malol(/hlc7n tubules 

Thorax 

FIG. B.-Internal morphology of Phlebotomus. 

Eye. 
~-~-+-Salivary 

Oesophagus '---,...=-I-~~H-f 

M id- gut -~~fl-tttl 

duct 

Salivary 
gland 

-FIG. g.-Head of Phlebotomus, showing position of salivary glands. 

comminuted it becomes much smaller, and can be easily seen as 
a black, elongated pouch in the anterior portion of the body. 

Malpighian Tubules.-There are two pairs of urinary organs, 
ea.ch pair being united at their bases, where they form a single tube, 
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38 'Phe Papataci Flies of the Maltese Islands 

which is connected with the intestine immediately below theVmid
gut. They are of great length, extending forwards as far as the 
first abdominal segment, where they are folded and doubled back
wards upon themselves, and also form loops in the mid-region of 
the ventral portion of the abdominal cavity. 

The Salivary Glands (fig. 9).-These consist of two broadly 
dilated or lobe-like acinous glands, lying one upon either ~side of 
the prothorax. The periphery of these glands presents an even or 
smooth surface, and immediately within the exterior wall is a series 
of rather large secretory cells. The ducts leading from the acini 
unite near the mid-region of the head, forming a common duct, 
which enters the buccal cavity close to the base of the c1ypeus. 

FIG. lO.-A female Phlebotomus, showing fully matured ovaries. 

The Sexual Organs of the Female. 
The ovaries occupy a variable position in the different stages of 

their development. In the early adult stages of the insect (fig. 8) 
they are very small, and are seen to extend from just behind the 
origin of the Malpighian tubules to the region of the penultimate 
segment of the abdomen. When fully matured (fig. 10) they occupy 
practically the whole of the abdominal cavity, extending forwards 
as far as the second segment. They are bi-Iateral, and each ovary 
comprises 20 to 25 ova, representing a full complement of 40 to 50, 
so that these insects cannot be considered very prolific. The tubular 
oviducts unite at a point just before reaching the base of the 
inferior c1aspers, where they form the common oviduct. 

The spermathec(J3 (fig. 11) lie in the median line in the region 
of the oviducts. They consist of a single, thin-walled, sub-spherical 
sac, and are relatively very large; at their junction with the duct 
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R. Newstead 39 

they are strongly chitinized, and consist of usually ten transverse 
and convex ridges, which are'so constricted at the margins as to 
present, in optical section, a distinct and well-marked crenulation. 
The tubular ducts, which are long and straight, open into the 
oviduct near to its ,termination, apparently. 

Ova ries --+-hi:+--1'Ic-\'-\ ...-'r--t---Sebaceous 
gland 

j'jo'-~rf---j-+-'- Spermafheca 

I/~¥-----I-~-Oviducf 

~w:---Inferior c!asper 
'_""".k" 

,'-'-"''''----Superior c/asper 

FIG. H.-Female generative organs of Phlebotamus. 

Sexual Organs of the Male (fig. 12). 
The external characters of the male armature or cC' ~~ulatory 

apparatus have already been discussed (p. 34), and although the 
internal sexual organs have been but briefly studied, from pre
parations examined in optical section, yet a brief account of them. 
may not be without interest. These consist of the following :-

The testes.-These may present a somewhat variable outline, 
though normally they are elongate-ovate; they are distinctly paired 
and widely separated, each possessing its own duct, which enters 
the seminal vesicle at its anterior lateral margin. 

The seminal vesicle consists of a large pyriform sac, the proximal 
portion of which gradually narrows and merges into the short, 
tubular, ejaculatory duct. 

The ejaCUlatory duct is connected with a singular morphological 
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40 The Papataci Flies of the Maltese Islands 

structure which, together with the chitinous rods, presents a slender 
and somewhat club-shaped though cylindrical process. The outer 
walllof the swollen portion is formed of thin transparentchitin; 
and occupying a central position is a piston-like rod which is 
dilated at both extremities; the distal· portion somewhat resembles 
an inverted bulb, the opposite dilatation forming a more or less 
spherical sac. The space between the central structures is seen 

@~~;;::::::-=--Testis 

~-- Seminal vesicle 

Ejacl.llatory' 
dl.lcts ---7Y 

Pen is ---",.,.[. 

FIG. 12.-:M:ale generative organs of Phlebotomus. 

to contain delicate muscular fibres; and the ejaculatory duct leads 
into the spherical cavity at the lower end of the piston-like rod. 
Grassi's interpretation of the mechanism of this structure is that 
it acts like a little pump (pompetta) , and regulates the exit of the 
spermatozoa. Beyond this structure the ejaculatory duct is pro
tected by two slender, hair-like rods, which are highly chitinized 
and form the "intromittent organ," which has already been 
described (p. 34) as extending into and in some cases considerably 
beyond the penis-sheath or juxta. 

OVIPOSITION OF PHLEBOTOMUS IN CAPTIVITY. 

The act of oviposition was observed on several occasions and 
was not without interest, as the insect assumed a position which 
seemed altogether unique and extraordinary. In the first instance, 
a female with ripe ova was placed in a small glass-topped box, the 
bottom of which was within focal distance of a lens magnifying 
eight diameters. She was supplied with blotting-paper which had 
been soaked in clean water. On placing this in the box the insect 
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R. Newstead 41 

immediately alighted upon it, brought her proboscis into contact 
with the paper, and after a few seconds appeared to be perfectly 
intoxicated and helpless. Unfortunately, she struggled away and 
was finally hidden beneath the paper,so that further observations 
at the time were impossible. After an interval of a few minutes 
she reappeared, crawled up the side of the box, and one and a half 
hours later seemed as active as when first captured. On the 
following day, at 9.30 a.m., a fresh supply of wet blotting-paper 
was placed in her cage, when in less than sixty seconds she alighted 
upon it and assumed the flame extraordinary attitude as on the 
previous evening at 6 p.m., collapsing immediately and placing 
her legs so that the middle and hind pair were crossed behind the 
abdomen, the front pair remaining almost in a normal position. 
The abdomen was then elevated and extended to the full and three 
eggs were laid at short intervals. Each egg appeared under the 
lens as a· tiny translucent drop of fluid, and was ejected with 
considerable force to a distance equal to about three times that 
of the length of the abdomen. This process lasted for about two 
minutes, and afterwards· the female crawled slowly away and up 
the side of the box, appearing weak and fatigued. Here she re
mained almost motionless for nearly three hours, gradually raising 
the whole of the body until it assumed a normal resting attitude. 

On removing the blotting-paper which had been placed in the 
cage the previous evening, seven additional eggs were found, and 
these were evidently laid the previous evening when the insect 
was observed to go through the evolutions which have just been 
described. At 12.30 a.m. the same day she repeated the process 
when freshly moistened blotting-paper was supplied. On this 
occasion two eggs were laid, and these were found attached to
gether side by side. At 5 p.m. two additional eggs were laid, the 
same curious attitude being assumed as before, but although 
frequently supplied with fresh wet blotting-paper she did not 
produce any more eggs, and at 10 p.m. she died. On making an 
examination of the abdomen it was found to contain eight fully 
developed ova, so that it is quite evident that this female had laid 
eggs elsewhere and previously to her capture. 

The act of oviposition was seen on subsequent occasions, but 
in two instances the females died after remaining in a collapsed 
condition for periods of two and a half hours, and three hours and 
three-quarters, respectively. Both examples had their abdomens 
well filled with ripe ova, and had apparently not laid any eggs 
before they were captured. 

(To be continued.) 
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