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THE PHLEBOTOMUS FLIES OF THE 
MALTESE ISLANDS. 

By CAPTAIN P. J. MARETT. 
Royal Army Medical Corp8. 

THE phlebotomus, a psychodida, commonly misnamed the 
sand-fly, is to be found in many parts of, the tropical and sub
tropical world. It is a well-known pest, but is frequently con
founded with the true sand-fly, a simulium. These two families 
of blood-sucking insects have· quite different life-histories, the 
simulium passing its preliminary stages in water, the phlebotomus 
its early life in damp organic detritus. 

It is all the more confusing that the short fever due to the 
phlebotomus should be known as sand-fly fever. 

As regards the different species of the genus Phlebotomus found 
in Malta, these have been worked out by Professor Newstead, 
of the Liverpool School of Tropical Medicine. 

More work requires to be done in this direction, as it is certain 
that in Gozo other species exist, both among the large varieties 
and among the small. This aspect of the question was not studied, 
time being the determining factor. One variety, however, will be 
mentioned here; it very much resembles P. papatasii in size, 
and is very similar to, if not identical with, the P. papatasii of 
Austria. In this species the third segment of the antennre in both 
sexes is only one-third longer than the fourth segment; and in the 
male, the terminal segment of the superior clasper is longer than 
the inferior clasper. I am indebted to Professor Doerr for 
four specimens of papataci from Mostar. They are labelled 
P. papatasii, but they differ from the Malta species of that name, 
in the above-mentioned essential points. There is no doubt that 
these two varieties, called P. papatasii, are different, and it is 
probable that a difference in the species of fly accounts for the 
difference in the severity of the Malta and of the Austrian sand-fly 
fever. 

THE LIFE-HISTORY. 

Breeding Haunts.-The breeding grounds mentioned in my 
preliminary report (1910) were rubble walls, embankments, caves, 
bastions, &c. To these must be added a new hreeding place which 
was found in Gozo. The married quarters in Gozo suffered severely 
from flies. Stones from the surrounding ground had been collected 
together! and had been piled up at the back of the quarters; this 
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heap came under suspicion a~d was removed, when the ground 
ventilators were found to be a refuge and probable breeding place. 

The number of specimens of larval and pUpal found last year 
was small in proportion to the number found .this year. During 
the summer of 1910 most of the work was carried out on rubble 
walls in Malta. This year (1911) a cave in Gozo, which' was 
previously mentioned, was searched. The conditions in this cave 
were identical with those found in walls-i.e., darkness, dampness, 
and food supply were the same; there was also the important factor 
that the place was undisturbed. Here, on more than one occasion, 
two pUpal have been found on one stone; and once as many as six 
specimens -larVal, pUpal, and cases-were found within fifteen 
minutes in a small area. There is, therefore, no reason to retract 
or substantially alter any of, the statements made previously as to 
the breeding places of these flies. 

Habitat of the Dijjerent Species. -Po papatasii breeds out in 
caves and in embankments. These embankments are made by the 
deposition of rocks and stones, which allows of miniature caves 
existing in their depths communicating freely with the exterior; 
besides this, in many of the embankments to the fortification walls, 
there exist disused chambers which have been partially filled in 
with stones and rubbish. 

P. perniciosus and P. minutus breed chiefly in the ordinary 
rubble walls and in the bastions; here the communications with 
the exterior are much smaller, allowing free entrance to the smaller 
varieties of the fly. These two species appear also to breed in the 
ground ventilators. 

Length of Life.-Nothing more can be said of the time required 
for the development of the egg to the imago. The full time 
required for the various instars is as follows:-

Life of Egg.-In the hot weather these hatch out in from six 
to nine days. In cold weather they take a longer time, but as a 
rule, in moist test-tubes, if they have not hatched at the end 
of fourteen days, they become covered with moulds. In tubes 
which are kept somewhat dry, eggs have hatched out twenty days 
after being laid. No observations have been made with eggs in 
nature, as they are too small to be found. 

The length of life of the larVal is about eight weeks in the 
summer. When the temperature is low, or when, there is an 
excess of moisture, the larVal assume a resting stage, in which they 
are very feeble. In all probability they hibernate in this stage. 

The length of life of the pupa is from eleven to sixteen days. 
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The total duration of these three stages, therefore, works out at 
about three months. This corresponds with the incidence of fiies 
in nature. Flies appear and increase rapidly in numbers from the 
end of May and during June. These flies are probably from the 
last year's larval; they diminish in numbers during July and the 
beginning of August, and again become numerous from the latter 
half of August, till November when they disappear. 

The IJength of Life of the Fly.-This has been estimated in two 
ways. In the first, pUpffi, adhering to their stones, were put up 
in earthern dishes, covered over with chiffon and kept in a cave. 
When the pupa hatched out, the fly was caught in a test tube, 
prepared with moist detritus, a mate being introduced into the 
test-tube. 

Of pUpffi, only four were thus treated. Copulation was not 
observed in any instance, and great difficulty was experienced in 
getting the flies to feed. The best result was where the fly, a 
female, lived for ten days. She fed on the second, fifth and eighth 
days. On the tenth day, she was found dead, having laid about 
thirty eggs on the cotton-wool plug of the test-tube. 

The shortest life was six days. The fly was a female; she was 
given a mate, but she refused to feed, although feeding was 
attempted every day. She died without eggs being found either in 
the test-tube or in her body, which had none of the appearances of 
pregnancy. The other two fiies, one a male, died on the ninth 
day, the other, a female, on the seventh day. No eggs were 
obtained from this last fly, although she fed on one occasion. 

The average life of these four flies is eight days. 
The second series of experiments were carried out in September 

at Sir RonaldRoss's request, and to him I am indebted for the 
conclusions arrived at concerning the length of life of sand-fiies. 

Flies resting on the walls of a room were caught in the usual 
way, either in the hospital or in the officers' mess. On windy nights 
flies do not appear, but they come out simultaneously in large 
numbers on still nights. During September watch was kept every 
evening for flies, and when they appeared as many specimens as 
could be caught were obtained and immediately placed in cages. 
The cages were '2 ft. by 1 ft. by i ft., the floor and back made of 
wood, the remaining sides having their frame-work covered over 
with chiffon. The flies were given the opportunity of feeding on 
fresh or moist detritus, a Petri dish containing it being put into the 
cage daily; both male and female flies were to be seen in this 
detritus. For the feeding of females a guinea-pig was used at 
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first; the animal was placed in a cardboard box, the open top being 
laced up with string, thus allowing the flies free access to it. Later, 
when this method failed the flies were fed every evening, at sunset, 
on human blood. During the day the, cages were kept in a cave; 
at sunset they were removed to an ordinary room. Whilst the 
cages were being transferred they were inva~iaply covered over to 
protect the flies from the wind and from the sun. 

Experiment I.-Fifty-one flies were put up in a cage on the 
night of September 12, 1911. These were all caught in the officers' 
mess. The following table gives all the data:- . 

Date of I Number 
MALES FEMALES 

death died 
P. m~,ut'''1 p.pern~iO"''' 

Remarks 

P. m'i'nutus P. pern'iciosus 

------ -------
13.9.11 7 2 . 2 1 2 -
14.9.11 19 5 6 3 4 1 ? undetermined, hal 

eaten by spider. 
15.9.11 7 - 4 - 3 -
16.9.11 - - - - - -
17.9.11 2 - 1 - 1 -
18.9.11 9 - 3 1 5 -
19.9.11 3 1 - 1 1 -
20.9.11 1 - 1 - - -. 
21.9.11 2 - 2 - - -
22.9.11 1 -., 

r 

- - 1 -

The longest period during which a fly lived in the cage was 
ten days. The flies were caught after a windy night, and it is 
probable that some at least were 'caught on the evening of their 
first appearance. From this experiment the average life of flies in 
the cage works out at 3'6 days. 

Experiment II.-Fourteen flies were caught in hospital on the 
night of September 18. A strong wind had been blowing during 
the evenings since September 13, 1911. 

lIIALES FEMALES 

Date of Number 
death died Remarks 

P. minutus P. perniciosu8 P. minutus P. perniciosus 

----------- -----------------
19.9.11 5 - - 2 3 Of these flies 4 had 

finished laying eggs 
and 1 was full of ripe 
eggs. 

20.9.11 - - - - - -
21.9.11 4 -. 1 1 2 -
22.9.11 -- - - - - -
23.9.11 I 4 1 - 1 - 2 indistinguishable -

half eaten. 
24.9.11 1 - - - 1 -
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166 The Phlebotomus Flies of the Maltese Islands 

The longest duration of life in the cage was six days. If some of 
the flies were hatched on September 13, 1911,and unable to leave 
their habitats owing to the windy weather, the longest possible 
life would work out at twelve days. The average life in the cage 
works out at three days. 

Experiment IlI.-Flies put up in the cage on September 22, 
1911. Wind blowing every evening since September 19, 1911. 
Calm, warm sirocco night. Flies caught in officers' mess. 

MALES 
! 

FEMALES 
Date of Number Remarks death di.d 

P.11tinutus P. per'!licio8'US ~P. min1tt1ls P. perniciosus 
----------------------------------

23.9.11 1 - - - 1 -
24.9.11 17 5 8 1 2 1 ~ half eaten. 
25.9.11 12 2 6 - 2 2 male P. papatasii. 
26.9.11 5 1 2 2 _. -
27.9.11 5 2 2 - 1 -
28,9.11 - -- - - -

I 
-

29.9.11 1 - -- - 1 -

The longest duration of life in the cage was seven days. The 
possible life, counting from September 19, 1911, works out at eleven 
days. The average life in the cage works out at three days. It 
must be noted that in the above averages the day on which flies 
were put into the cage is not counted. If this day is counted, the 
averages work out at 4'6 days, 4 days, and 4 days for Experiments 
I, Il, and Ill, respectively. General average, 4'2 days. 

Experiment IV.-The flies were placed in the cage on Septem
ber 27, 1911. A strong wind had been blowing since September 23, 
1911. No flies died on the 28th or 29th. The last fly died on 
October 2. 'l'hese flies were caught in the hospital; circumstances 
did not allow of a daily examination of . the flies. The longest 
duration of life in the cage was six days. The longest possible life 
dating from September 23 works out at ten days. Taking the 
combined ages of all flies III both series the following result lS 

obtained :-
Days after caging 1 2 3 ,1 5 6 7 8 9 10 
Four flies bred from pupa 1 1 1 1 
Experiment n, 51 flies ca.ught 7 19 7 0 2 9 3 1 2 1 

" 
IH, 14 5 0 4 0 4 1 0 0 0 0 

" 
IV, 41 1 17 12 5 5 0 1 0 0 0 

Total flies } 106 
caught 13 36 23 5 11 10 4 1 2 1 

Multiplied by heading 13 72 69 20 55 60 28 8 18 10 

= 353 total days. 
853 tota.l da.ys 3 335 d . 1'£' t' 't f d ft' 106 total flies =' ays-average I e III cap IVI y 0 cage les. 
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Ten days is the maximum duration of life, and was observed in 
two out of 110 flies in captivity. Now the deaths on the second and 
third days of captivity are in excess of the theoretical mortality, 
which points to the fact that caging had a deleterious effect on 
the flies. 

From the above results it may be stated that the "potential 
longevity," i.e., the maximum possible life, is certainly over ten 
days-possibly considerably over this period . 

. The average longevity (3'335 days) is for insects of all ages. 
This average longevity of insects in captivity is inferred to be only 
one half the average longevity (also called" viability") of insects 
studied from birth. Thus the true viability of sand-flies should be 
about 2 X 3';;35 days = 6'67 days. Here the first day of capture 
has not been counted in. Where this day is counted, the average 
length of life of all flies works out at 4'2 days, and the true viability 
becomes 4'2 X 2 = 8'4 days. This figure agrees with that for the· 
four flies bred from the pupa t (6 + 7 + 9 + 10) = 8 days, which, 
of.course, is based on a very few observations. 

The number of flies under observation was possibly hardly 
sufficient, but the experiments extended over a month. In the 
work carried out on the length of life of the fly in 1910, the average 
length of life was given as " about ten days." 

The question of length of life is intimately mixed up with the 
epidemiology of the disease. The longer the life of the transmitter, 
the greater the damage done by each individual fly, and therefore 
by the great mass of flies. 

It has been worked out by Professor Doerr and by Lieutel1ant
Colonel C. Birt, R.A.M.C., that the fly is only infectious for seven 
days after having fed on an infected patient, so that a fly infectious 
on the seventh day of life on an average, probably only lives four 
or five days during which it is a carrier of disease. 

In time, it may be possible to prove that a definite relationship 
exists between the length of the duration of a disease and the 
length of life of an insect which is the host or carrier, so that where 
a disease is one with a long incubation period, and a long duration, 
it will be necessary to search for an equally long-lived transmitter. 
'1'he reason for this is that the germ of the disease must go through 
a correspondingly long cycle in its host, whether that host be a 
human being or the transmitter of disease to the human subject. 

Incidence of the various Species.~This depends greatly on 
locality. Where there are caves and embankments, P. papatasii 
are numerous. P. perniciosus and P. minutus are to be found 
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wherever the flies are, but especially where there are bastions and 
rubble walls. The two latter varieties appear to exist in about 
equal numbers. P. papatasii are fewer in numbers than the 
above, while P. nigerrimWi is scarce. 

Habits of Flies.-On warm, still sirocco nights from June 
to October, flies are to be found. They appear at sunset, and if 
they have been kept in their breeding haunts for a day or so by 
the wind, their biting is far more noticeable. When a wind is 
blowing at night they do not appear till it drops. At daybreak 
they disappear, and if a wall be then watched they may be seen 
entering it. 

Effect of Wind.-When flies in a cage are exposed to a breeze, 
they cling to the chiffon, and their wings become twisted. On this 
account they are unable to withstand any wind. During windy 
periods the flies can be seen in the depths of caves. Their sensi
bility to moving air appears marked, for as soon as a plug is removed 
from a test-tube the fly will escape. 

Effect of Light.-Daylight is inimical, and direct sunlight is 
injurious to the sand-fly. Artificial light, however, attracts them. 
This is not noticed where electric light is used, but in barracks 
lit by oil lamps this is seen in a marked manner, by the flies 
adhering to the lamps. If some white substance, paper or cloth, be 
spread beneath a lamp, it will be found to be covered with the 
bodies of flies which have been burnt during the course of the 
evemng. 

Distance of Flight.-This question, owing to the size of the fly, 
to its habit of appearing at night, and to the close proximity of 
breeding places, is extremely hard to settle. This year, however, 
with a knowledge of the different species, it has been possible to 
get a little nearer to a solution. Fort Chambray has its barrack 
block placed ona plateau, well exposed to any available wind, and 
at a distance of forty to fifty yards from the nearest fortification 
walls. Here the men did not suffer from the bites of sand-flies. 
On the other hand, the married quarters, placed close to the 
bastion wall, at a distance of fifteen to twenty yards, were infested 
with flies. From this it would appear that the estimated range of 
flight might be possibly reduced, and may be taken to be less than 
that of the mosquito. The height of flight cannot be determined 
with accuracy, but undoubtedly the upper floors of a house are 
much freer from the fly, except where the building is built on 
a bastion, or where there are rubble walls erected against the 
building. 
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Food.-Both male and female flies have a habit of burying the 
mouth parts in moist detritus. The females alone are blood
suckers; in no instance has a male fly been found to contain blood. 
The females will suck blood from any warm-blooded animal, and 
have been caught issuing from a wall with fresh blood in the 
stomach, probably from biting a rat in the wall. 

Prophylactic Measures. Suggested Measures for the Prevent'ion 
of Breeding.-Last year, 1910, it was suggested, if all walls in close 
proximity to barrack rooms were properly faced, so as to prevent 
communication witb the interior, that the number of flies would 
be lessened. This was carried out on an experimental scale in 
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Plan of New Portion of Floriana Barracks occupied in 1903. 

a small area of the Floriana Barracks, which have always been 
notorious for the large number of admissions to hospital for sand
fly fever. His Excellency the Governor and Commander.in-Chief, 
sanctioned the repair of this rampart by the Royal Engineers. The 
work was carried out so as to be completed before the beginning of 
the sand-fly season. The plan shows the area as it was in 1907. 
The rampart is some 10 to 12 ft. thick, and on the side of the 
barracks is about 5 ft. high, whilst on the opposite side there is 
a drop of about 40 ft. The wall for a distance of about, 50 to 
60 yds. was cleared of· vegetation, and all cracks and holes were 
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filled in, special care being taken of that portion of the wall at 
ground level on the barrack-side, where the ground was found to 
be hollow in several places,· and here the earth and stones were 
mixed w~th cement and replaced, so as to allow as little com
munication as possible with the interior of the wall. On examina
tion of the work after it had been completed, it was found that ants 
had worke~ their way out in several places, so that these have to 
be reckoned with. The barracks were visited on several occasions 
at night, sometimes rooms were searched for flies, but more often 
an hour or so was spent sitting in the open, under the wall by the 
trees. In the early part of the season, the barracks were remark
ably free from sand-flies. Later,towards the end of the sand-fly 
season, it was reported that there were some flies. The results of 
the work seem to be good, as the admissions to hospital for the 
summer (1911) for sand-fly fever for a recently-arrived regiment 
were only two. Cases of fever were occasionally detained, I was 
informed, but there is little doubt that this improvement, especially 
amongst new arrivals, was due in a great measure to the work that 
has been carried out. The appearance of flies towards the end of 
the season was probably due to ants and wood-lice penetrating the 
walls, &c. To counteract this, once the walls have been repaired, 
it would be an easy matter for the walls at ground level to be kept 
under supervision by regimental labour. 

This increase of flies may also have been due to the ground 
ventilators acting as breeding places. These should be protected 
by coverings of fine-meshed wire gauze. 

The'wholesale repairing of bastions is an enormous undertaking, 
but the repair or removal of walls within 15 to 20 yds. of sleeping 
rooms could be accomplished. 

Prophylactic measures can be divided under the following 
headings:-

(1) Work carried out by engineers, (2) by sanitary squads, 
(3) by individuals. 

(1) Work by engineers. 
(a) Repair of all walls within 20 yds. of inhabited buildings. 
(b) Removal of useless walls and heaps of stones, &c. 
(c) Levelling of portions of bastions to allow of freer aIr 

circulation. 
(d) Where large quantities of stone are massed together covering 

them with a good layer of soil. 
(e) Making wire fences instead of walls for boundaries, or, if 

walls have to be used, to build them of solid masonry; but this 
would be very costly. ' 
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(j) Putting fine meshed wire gauze over ventilators. 
(2) Work carried out by sanitary squads and regimental labour. 
(a) Removing all rank vegetation and refuse from bases of 

walls and from all holes; these should be filled in and levelled. 
(b) Burning all weeds on rough-made ground round barracks so 

as to allow of holes in the ground being seen and filled in. Where 
stones crop up, these should be beaten in and covered over with 
earth. Gardens on such made ground should be encouraged; the 
earth and the watering that is essential to their maintenance, and 
the roots· of plants, will assist in keeping the surface unbroken. 
Large embankments should be planted over with native aromatic 
plants, such as thyme and pennyroyal, and kept well earthed. 

(c) Filling in arid destroying all ant-holes and other channels 
made by insects, especially when in connexion with walls. 

(d) Care of wire gauze to ground ventilators to see that these 
are kept in repair. 

(3) Work carried out by individuals in barrack rooms. 
(a) Windows to be kept open to allow of utmost circulation 

of air. 
(b) Bed cots to be kept well away from walls. 
Cc) Kits to be taken down and removed from walls daily. Great 

coats and black kit-bags, especially when in a corner of a room, 
are a great harbour of refuge to the fly during daylight. 

(d) Ointment to be provided for the use of men. If properly 
looked after and used according to directions, one ounce of ointment 
will easily last a man for the summer. 

For those who can afford every luxury, mosquito curtains, 
sprayed over with formalin solution, and the USe of an electric 
fan, would ensnre undisturbed rest. Bedrooms at the top of a 
house are better than those on lower floors. All dwellings should 
be as much as possible in the open. Trees against a house only 
attract sand-flies, owing to the protection afforded to them against 
the wind. Vegetation per se does not appear to have any connexion 
whatever with the breeding places of the sand-fly. 
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