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INTRODUCGCTTIO N,

In reviewing the progress of medicine

| during the last two or three decades, one cannot but

remark on the enormous widening in the field of in-

vestigation which has taken place, To the old

methods of pathological investigation there hava besry

added a host of new methods, and many branches

of science, formerly un-connected with medicine,

havs been brought to hear on the prohlems of disease.

It is perhaps characteristic of the modern period,
that progress is heing made, not so much by new and
startling discoveries, but by the application of new
methods of study to old problems, and by the adoo—-
tion of new points of view. There is hardly a

branch of medicine in which this is not the case,

| and it is in none more marked than in the study of

the diseases peculiar to the tropics. The discovery
of the malarial parasite, and the subsequent demon-
stration of its developmental cyecle in the mosquito,
gave a new impetus to the study of the parasitic
protozea, and it has hecome year hy year more evi-
dent how large a oroportion of the diseases which
the practitioner in tropical climates is called upon
to treat - and to investigate - are due to these
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organd sms, Ross!' discovery was an epoch maring
one, not only hecause it made clear the way for |
ratjonal methods of dealing with malaris as an en— |
demic disease, but because it led to a close study
of the parasitic protozoa'as'a whole, and was the ;_
starting peint for an enormous amournt of research '
WOrk, much of which has already beern brought to a
successful jssue.

There is good reascn to supncese that the
parasites of mammalian blood, and those of the bloodé
of birds, are rormally transmitted from the infected
to the non-infected animal by means of an Inter- ‘
rediate host, usually a blood sucking arthroped, and
that Jn many cases, §f not in all, the parasite un— |
dergoes in the body of the intermediate host certajni
devélopmental changes, which are essential to its
continued provagation. The study of the structure ‘
and 1jfe history of these intermediate hosts has |
therefore becore a matter of primary jmportance,
both for the elucidation of the 1ife history of the
pathogenic agent, and for a »ratioral prophylaxis

against the disease. In this way a knowledge of

entomolcgy, particularly as regards the hiting fljesg
has become an essential part of the equipment of ‘
those engaged in the study of tropical diseases, and

the/ |
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the subject has received considerable sttention of
late, accounts of the structure ard natural history
of most of the arthropods actually lllerinminated 8as
carriers of disease having beern published.

The Ffly which is the subject of this
thesis 1y be taken as a fairiy typieal menber of
the Tabanidae, a Pamily of Diptera which js und-
versally distributed, and in which the blood suck—
ing habit is almost universal in the female sex.

Up to the presernt 3t has rnot been demonﬂﬁrated that
any member of the group acts as an intermediate
host, in the strict bjological sense, to any para-
site of mammalian bhlood. There is, however, a
considerable amount of evidence tnat certain Taba-
nidaecan act as transmitting agents in various
tryvpanosome djseaées, notably Surra ard the ailied
conditions. Rogers,(1) in 1901, shawed that "norse
flies" ean transmit Indian surra if the flies are
made to bite an uninfected animal within twenty-
four hours of biting an infected one, and the

brothers Sergent, (2) working with Atylotus toruen-

tosus and A. nemoralis, obtained similar results

in the disease Dsbab, which affects dromedaries in
the Soudan. More recently these results nave beern
confirmed by Fraser and Svmonds (3), in the Fed-
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Federated Malay States, positive results being ob-

tained with Tabanus fumiger, partitus, vagus, and

minimus, in Surra. Certain Tabanidae are aléo sus—
pected in Mbori, in the tryanosomiasis of horses in
Annam, and in Mal de Caderas, Souima, and Mal de i
7usfana, though in many of these cases the auspicion!
appears to rest more on the local prevalence of the |
fly and on popular opinion, than on experiment.(4)
In considering the results of the large
number of negative experiments recorded, one must
never lose sight of the fact that in the cases of
Sleeping Sickness and Malaria, it has been conclu-
gsively proved that only particular specles of the
respective groups can act as transmitting agents.
The number of apeéies of Tevtanidae in most tropical
countries is very large, and it is possible that the;
results of many experiments may have been negative i
simply because the observer was not fortunate enough!
to use the proper species of fly. On the other
hand one must regard simple mechanical transmission,
by trypanosomes adhering to the mouth parts of the |
fly, and being injected into the next animal on
which it feeds, as possible. A developmental cyélei
in the intermediate host is not essential in try-
panosome infections, since, by simple hypodermic
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injection, the organisms can be passed through
laboratory animals for an indefinite period. The
chances of infection by such mechanical transmission
are of course very small, since the number of try-
panosomes in the blood of naturally infected ani-
mals is not usually great, and it is probable that
something else occurs in most cases.

In this connection there is a somewhat
neglected observation of ROUbaidfs (5) which, if
confirmed for any of the stanidae which have been
proved capable of tranamittipg trypanosome diseases
would offer an explanation of the constancy of the
results, even if it does not establish a develop-
mental cycle. He found that immediately after
feeding on an infscted animal, the proboscis of

glossina palpalis contains numerous actively motile

trypanosomes., In a short time the organisms attachi
themselves to the walls of the proboscis, and under—i
go a structural change, becoming Herpetomonas like
organisms, the flagellum being thickened and used

as a stalk by which the organism is attached. They

then Qommenea to multiply rapidly, and form little
colonies in the walls of the labium. The trypan-
osomes when in this stage are motionless in aalivaryé
fluid, but become actively motile in physiological

salt solution. He found these "cultures" present

in/



in probosces for 48 hours with Trypanosoma hrucei,

and for 5 - 6 days with Trypanosoma gambiense,

diﬁorphon and cazabouli.

It is evident, then, that the Tebanidae
must, in the preseﬁt state of our knowledge, be
regarded with grave suspicion, aﬁd it is indeed
probable that before long one or other of the members
of the group will be proved to he the intermediate 'i
host of 'some haematozoon. The question of fly
berna  disease 1s one of the gravest now receiving
the attention of scientists, and in order that |
accurate and reliable results may be obtained, the
study of the intermediate hosts must progress pari ;
passu with the study of the profozoa.

Apart from the immediate connection of ‘
the Tebanidae with disease, the study of a typical |
member of the grouv is of considerable interest from
the comparative point of view. The Tabanidae are |
of a relatively simple type, showing the minimum of
structural modification consistent with a blood
sucking habit, and by a comparison with the Muscidae
on the one hand, and the Culicidae on the other, a

most interesting and instructive deomonstration of

the process of adaptation to function is obtained,
On account of their larger size and simpler atructurq'

the/ : |



the relation of the anatomy to the function is much |
more readily made out than in Anopheles, and the |
comparison is most useful as a contrast in the 1nterf
pretation of observations in other blood sucking
flies. The following account of Haematopota

pluvialis should be compared with Hewitt's (8)

Shipley's (7) account of Ancpheles Maculipennis. ‘

descriotion of Musca domestica, and with Nuttall and

A word is necessary with regard to the
name Haematopota. Until recently this name was
accepted witﬁout dispute, but recently an old paper
by Meigen, of which only two copies are known to |
exist, has been unearthed, and from this it appears ‘

that, previous to the adoption of the name Haema-

topcta, the genus was named by Meigen Chrysozona (8).
A strict adherence to the established rules of
zoological nomenclature would therefore necessitate i

the substitution of the name Chrysozona for the well

known ons of Haematapota. The matter is still in

|
dispute, and it remains to be seen whether the chang%
of name will be universally accepted. The old namEJ
is used in this péper pending a settlement, since Mr

Austen is kind enough to inform me that he has not

adopted the name Chrysozona for officiél use in the

British Museunm.




FIELD NOTES.

Under various local names, such as "cleg",
"gadfly","horse fly", the female Haematoycta pluv-—
ialis is well known in most parts of the British
Isles, and is much the commonest member of the Teba-
nidae found in this country. It is on the wing from
early June to the end of August or even later, and
frequente danp pastures and country lanes, being sel-
dom found far from water, Or near houses. Its ap-
pearance depends to a remarkable extent on favour-
able conditions, viz. abundance of sunshine and an
absence of wind, and, even in suitable weather, it
varies greatly in numbers in different years, from
no ascertained cause. Its flight is at times swift
but usually, when about to feed, it is rather delib-
erate and hovering, and is accompanied by a faint
hum. So far as is definitely known, the fly is ex-
clusively a blood-sucker, and attacks indifferently
horses, cattle, or man, choosing those which are
stationary or moving quietly about, and not select-
ing any particular part of the victim, the piercing
organs being able to penetrate even the thickest
parts of the skin.

The method of feeding, as observed on

one's own hand, is as follows. After a short
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preliminary investigation, in which the labium ap—

pears to be used as a tactile organ, the piercing

styles are inserted by a series of short sharp for- |

ward thrusts of the thorax, the labium being re-—
tracted and the labellae everted behind the rest of
the proboscis, and the maxillary pulps extended in -
front. As the wound i= deepened the fly elevates
1tself on its hind legs, till the avbdomen is tilted
up at an angle of 45°¢ or ¢, the forelegs being
meanwhile extended in front of the proboscis, with
their tibiae held parallel to the surface. Vhile
in this position the abdomen gradually distends, and
slight peristaltic movements can be seen in it. 1In
a short time a clear fluid begins to exude at the
anus, and this goes on as long as the insect feeds,
the fluid becoming tinged with blood towards the end
of the meal, and even, in some cases, appearing to
consist of unaltered blood. Several times. during
the process the mouth parts are withdrawn a little
and again thrust in,; finally they are withdrawn by

a few sharp Jerks, and the fly, after resting a
moment to clgan its provboscis with its forelegs ,
flies away. A small drop of ploed usually

oozes from the puncture, and a faint ring of hyper-

aemia/




10. .

hyperaemia, and usually some slight irritation,
mark the site for a day or so, The pain caused by
the bite is usually trifling, less them that of a
mosquito bite. Some individuals, however, appear
to be remarkably sensitive, and suffer for davs,
even a week or longer, from local irritation and
inflammation.

The fly takes about three minutes to obtain a
A1l meal, and while feeding it is not readily dis—
turbed; the process can be watched, on one's hand, |
through a pocket lens. i
The habit of defaecating while feeding, usual !
in blood sucking insects, has an important bearing
on the question of the normal parasites of the fly, |
for it 1s obvious that any encysted phases |
of such parasites which may be free in the hind gut
at the time of feeding will be deposited on the skiﬁ
of the'host, and will ﬁe in a position to be taken
up by another fly. ;n ihe case of the Tahanidae it
is easy to see how such parasites might be caught
in the everted labellae, and so find their way into
the pharynx as the insect feeds. |

This species 1s not gregarious, except
in the sense that large numbers may be found

feeding on the same host, and they do not

appear to collect in particular localities

in/




| in 'the evening, as deseribed by Hine ( g ) for cer-

tain American T&banidae. In view of their habit ;
of defaecating on tlhie skin of the host, it does noti
appear to be necessary to assume that parasites are |
transmitted from one fly to another, as described
bv Patton ( 10 ), by the uninfected fly, inserting
its proboscis into the faeces of an infected fly,
in their evening restine places.

The male of this species is extremely sel-

+ _
dom met with, even in localities in which the femalsg
is commen enough to be & nuisance. Durine two |

months in a  district where thie females could he

seen almost everv dav, onlvy two males were caught,

and hoth of theses were obtained early in the season.

The male i a Tlower feedef. and does not suek
blood. A suggestion as to the cause of its remark-
ablé scarcity will be made when oonsideriné the re-
productive orgens of the female.,

METHCDS.

The parts were studied by the dissection
of fresh specimens, and by the preparation of serial
secticns. Dissections of the various organs, after

fixation in sublimate alcohol, were stained in

3 |

various wavs, chiefly with borax carmine and Dela- |
: i
fleld'sj |

+ Vide Bruce, Report on Sleeping Sickness. Gom. Proc |
Roy.Soc.B.Vol. p.565 :



12,

Delafield's Haematoxylin, and mounted as permanent
preparations. The chitinous parts were dissected
after treatment with caustic soda solution for
varying periods, with or without deeolorizatibn
with chlorine gas. The probosecis, head, thorax,
and abdomen were separately embedded and cut in
gserial sections by the combined paraffin and cel-
loidin .method, and the sections, though showing

a good deal of shrinkage as a result of the long
time required for complete penetration of the
fluids, were very useful in checking the result of
dissection.

For the study of the mouth parts and of
the complicated structures at the base of the skull,
it was found convenient to embed the whole head,
after prolonged treatment with a weak solution of
caustic soda, in paraffin, and then to cut away by
hand the portions not required. The paraffin was
then disgsolved off in clove oil, and the prepara-
tion mounted, with or without further dissection,
in a hellow slide. Similar preparations were made
of the sides and lower part of the thorax, and were
found to be much more satisfactory than simple
dissections. |

The separate organs were fixed and pre-

serve@/




preserved after dissection in Bles' fluidx, and sub-
sequently embedded and cut in sections. This is a
most convenient method of fixation when one is away
from alanoratcry and the tissues, even after pre-
gservation for several months in the fluid, stain
quite well.

In the description of the parts, the
terms superior, anterior, ete, are used in their
gtrict anatomical sense, with reference to the fly
in a resting position on a horizontal surface. It
is important to note this in the déscription of thal
head, since the mouth parts are almost perpendicu-
lar to the long axis of the body. The term pro-
boscis is used to include all the protruding mouth

parts.

* Formalin. 7
Aleohol, 70% 0
Glacial Acetic Acid. 3




14.

EXTERNAL ANATOMY.

(1) THE HEAD.
(a) External Appearance (Plate III Fig. 10)

The head has the shape of a somewhat
flattened dome;,; it is rather more than twice as
broad as it is long, and is a 1little broader than
the thorax. The antennae project forwards from the
apex of the dome, and the probvoscis hangs downwards
from the lower surface. The base of the dome,

forming the posterior surface of the head, is con-

cave to correspond with the convexity of the pro- |
thorax. The outer thirds of the head, as seen from
the front, are occupied by the large compound eyes,
the space between them being filled in by a square
shaped piece of the Epicranium. This piece is
light fawn colored, is covered with fine hairs, and |
has on it three pigment spots, two large and anter—
ior, the third much smaller, mesial and behind the
other two. There are no ocelli. The posterior
border of thia epicranial plate, constituting the
vertex of the head, is hollowed out into a shallow

groove, which is continued on to the posterior sur-

face of the head. Bounding this groove there are
two/




19;

two 111 defined sutures, which pass from the poster—
ior and internal angles of the eyes to the posterior
surface of the head,converging towards the occipital
foramen.

| In front of the above piece, at the apex
of the dome, there is a shining black transverse
band, elevated somewhat from the surface, which
bears the antennae. This band occupies almost the
entire space between the eyes, and is separated from
the epicranial plate behind and the clypeus below
by definite sutures.

The Clypeus is an oblong plate, rather

narrower above than below, which stretches from the
antennal plate to the labium. It is light fawn in{
color, and is speckled with fine pigment spots, andE
covered with fine hairs. There are two pigment
patches, resembling those on the auperior epicranial
plate, in its upper half. The anterior openings
of the intracranial tunnels, t0 be subsequently

described, lie in the lower third of the sutures
bounding the clypeus on each side. The Genae,

as seen from the front, fill in the triangular areas
between the eyes and the clypeus; there is no suture

intervening bvetween them and the posterior surface

of the head. They resemble the clypeus in coloring

and/
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and are dotted over, especially in the upper parts,
with coarse pigment spots, and have a dense coating
of long fine hairs, which prpject inwards to merge

with those in the maxillary palps.

The posterior surface of the head is ver-
tical, and slightly concave. The occipital for-
amen is situated near its lower border; in front of
this opening, there is on each side a small stirrup
shaped aperture, the posterior end 6f the intra-
cranial tunnel.

The Eyes are conspicuous for their large
gize and beautiful coloring. The ground color is
a bright iridescent gresnish geld,  which unfortunat-
ly fades rapidly on the death of the insect. Run-
ning transversely across the eye there are five ir-
regular bands of reddish brown; these markings are
retained, though somewhat faintly, in specimens pre-
gerved in alcohol. The facets of the eye are hex-
agonal, with rounded angles, and are of approximate-
ly equal size and shape throughout. There are a
few minute hairs scattered over the surface.

The Antennae, (Plate III Fig.12), are sit-
uated on the antennal plate already noted. They
consist of three joints, the distal one being about
as long as the first and second together. The

first /
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17,

first joint is cylindrical, the second short and
round. The third joint is ringed, having upon it
three constrictions, which divide it into four seg-
ments. The first of these segments resembles the
basal Joint, but is more slender; the second and
third segments are equal, and short and round; the
terminal segment, which is rounded at its apex, is
a 1little longer than the two preceding ones togeth-
er. The first Jjoint is rather sparsely covered
with,lérge black forwardly directed bristles; the
gsecond Jjoint has a set of similar bristles arranged

in a whorl, and a few similar but smaller hairs are

arranged about the constrictions on the distal
Joints, and in a loose whorl round the middle of |

its first segment.

(b) The Mouth Parts.

These consist of two paired organs, the
Mandibles and maxillae, three single mesial styles,
the labrum, epipharynx, and hypopharynx, and a
large fleshy labium, in the groove on the anterior
surface of which the piercing styles 1lie when at
rest.

The Mandibles, (Plate II, Fig.9), are the
most powerful of the plercing organs. The blade
has/
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has the shape of a short, broad, pointed and slight-
ly recurved sabre. The internal edge is armeqﬂin
its distal half, with a regular row of extremely
minute serrations; the proximal half of the edge 1s
extremely fine and attenuated. The external edge
is sharp only at the distal end. Proximally it
broadens out, so that the blade becomeg triangular
in cross section, and two stout strands of chiten
are developed along its margin, one of which crosses
the surface of the blade, while the other runs
directly upwards to the base of the mandible.

These two strands are produced into two cornua, and

the horseshoe shaped arch between them is further

strengthened by thick fibres. The external horn \

|
articulates with a projecting angle of the epicran- |

ium, the Joint corresponding to the ginglymusof man—
dibulate insects. The internal horn is freé, and
lies on the membrane which completes the base of

the skull in this region.

The Maxillae,(Plate II, Fig.1l & 2), are
remarkable in that the several parts of a primitive
first maxilla, viz. cardo, stipes, galea, lacinia
and palpus, can be readily recognisged.

The Lacinia, or blade, is a stout slip of
chitin, the same length as the mandibile. It is
quadrilateral/
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quadrilateral in section at its tip, but becomes
flattened proximally, and at the base msrges with
the stipes, the yellow chitin characteristic of the
piercing parts giving place to that of the ordinary
skeletal type. The tip is armed with a covering of
minute flat teeth or rasps, arranged in a somewhat
imbricate manner, with their points projecting up-

wards. These teeth are continued along the edge of

the blade as it bscomes flatteﬁed, for about half
its length on the inner side, not quite so far on
the outer side. The blade is strengthened by the
development of two strands of chitin, one of which,
the larger, runs down the middle, and merges with
the stipes, while the other, lying nearer the inter-
nal edge, is produced into the galea.

The Maxillary Palp, which rises from the

outer side of the stipeslsome distance gbove fhe basg
of the lacinia, is two jointed and antenniform. |
The first Joint is short and cylindrieal, the second
conical and pointed, and much larger than the first.
Both joints have a dense covering of long fine hairs,
many of which are pigmented. The two palpi turn in-
wards and forwards from their origin, and so come to
lie in contact with one another, in front of the

basal piece of the labium, in such'a way as to close

in/




20.
in the groove in which the piercing organs lie when
at rest.
The Galga, is a short peg-shaped projec-
tion arising from the inner edge of the lacinia at

its base. The two galeae projeét inwards opovosite

to one another at the level of the articulation of

the mandible, and assist in supvorting the membrane

at the Base of the skull.

The Stipes, which is directly continuous

with the lacinia, is a much convoluted piece, 1ying!
hehind the pharynx, and extending upwards to a point
about midway between the bhase of the mandible and

the ocecipital foramen. It may be described as con-
gsisting of a vertical rod, flattened transversely, ;
and bent outwards in its lower third, then inwards
and again outwards at its upper end, where it arti- |
culates with the cardo, The lower third of inner
edge is turned forwards, and there is a blunt pro-

ecting spur on the middle of the outer edge. On

[N

the posterior surface of this plate, at its lower
end, there is a well marked ridge, into which the |
palp is attached.

The Cardo, is a small wedge shaped piece
which connects the maxilla with the cranial wall.
Its base articulated with the stines, while its apex

which/
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which is turned outwards, rests in a notch in the

thickened edge of the epicranium bounding the cen-
tral space (Plate III, Fig. lsl—fhe cardo lies be-
hind the base of the intracranial tunnel,'and is i
crosgssed by the attachment of this tube to a curvedi
rod, to be subsequently described. i

The Labrum (Plate II, Fig. 7) is a thin
spatulate slip, which is fused, except for a short
intervel at its upoer end, with the epipharynx.
When the two are separated by dissection, it is
seen that the labrum does not extend quite to the
tip of the epipharynx and that its marging are ex-
tremely thin and illdefined. It is attached to
the clypeus by a narrow:-and Yshaped slip of brown
chitin.

The Epiﬁharynx (Plate II, Fig.7) is

shaped 1like a broad two edged sword. It is direct
ly continuous at its base with the anterior of the
two chitinous plates which form thelpharynx & has o
its posterior surface a deep groove, the edges of
which are incurved so as to include aboux—g of a
circle. This groove, when opposed to the hypo-

Dharynx, forms the canal -up which blood is sucked,

The tip of the epipharynx is blunt, and is occupied|

by three small tuﬁercles, two of which are lateral
and anterior, while the third is situated at the

b'e BRIy
extreme/ ST
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extreme tip. These tubercles consist of a large
nunber of small blunt teeth, asrranged in rows in a
radiating manner. ?he edges of the eplpharynx are
fine and sharp, and show an oblique gfriaticn.
Internal to the edges, - there is on each side

a strong svpportjﬁg band of fjbres running in a
longitudinal direction, and internsl to this,

- between it and the canal, there is a small amount
of cellular tissve, well seen in cross eection.

( plate .II. Pig. 4).

The Hypopharynx ( Plate II -fig.8).

resenbles the epipharynx in shape, but is more
slender, and tapers more towards its peint. It 1s
pierced throughout its lerngth 'by the salivary duct,
which cpens aﬁ its tip. The edges of the blade
contract sharply at the base, where the duct opens
into the saljivary reservoir. The hypopharynx
consists of two laminae, which are readily
separated in dissection. The anterior snd larger
of these is continuous with the posterior plate of
the pharynx and with the salivary reservoir, while
the pcsterior lamina is attached to the cornua of
the labium,

The Labium. (Plate 1] Figzs.4 & 8) has a

somewnat complicated structure. Lt is partly

composed/
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composéd of thin enitinous plates, and partly of

a flexible membrane, which connects the chitinous
parts so as to enclose a tubular space, in which
there are contajnedcertainmuscles and cellular.
structures. The distal half cf the labijum is
divided into two labellae, on the opposing sur-
faces'of‘which the anthrodial membrane is replaced
by a pseudo-tracheal membrane, similar to that of
the house fly. The loose connection of the chiti-
nous plates, by means of the membrane, permits of
~a considerable degree of movement of the labellae
IOn the labium and on one another. The anterior
surface of the labium is deeply grooved for the
‘reception of the piercing mouth parts. The main
support of the upper half of the labium is a large
shield 1ike plate, aptly termedby Mginsrt the Scutum.
Thjs piece is concave forwards, and fofms the
posterior and lateral walls of the upper half of
the organ. The narrow upper end 1s produced into
a palr of cornua, which lie behind the salivary
receptacle and are attached to the ncn—chitinized
membrane, which, as will be seen subsequently,
completeSthe base of the skull. The arched upper
border of the scutum has, in each side, a row of
six long black mescro sstae. In the middle of this

border/
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border a pair bf stcut, pointed processes, called
by Meinert the Cardines, project downwards.

In front of the scutum, and, of course,
separated from it by the muscles 1lying between
the membraneous folds, there is 2 somewhat ill-
defined chitinous plate, which forms the floor of
the groove in which the piercing parts lie. This
plate is also concave forwards, though its econtour
differs considerably at different levels. The
membrane which completes the wall of the lsbium
in this region is attached.to the sides of this
trough 1like piecé and to the corresponding sides
of the scutum, and is folded forwsrds, to 2
degree varying in different prepsr=ztiong, over the
groove on the anterior surface. In this way the
membraneous wall of the labium, together with the .
maxillsry palps.which lie 1n'front of the upper
part of the labium, entirely conceals the rest of
the mouth parts. Below the level of the scutum,
and external to the cardines, there is on aach
slde an oval plate, called by leinert the Stylus

Extensoris labellas, and by Hansen the Lamina

articull secundl labii. On the internal surface
of this plate there is a thick dentate ridge,
which curves slightly inwards, so as to rest in

Ithe/
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the angle on the lower horder of the scutum,external
to the cardo, The pointed lower end of the plate ;
fits into a notch in the chitinous framework of the
labella, when the latter is brought parallel to the
surface on which the insect rests,

The Labellae are oval lobes, attached to

one another behind, but diverging in front. They
are set on the labhium at an angle of about half a
right angle, so that their long axis points upwards
and backwards from the labium. Their outer surfaces
are mainly membranous, but are stiffened by the de-
velopment, on each side, of two thin plates of chitin
along the bhorder. The upper one of these plates lies
in the projecting posterior angle of the labella, &
is sguare shaped. 1Its lower side is produced into

a narrow spur, which runs forward across the outer
surface & bhears a row of six or seven short but stoyt
black s=stae. The anterior side of the plate 1is in-|
c¢urved below this spur, so as to form a notch for
the reception of the "stylus". The lower plate 1s a-
bout twice the size of the upoer, & lies in the 1oné
axis of the lahella, Its upper & anterior arch is |
thickened & ridged for muscle attachment. Many
short, stoﬁt, black setas are scattered over the out
er surfaces & posterior borders of the labellae,

they are especially numerous on the larger chitinoué

plate. No special sense organs have been found in

connection/
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connaction with these setas, although, from the man-
ner in which the imnsect uses ifts labesllae, one would
axpect to find somathing analogeous to the tactilae
organs in the probhosals of tha house f£ly. The mem-
brane atbached to the seutum is produeed dewnwards,

and holds tegether the varlions chitinous plataes des—

erl bad. It is ecntinied for a short distance round |

tha anterior and vosterior horders of the lahallas,

but is replaced, In thelr Inner and cpposing sur-

faces hy a pseude-trasclhiezal membrane. This menbrane |

is e¢lear, traneparent, and apparentlv stmicturslass.

Its surfaca is travarsed on esach sidas, by twenty six

‘dasp grocvas, which eonverga from the vostsrior hor-

der inwards, so that, accomodatine thamsslvaes to
the cval shape ¢f the labsalla, the npuer ones rmn
dovmwards and inwards, tha lower ones upwards and
inwards, while the middle cnes are directly frans-
varse. Thase grocves lead te, hut do not actually
commanicate with, a short but breader leongitudinal
grcove which rmuis aleong tha inner berder of each
labella. Whan examined under a high magnification,
it is sean that these grecves are lined with, and
presumably Kewnt open by, a sariaes of minuta incon-
pleta c¢hitinous rings, sat side by
side, transversely to the axis of the greoove. Eaeh

ring/
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ring is 2bout three cuarters of a circle, & sach énd‘

is thickened into a little knob, so that the edge
of the groove has a beaded appearance.

The labellsa?® muscles arise from the

scutum, and are inserted into the lower chitinous
plates. They consist oflthree pairs of muscles,
net . definitely separated at their origin. The
most posterior bundle runs directly downwards to
the "stylus", that is, the oval plate lying |
external to the cardines. The other fibres are
inserted into the upper and lower chitinous plates
of the labellae, some fibres being traceable
g21lmost to the tip. Contraction of all these
bundles together willi retract the labellae, while
contraction of the anterior fibres only will bring
the labellae more parallel to the surface on which
the £1y is resting.

™o trachea enter . the base of the
labium. They expand a%  the region of the scutum
into two comparstively large air eacs, from which
the trachea can he traced downwards. for a short
distance. There is also a pair Af small nerveé,

lyving internal to the muscles.

Cellular Structures. The membrsne, and

the chitinous plates developed in it, are lined
throughout by an indefinite laver of small round
cells./




cells. The anterior plate which forms the flcor
of the grocve in which the plercing mouth parts 1jel
is 1lined by a single layer of small réﬁular cubioalé
cells, which extends forwards to the junction of the
plate with the membrane. The pseudotracheal mem—
brane is lined throughout by a single layer of Sim—I
ilar, but larger, cubical cells. There are a few
fat cells scattered about the interstices of the
organ.

The space between the pseudotracheal mam-!
brane and the outer wall of the labella is almost |
entirely filled up by a large mass of cells, which |
probably represents a labial salivary gland (Plate
11, Fig. 3 & 4.). These ¢ells are remarkably large,
averagjng about 40.m. in their long axis. They

are oval or pear shape, and are arranged with their

narrow ends pointing towards the pseudotracheal meln-
bfane, the innermost ones lying in contact with the
cubjical €ells. The nueleus is round or oval,)and
1s situated at the broaﬁ end of the cell. The
chromatin appears to be separated into a large num—
ber of small rods, mainly aggregated about the |
periphery. In many cells there is 2 second nucleus,
usually very small, situated at the narrow end of
the cell. The protoplasm contains many fine |
granules, and is, In a small proportion of the

cells/
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cells, vacuclated. In each cell there is a cresen—

tic or sickle shaped area, near the nucleus, whers
the protoplasm is non granular and does not stain
well, being only faintly tinged by eosin. In a few
cells 2 distinct vacuole can be made out inside this

area. |
|

It is evident from its strueture that the
labium exeréjses other functions as well as the ;
obvious one of protecting the other mouth psrts.

The pseudotrachese differ In no essentisl partjcular!
from those of the'house fly, except that there is no
direct communication between them and the aljmentarf
canal. This is not, however essential. If fluid

is dravn inwards along the pseudotrschese by capll-

15TV attraction, it will come to lie in contact |
with the hypopharynx and epipharynx, the distal endq
of wnich lie between the two internal longitudinal

pseudo-tracheae. It may, then,either by capillary at-
traction or by contracticn of the pharyngeal muscles
be drawn into the pharynx. I nhave never myself |

seen Haematopots drink, but it appears to be gerner-

ally agreed that Tabanidae do so. Austen, (13)

quoting Pontschinsky, states that in Russie house
flies are destroved in large numhers by pouring !
petréleum cn the pools to which they resort.

There are no ducts to be made out in con—

nection/




eylindrical, and is narrowest bout its middle.

connection with the labial gland cells. Their
secretion is probably exuded by means of the cubical

cells lining the pseudotracheze membhrane.

(¢) THE INTRACRANIAL TUNNEZLS.

These remarkable structures lie in the

lower part of the head. Each consiste of 2 stout
hollow ¢hitinous tube, which opens on to the anter—l
ier and posterior surfaces in the positions already

indieated in the description of the external char- !
acters. = The two tubes lie in a-norizontal plane,
and converge somewhat towards one arnother from be-—

fore backwards. The main portion of the tube is

The anterior end is funnel shaped, 2and has a wide
attachment to ﬁha epicranium in the region cf the
clypsus and gensa. The poesterior end, which lies
in front of the cardo of the maxilla, i1s more jrreg-

ular, and is produced into three tubercies. One of

these projects irwards, while the others are £irmly
attached by strands of chitin to the thickened 1lat-
eral edge of the epjcranjum, and to the curved rod
which externds from the region of the orifice to the
oceipital Fforamen.

From the upper surface of each of these

tubes/
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tubes there arises 2 thin trabecular membrane.

This is triangular in shape, and is attached in
front to the epicranium at fhe Jjuricticn of the
clypeus with the gena, extending as high 2s the an- |
tennal socket. The free upper margins of the two
trabeculsr plates separste off a median compartment |
in this region of the head, in which the pharynx
and the pharyngeal dilator muscles are contained.
These jntracranigl tunnels resemble those
described in. Chironormus (14) and in Ailopheles (7).
They are of the nature of suprorting buttressas, and

the fact that thev are hollow has probshly ro more

sjgnifieanée than that, weight for weight, a hollow |
eylinder is stronger than a zolid rod. . Thelr
special functions will be discussed in relation to
the mechanism of feeding. i

(d) THE STRUCTURE OF THE BASE OF THE SKULL.

(Plate III, Fig.1l3)

<

The‘chjtin of the head capsule is deficient
in a2 spsce extending from the occipital foramen to
the bases of the mandibles, this area being com—
Pleted by 2 flexible non chitinized membrane. The

space is bounded in front by the corrnua of the man—

dibles and the galeag of the maxillae, 2rd laterslly
by the thickened edge of the epicranium, and by a
specially developed curved rod. The central part

|

|

ﬁ
of the space is occupied by the pharynx, on eaeh
side/ ‘ ,
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side of which lie the stipes of the maxillae.

The 1lateral curved rcds, previously re-—
ferred to, extend from the posterior orifices of the
intracranial tunnels to the occipital foramen. They:

are flattened, and shaped like hoomerangs. The |
|

~ lower end of each rod is produced into a tubercle [
which projects inwards into the central space, while |
the upver ernds are produced inwards in front of the ‘
ocelipital ring, and are united by a few strands of ]
fibres, sc as to form the anterior boundary of the u-
forsmen. Abcut the middle of each rod there is a !
constriction, and above this the rods are fused with

the epicranium.

The upvper and posterior border of the oc—

i cipital foramen is formed by a thickened srched ridge
i continuous with the posterior walli of the head cap-

} sule. _ ‘

(e) THE HOMOLOGY DF THE HEAD.

It is, of course, somewhat difficult to
assign the component parts of the head to their re-

 spective segments with precision, from a study of the

' adult insect,especially when,as in this case, few of the
' sutures marking the lines of fusion of the segments ‘

hcan be made out. The parts in Haem topcta, however,
I|
| represent/
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represent a comparatively early stage in the adap-
tation to the suctorial habit, and hv comparison
with other insects of more elementary form it is
possible to define the extent of the various somites
with some degreé of certainty. The detailed expo-
sition of the present views on the segmentation of
the insect head #iven in Berlesec's recent work(lsﬁ.
is adhered to in the following description. Bsrlesai
regards the insect hesd as derived from six segmentsé
the third of which is wanting in the adult stage, |
except in Campodes. The first somite is the pre-
oral one, and bears the eyes. The labrum and
clypeus belong to it. The second segment besrs thei
antennae, and is well demsrcated in this insect as |
the elevated antennal plate. The sternite of this
segment is represented by the anterior parts of the
Intracranial tunnels and trabecular plates. The |
fourth segmernt bears the mandibles. Its tergite ;
lies benhind the antennal plate and extends, between !
the eyes, to tne vertex. The sternite is reprasentJ
ed by the genae, the posterior border, and an'inde—'l
finite area of the posterior surface of the head ‘
|

its ‘extent may be inferred from the area of attach-

|
' ment of the mandibular museles. The mandible itself

|
shows the least possible differentiation from the

|
mandibulate type which is consistent with a blcod
sucking/
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sucking habit. It is articulated to the gena, and,
as will be seen later, the arrangement of jts |
muscles indicates that it is capable of a relatively
wide rarige of movement. Comparing it with Blatta

and Aropheles, it illustrates very prettily the pro-l

"cess of adaptation to funciion. The fifth segment

bears the maxilise. Its tergite occupies the I

lateral areas on the posterior surfece of the skull,

l
external to the sutures; the sternite is represent-—|
ed by the hases of the irntracranial tunnels. The ‘

- primitive form of the m2axills has already been

discussed. The tergite arnd sternite of the sixth
segment are not separated. The tergite occupies |
the median srea of the posterior surface of the ‘
head, between the sutures, and encloses the ocC—

eipital ring above. The sternite has undergone

considerasble modificaticn in the development of the

membranecus area at the floor of the skull. The
ralstal membrane, representing the gular region of }
other insects, and the cornua and scutum of the i
labiuﬁ, representing the submentum and mentum, be-

long to the sixth sternjte. The cardines of

Meinert, and the stylus, may represent the cardines

and stipes of alprimitjve second maxjillia.

(2) THE THORAX.

The head is sattached to the thorax by a

short/
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short neck, which, on account of the concavity of the‘
. posterior surface of the head, is not easily seen on
the 15vjng insect. There are no definite sclerites
in the neck. ;
The Thorax, as seen from above, is ovoid in
shape, the pointed secutellum projecting backwards
above the first abdominal segment. It is rather
narrower than the head, and is continuous with the
abdomen without any "waist'. It is dark tewny browné
in color, with a dorsal medlanlight stripe, continu- |
ous with that on the abdomen, and twoe lateral stripesL
the inner of which extends only through the anterior !
' half. It is covered throughout with short downy

f hairs, which are ageregated intoc 1little tufts on

| certain of the gelerites, especially about the neck

| and sides. |
There is no differentiationof the thorax into
. three regions, and the separate parts, ss described,

can only be satjsfacforjlv studied by dissection.

(2) THE PROTHORAX.

The sclerites of the prothorax close in the
convex anterior end of the thorax, and c¢sn only be
satisfactorily seen after removal of the heed. There

are seven paired and two unpaired sclerites,

On. the ventral aspect, immediately benind
the thoracic inlet, there are three pairs of sclerites

which/
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which belone properly to the neck.These "jugulares" <
lie in a loose anthrodial membrane, &and sre rot
united directly to one another in the middle line.
The first, which is the largest, is dome shaped, and

hears a tuft of dense hairs. It is free in the

anthredisl membtrane. The second viece is a trans— |

verse oblorng slip, attached externalliy to the
epimeron; it bears no hairs and is not recognizable
'on the external surface of the thorax. . The third
jugular resembles the second, except that it bears
hairs, and is attached also to the episternum. It
lies in front of the articulation of tﬁe foreleg.
The lcoseness of the théracjc wall in thies region
permits of considerable distension during the act o%

!
feeding. i

; |
These remaining sclerites are readily homologized

with those of a primitive thoracic segment. The

ventral cclerite is divided into a pair of prae-

|
|
sterna, a sterrum, and a sternellum. The praesterns

1ie on the jnner sides of the spaces in which the
fecrelegs aré srticulated, and behind the jugulars.
They are quadritateral in shape, and sre firmly
united by their inner borders, from which a thick
ridege projects upwards into the thoracic cavity.
Thelr anterior borders form a continuous thickened
arch,to which the anthrodial membrane is attached.
The Sterrnum is a small semicirculsr plate,

which 1s wedged in between and behind the praesterna
|

which/
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which project backwards on each sjde of it. The |
sternellum is heart shaped, and is inset between

the diverging inner borders of the sterna of the |
meso—-thorax. The sternum and sternellum 'do not !
bear hairs, and are easily recognizable on the ex-— |

ternal surface of the thorax. ' ‘

The Episternum lies externél to the artch
ulation of the foreleg, and is firmly attached to |
the meso-thorsx. The Epirierum lies in front of
the episterrum, & is closely adherent to it and to i
the praesternum. Both lzteral sclerites are rounded
and convex, and are conspicuous or. the external
surface, having dense tufts of hairs. = The Pro-
notum is represented by two small convexjties on
the outer edges of the prasegcutum,; they are con—
tinuous with the epimera. |

Passing between the ventral and lateral
sclerjtes there is a somewhat complex arrsngemernt
of fibrous bands, representing an antefurca, which
serves both to compensate for the laxity of the
theracie wall in the region of the Jugulares, and
to provide for muscle attachments (Plate IV,Fig.14)
It consists of two parts, arising from the sternum
and sternellum respectively. The anteriocr fibres
arise from the arched border of the sternum, from
the posterior fourth of the median ridge between

the/
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the praesterna, and from a thick transverse strand
which separates the sternum from the sternellum., The
‘fibres arecollected into a broad arched dransverse |
band, which, as it runs outwards, corntracts to form
a stout round cord. The posterior fibres arise |
from the thickened and ridged lateral borders of the

|

sternellum, and run outwards and forwards.  All |
these fibres run towards the junction of the epimerum
and episternum, and are mainly attached to the re-
curved antericr mergin by the latter sclerite. They
form a strong supvorting buttress for this part of

the thorsx.

(b) THE MESOTHORAY.

This constitutes the main part of the

thorax. The tergite,which occupies the whole dorsal

surface of the thorax, is separated into a Praescutum

Seutunm, Post scutum, and Sc:‘utelluﬁ. The two fornsr

pic-ces together make up the greater part of the

tergite, and the separastion between them is only in-

- dicated by a8 short lateral furrow sntericor to the

wing bsse. The post seutum is a very thin traris—

veerse slip, tightly wedged in between the seutum and |

| seutellum, snd nct easily seen. The scutellum 18 a

stout triangular piece, with rounded margins, which

overlaps/
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overlaps the first abdomin=l segment, and conceals
the meta thorax from abhove.

The Sternum is divided into two quadyi-
lateral plates, which are united along the middle |
line at an angle, thus giving the thorsx a Keeled

apresrance. The epjsternum lies directly above the

sternum, and resembles it in shape. Both these
selerites are united to the adjacent plates, and to }
cno another, the 1ines of junctjon'bejng marked on .
the internal surface by prominent ridges. The

epImerm i® a narrow and irregular vertical plate, !
|

. extending from the wing base to the middle line below.

| The upper third of its anteriocr margin is separated

a short distance from the episternum, the interval
being filled in by anthrodial membrsne on which the
anterior series of wing sclerites lies., The middle
third of the margin is united with the mesosternum, i
and below this the twoe diverge, leaving an interval |
in which there lies a conical coxal plate, with which
the middle leg articulates. The upper third of the
epimeram jg concealed, from thhﬂﬁ, by the wing

sclerites. Its posterior margin is i1l defined, and

merges intoe the nmembrane tc which the sauama 1s

attached. The middle third is produvced backwardéﬂ
ferming a deme shape expansion which lies belcw the
squama, and which gives origin to the mesophragn.

The/ ;
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The posterior thoracic sPiracle lies in a membrane- |

ous.jnterval belcw this expansion. The lower third

of the epimerum tapers to a blunt point; it is
partially fused with the meta thorax.

The Mescphragma is a funnel shaped ex-
pansion, which projects backwards and inwards into

the thorax, materially diminishing the size of the

thoracic outlet. It arises from the upper and 1ow—?

s

er borders of the dome shaped expansion on the

epimerum. From these borders thin sheets of chitin

are refiected upwards and downwards intoe the cavity |

of the thorax, those from the two sides meeting
above and below, so as to form a sort of inner

chamber irn the thorax. This funnel, which 1s mcre

extonsive abovethan below, extends backwards as far

as the first abdominal segment, and. contains all the

organs passing from the thorax to the abdomen. In |

cross sections of the posterior end of the thorax

it eppesrs as an isolated ring of chitin, giving

attachment tc the longitudinal muscles of the thorax.,

Between the Scutum and Praencutum above, and the
episternum below, there 1s a narrcw longitudinal
interval, filled in by erthrodisl membrane. This

is prolonged downwards tc separate the episternum

|
i
|
i
!
|
|

from the epimerum. The anterior thoracie spiracle |

lies at the anterior end cf this spsce.

(e)/
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(¢) THE SCLERITES OF THE WING BASE.

These are arranged in two sets. The an—
tericr set consists cf three wedge shaped rods, 5

which are gttoched to crie another and to the adjac-

ernit sclerites bY their expanded upper ends, their
pointed apices nanging down internal tc the epister—
num and the srthrodisl membrare. The largest rod
is situated between and internsl te the other two.
The peinted a2ntericr angle of its base is attached
to the prseccutum, near the lateral furrow separ&t—l
ing it from tne scutum, by a strong band of fibres. |
The anterior rod i« attached at its base to the i
largest rod. The postericr wedge is sherter and |
stouter than the others, and is attached by the an— |
terior angle of its base to the first rod, 2nd by |
its apex tc the antericr margin of the epimerum, by
stout cords.

This set ¢of sclerites, by virtue of the
elasticity of the fibrous cords connecting them wjtﬂ
the dorsal and lateral walls of the thorax, snd by
means of the muscles attached to them, will antag-
onise the longitudinal museles, by reducing the
vertical dismeter of the thoraﬁ.

The posterior set of sclerites ig direot—

ly associated with the wing, and forusa series of

levers by which the wing can be fclded and unfolded.
They/

|
|
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They are five in number, snd are of too lrregular a I
shape to be accurately described. Their arrangenant
is indicated somewhat diagrammatically in the figure
(Piate Vv, Fig. 19). The costal vein terminates in
a round Kknob, produced'downwards into a fibrous cord.
The Radial vein terminates in s very complex salerjt%,
which 1lies urcen the uprer end of the epimeron, ahd
recejves, in its antericr border, the fibres from the -

| costal vein. Co-relation between the two jmportant:

| veins of the wing is thus secured, « The posterior |
margin of the wing terminates in a conical &olerite,i
which lies behind the radisl s lerite but is not con-y
nected with it. The squamz is closely connected with

a curved rod 1lying in the membrane at its base, and
this rod is attached mbove to the base of the roler- |

| ite which terminates the postericr border of the ringi

| Below these four rcds there lies a Y shaped rod,
which i1s the governing part of the mechanism. This
| rod is horizontal, the fork of the Y being anterior.
The lower liumb of the fork is received into a 1ittle |
| pit in the epimeron; the upver 1limb is bifid, and |

- interlocks with the bifid lower end of the radial

sclerite. The posterior long limb of the Y is at-

tached to the curved rod at the bé%e of the squama,.
If one bears in mind that when the wings

i are folded on the ahdomen the squamae are folded on

| the/ )




the wings, the mode of action of these levers be-
comes obvious. When the long arm of the Y is push-—
ed up, the radius, and with it the costa, sre press-
ed backwards, while the squesma is pushed Jn the
reverse direction.

The Yedid furca 1s composed of two large

l1ateral expansions, set on a Y shaped stalk. It
lies in the angle between the mesosterna, and 1s
attached, somewhst loosely, to the posterior part of
the ridge between them. These lateral expansions |
are formed from two plates of chitin, lying one

above the other, The plates are roughly oblong in
shape, but with their external anterior angles pro-

duced forwards; they are united along thelr inner

. and anterior borders, but diverge from one another

. behind, and are separated posteriorly by a small

vertical plate, so that they enclose a bhoat shaped
cavity. Behind this expansicn there is asnother

about one fourth the size, and formed in the same

| way, from two triangular plates. These are attached

in front t0 the plate representing the stern of the

|
|
boat, and converge to meet one another behind. The

fork of the stalk is much thickened and ridged, to

resist the strain which falls on it during the con-

E traction of the transversely acting muscles attached |

to/
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to0 the apodeme.

(d) THE METATHORAX.

The metathorax is much reduced in size,
and the separate segments are difficult to recog—
nise. The mesophragna pssses backwards through
the metathorax,

The Meta-notum is a rnerrow thickened sarched

ridge, which lies beneath the scuﬁellum, where 1t
articulates with the ‘%orgite of the first abdominal
segnert. The pleural sclerite is undivided, and
ferms a narrow plate extending from the insertion
of the halter. to the middle line. It is attached
to the metanotum above and behind, 2nd to the epi-
merion of the mesothorax in front. The mets—ster—-
num 1s a smsll oval plate, fused with the pleural
soleTites. It bears the post furei, and its pos—
terior borders are deeply excavated for the receptioq
of the coxae of the hind legs. _ |
The post furca lies oh the metasternum,. i
anterior to the coxae. It consists of a pair of ;
pointed wing like expansions, united with one anotneﬁ
and supported by stout ribs. It is attached to thei
median Pidge between the two lateral halves of the i
metasternum. Fach expansion is supported by a Y
shaped rib, the inner 1limb of which runs to the eéx— |

treme/
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extreme tip of the apCileme. These ribs converge
inwards and backwards, and those of the two sides
are connected by a sheet of chitin. They do not
meet posteriorly, but diverge again, and terminate
in a pair of stout hooked processes, which lie be-
tween the coxae, and are closely connected with the!

median ridge on the meta—sternum. | i

(e) THE WINGS.

The wings, when in the resting position,
extend a 1ittls beyond the tip of the abdomen, and
are held in a tectile manner. Their general shape
is indicated in the figure (Plate I). They are
1light brevn in color, and are mottled with patches

i
of a lighter tint. The inner half of the posteriori

. border of the wing is indented, so that a large

anal lobe, a smaller alula, and 8 still smaller

antisquama, ean be distinguished. The Squama is

specially differentiated, and is relstively rather

large and conspicuous. It lies in & plane almost

at right angles tc the wing when. the latter is
moderately extended, and, as the wing is folded
backwards, the squama is folded in it so that it
lies in contact with the antisquama. The special

mechanism by which this is accomplished has already |

been/
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VENATION OF WING,.

¢.Costa, se.subcosta, r.1,2,3,4,5, the four divi- .
sions of the radial vein. n,1,2,3, the three divi- i
sions of the median veiﬁ. cu, 1 & 2 the two divisions
of the cubital vein. a.n., anal vein. h.humecral

cross vein., ax., axillary cross vein. rm. radial
median eross vein, m.medlan cross vein. meu. median
cubital cross vein. A,an', anal lohe. al. alula.
as.antisquama. sq.squama. R,R1l ete. the radian

cells. M. M', etc. the median cells. Cu 1 & 2, the

cubital c=slls.
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been described. The squama jis somewhsat thicker
than the rest of the wirg, and has a thickened mar-
gin, which bears a frinege of fine hairs,

The distribution of the wing veins is
sufficiently indicated in the text figure. The
terminology employed is that of Conistock and Need-
nam (15). The Costa exterds to the tip of the wing|
and i1s continuous with the thickened posterior bor— |
der. It bears four rows of small spines, which ex—|

tend all round the wing. The Radi=al vein divides

into four branches, of which the second represents

Toxt Figure 1. Venation of Wing.

the fused second and third radial veins. The first
radial vein, the stoutest in the wing, bears a sjnglp
row of small spines. At its termination there is |
2 small oval area cf dark pigmentation, the "stigma"L
The division between the fourth and fifth radial

veins/
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veins is peculiar. The fourth vein turrns ferwards
and tnen outwards, from its origin, and from the
angle so produced a stout spur projects inwards, in |
line with the vein. At first sight i1t appesrs as if
an adventitious cross vein had been developed, but a |
comparison of other Teoanidee indicates that an ob-
tuse angle is by no means vncomnon a2t this Junction.

- The peculiarity is the prejecting spur.

(f) THE LEGS.

The legs are composed of fiv.e joints, 2s
[ in other Diptera. The joints differ somewhat in |
the three legs. The ecxa of the foreleg is long 1
and cylindrical, and articulates with the thorax at
a comparatively wide membraneous interval external to
the praesternum. The femur resembles the coxa, but |
is longer, and is covered with stocut black setae.
| The tibia is shorter and stouter than those of the
other legs, and is covered with setae. The coxa
of the middle leg 1is much reduced in size; it |
articulates with the coxal plate which lies behind i

the mesosternum. The femur resembles that of the

|
foreleg, except that the setae are restricted to a |

' small area just above the lower end. The tibia Oof° !
|

this leg has two stcut conieal spines at its lower end.
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The coxae of the hind legs sre broad and cval, and
lie almost in contact with one ancther, on the
metasternum. The fermur and tibia resemble that
of the middle leg, except that the hind tibia does
net besr spires. The metatarsus is the same in
the three legs. There are five joints, the first
of which is much longer than the rest. The next
three Jjoints are short and conical. The terminal
joint bears two large symretrical curved claws, and
three pulvilli with glandular hairs.

The fore tibia is colored yellcow in its
proximal half; the mid and hind tibise 2re yellow
throughout ,except at the lower end,& in small

areas about the middlie and the uprer end.

(g) THE HALTERES.

These are situated on the anterior edge
of the metathorax, just behind the postericr
spiracles. Each consist of a scmewhat flattened
ovoid kneh, bourne in a slernder stalk, which ter-
minates in an expanded bhase. The upper and lower
surfaces of the halteres are pigmented, 2nd are
covered by extremely fine heirs. The proximal

expanded end cof the stalk, and a small elevated

cushion 1lving behind jtﬂ have on them a large number|

of minute shalliow pits, on the margins of which

there/



| narrow area on the posteriocr margin, of the same fawn

“under cover of the last segment.

4S ,

thers are a few small hairs.

(z) THE _AEBDOMEN.

Tha sbdemen is ths sama breadthas ths

thorax, and is about twice as long. It consists of
7 visible segments which decrease in width from beforé
backwards, s> that the last is about two thirds the ;
breadth cof thie first. Ths posterior segments are
flattensd from ahovae downwards. e ccleraticn re— |
sembles that of the thorax. The median light stripe
is eontinued dewn the abdomsn, and in addition there

is on sach segmant a rcund spot on eaech side, and a

golour., Th= whole abdomsn has a scanty covering of
4 ¥

dewny halrs, and thers is 2 suell fringe of short

stout setae on the pesterior border of the last seg-

ment. A pair of small oval anal lcbss prciects from

Tha'pleural merbraa which unites the ter-
gitas and stearniies, and which bears the spiraclss,
is ecapable of considerable distonsion, and is con-
spicuous in a recsntly fed insect.

Under cecver cf the seventh segment there
are sevoral snaell selerites, which, with the anal
lches, may be taken to reprssent four rediiced scg-

ments /




geventh segment, so that they form a continucus but

&Qa.

segments. Dorsally therse is a plate resembling the
gseventh tergite, but about one fourth the sizs; be-
hind this there are ‘two pairs of small pisces, and
the two anal lobes. On the ventral aspect the i
several bieces are fused into one, which is roughly
square shaped, with the pestsrior half of its lateral
borders expandsd. Thess sclerites are situated in
an anthredisal membrene, and when they are drawn out,
it is seen that the antsriocr margin of the first

piece is attached to the postericr margin of the
retracted part of the abdominal wall. The arrange—

ment prebably represents, and funcetions as, an

ovipositor.
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INTRERNAL STRUOCTHRRS.

(1) THE ALIMENTARY CANAL.

This ccnsiste.cf the fclleowing partei-—
Pharvrx.
Cescphagus, with its divarticulum.
Preventriculas.
lidgut .
~Hind Cut, divieible intc-
Ilsum, with the Malyighian tubes
Colon
- Rectum, with its pagillae.

The Pharynx is the mest inportant psrt of

the sucking spuveratuvs ¢f this insect. It consists
.cf twe cbleng verticel enitincous plates, the anter-
icr of which is certinucus with the epipharynx, the
postericr with the hypeopharynx. These plates ars
conecsve forwa:ds, end are cleosely cppesed to cne
another in a state cf reest; the? are united tc cne
ancther by their letersl berders, and the pcuch sc
fcrmed cpens belcw intc the canel between the epi-
pherynx and hypcyherynx, end abcve intc the first
rart ¢f the csscphagus. The upper lstersl angles
cf the pharynx gre prédueed intc twe long ccernuve,
which preject upwards, and slightly ferwsrds, inte
the cranial cavity. The pharynx lies ¢n the pala-
tel membrane, in frcnt of and between the stipes
cf the maxillae. (Plate 3 fig. 13).

Thq/




The Oesgephapgus ccensists ¢f twe perts,

diffeYing in structure and in functicn. The first
pert is accesscry to the pherynx, and might per-
haps, be more ccrrectly described as part of it,

since it plavs an important part in the mechaniem

cf feeding. (179.

Text Figure.2. The Chitinous plate of the Oesopha-
gus. A. when the pouch is dilated. B. when empt

It dis & dilatahle chamber, 'situsted between the
ccrnue of the pharynx, end lying in a horizontal
plsne, that is, at right angles tec the pherynx and
prcbeseis. The suuaricr and lateral wslls of this
pcuch are formed by a quedrilateral plete cf
chitin/ quﬁgmﬁp

IBRARY
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chitin. This plate 1s cencave dovnwards, and its
four angles are turned dcevnwarce towards the
vharynx, asnd are ccnnected with it by & thin mém—
brane which ccompletes the chamber. This membrene
is attached tc the margins of thechitinous plate
above, and tc the ccrnua of the pharynx and tc the
upper margins of the twe pharyrgeal plates below.
The second part c¢f the oescrhagus runs directly
backwards from the posterior angle of the first
part, through the brain, cceipital feramen, eand
neck, intc the therax. It terminates Jjust behind
the thoracic inlet in & smsll dilatation, in the
deresl aspect ¢f which there is an aperture, by
which the oescphagus ccmmunicates with the pre-
ventriculus. The intras—cranial perticn of the
oescphagus has a thin semi membranecus wall, but as
it passes buckwards the chitin thins, and is re-
placed by a layer cf small rcund cells, set c¢n a
besement membrane.

The Oescphzgesl Diverticulum is & smell

bilcbed szc, which lies in the seccend erdcmingl seg-
ment, tc the left of the middle line. 1% is con-
nected with the cesophagus by a fine duct, which
ariseé from the posterior end of the terminsl

dilatatien/ | -




53.

dilatsticon of the cescophagus, and r™ns backwards
benesth the preventriculus and between the sal-
ivary glands. The walls of the divertriculum are
composed of delicate Interlacing fibrils, in the
meshes cf which there are many rcund cells. The
duct has the same strueture as the thorscic part
cf the Oescphagcus, with which it is directly ccon-
tinuous, the distincticn between them being cnly
marked by & narrcewing cf the lumen.

The cescphageal,divarticulvm is vesualiy
distended with gas. Scme~times it is found to con-
tain blced, but it apparently deoes nct function
in *the same way as the correspending crgans of the
neeguite, since 1t is freouently fcund to he empty
in specimens discected immediately after feeding.

The Prcventriculus extends thrcughout the

thorax, lving between the later:-1 expansicns of the
nediafurca and ca the mescphregma. and terminates

in the second sepment of the abdcmen by jeining

the midgut. Its antericr pertion is brcad, flat,
&nd has a mammillated surfece; the peetericr portion
centrazcts te form & simpls narrew tube. At its an-
tericr end there is on esch side a wide wing like
expansicn, the prcminent antericr angle of which

is preduced feorwards and cutwards with a small

peinted/




pointed tuberclie. It should bhes noted that the vro-
ventriculus lies throngnout 5n a higher level than
the oesophapus and its direct continuation, the
oesonhageal diverticulum; the opening into the oeso-
phagus is on the ventral surface of the proventri-
culus, a 1little behind its anterior 2nd. The mam-
mellated appearance of tne surface is produced by
folds in the wall; these are arranged somewhat ilrreg-s
nlarly, but there are ﬁeually two rows of simall ele-
vations to each of the surfaces, .and one row on each
lateral margin.' The lumen of tne proventriculus is
a transverse slit, which beooﬁes rounded in the pos-
terior wnertion. The wall of the nroventriculus is
composed of a laver of round or cval cells, attached
to a stout bhasement mermhrane. These cells, h&wever,
rave the power of forming & large amount of secre-
tion, which is collected in *the cells towards their
free margins, and evenfually extruded into the lumen.
The appearanices seen on eection consenentliv differ
widely at the various stages of this process. When
the secretion is Milly formed but not vet thrown off,
the cells are elongate, and are arranged in rather
indefinite rows. The thiclai are round or oval, and
stain deenly. The borders of the cells adjoining the

lumen/
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lumen are converted into & structureless nvaline
eogsinophil mass, in which the distinction between
adjacent cells is lost. This hyaline layer is car-
ried into a2ll the folds of the wall, and renders
the nmarmillation of the surface more marked. At a
later ~tege this secretion is thrown off, and the
lumen is found to be filled with a coarse granular
mass, whieh takes uh the eosin stain only faintly.
Thé cells are flaitened, and their nuelei lie close
te the Baﬂement membrane, with their long axes par-
allel to it. The surface of the proventriculus is
then not so marmillated & the lumen is less flattened)
At a satill later stage the lumen 1s found to be
emptv, and +he wall closelv resembles that of the
Ioeéoyhagus, being composed of a éimple layer of
round cells, the inner ends of. which project into
the lumen. These remarkKable chances are related to
the feeding of the fly, and are of the same nature
as those described by Schaudiiii( 18/ ) in the mosquito
The Midgut is the chief digestive part of
the alimentary canal and is the only part in whieh
blood is found in a recentliv fed insect. It lies’
in the second and third segments of the abdomen, and
is embedded in a mass of fat body, to which, and to
the adjacent coils of the Malpighiam tubes, it 1s

closely/
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closely bound down by a rich supply of tracheae.

It is oval or psar shaped, the narrow antaric: angd ,
which is generally a 1little dilated when the gut

is full of bloecd, merging indefinitely with the pro- |
ventriculus, while the postericr end is.sharply de-
marcatad from the rest of tha gut by the insertion
of the Malpighian tubses. The wall of the gut con-
sists of a single layer of long eylindrical cells,
arising from a thin basement membrane, and two thin
layers of muscle fibrss, ths inner laver being cir-
cular, the outer layer longitudinal.. The cells,
with thsir bassment msmbrans, are collected through-
out the cavity into small villi, se that the mid—

gut has a stellate appearance on cress section.

| Ths cells lying between the villl ars tyrically col-

wnrar and ars regularly arranged; while these on

the sides of the villi are more slongate, thair
attached ends being comprss=ed. The appaarancé of
ths protoplasm betwesn the nueleus and ths fras bor-
der of the eall variss in differsnt preparations.

In some it is c¢lear, hyalins, and eosinophil,Whiie
in others it is vacuclatad, and the horder of the
cell is frayed out, the cellis having discharged

thelr secretion after the manner of goblet celis.

The/




rectwd. The wall cconsists of a single laver of |
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The lumcon of the gnt otften econt:-ins large muabers
of dagenerated fres nueleli, evidange of the degensr-
ation of the epitheliuwm. Thare are many snall
rcund cells, by nesns of-whieh the colwanar
layer'is ragenerated, lying between the attached
enda of the ceils; thess are mest conspicurvs when.
the large c¢ells have discharged their secretich.
Tha Hind Gut ccrmences at the origin of
the Malplfhian tubes and is centinued huackwards as |
a sirpls narrow tube. The first part, irmediately
behind the mid-gut is scmewhsat dilated;the succesad-
ing narrow portion is bent upon 1ltself, vassing first
frem laft to right, then to the left again, bending
upwards; The gut then dilatss io'twice its previous

dizsmeter, and runs dirsctly bsckwards tco Jjein the

short cubical ce;is, ¢n a hesement membrane, and a
faw scatisred bands bf cireoulary snd loereiiilinal
mascle f£ibhres. Although there is no difference in
structurs, +he antericr narrow vortion may for con-
vaniesnce be termed the Tiswum, the dilated wosterior
pertion fhe folon. The dilated anterior portion
cf the Tleum, 1n a ccnsiderable properticn of cases, |
has been found distended by twe or three large zrog-
arine cysts. The Co.on freaquently contalns many

largé/
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large reddish granules, the remains of hlceds
The Ractum is separated from the colen by

a slight ccnstriction of the gut. It is pear shaped |
the narrcw end cpening benezth the anal plates,.

The structure of the wall resemblss th=t of the
precedine porticens of the hind gut, except that

tha circular muscle fibres are more numercus.

There ars six rsctal papillas inset in the wall,
They are small curved wedge shaped bedies, preject-—
ing intc the lumen ¢f the rectum, their apieés being
direectod towards the anus. They are composed cf a
single layver of largs calls; arr-nged around a cen-
‘tral lumen, dovmn which there runs a small tracheal
twig, which enters *he papilla frem the cutside.

The Melpichion Tubes ars fcur in number.

Each tube, when diswécted cut, is sbout the same
length as the whole alimentary canal. Thsy are
arranged in ccmplieated lecops, chisfly in the pos—
tericr part ¢f the abdomen, énd.are closely bound
dovnn to the c¢ther 6rgans by tracheal twigs. A long
locp passes forwards in each side cof the mid-gut.
The tube is of uniform diameter throughout, and
tapers to a blunt point which lies near the rectum.
In fresh dissecticng this end of the tube haé an

orange/
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orange red cclour. The tube 1is composed of a single

layer cf larges flattened cells, with large cval
nuelei, which are folded rouwnd the lumen and cemen-
ted by their sdges. They aré insertedtinto small i
expanded evaginaticns of phe sut, where the large

flattened cells beccme replaced by small round cells,

The Salivary Apwvaratus ceonsists c¢f a pair

¢f glands, a duct, and a reserveir. The glands lie !
in the thorax, extending to its junction with the
abdomen. They 1lie beneath the ﬁroventriculus, and “i
on either side ¢f the duet of tiis 0cesophageal diver-
ticulum. They are long, simpls, and tubular, and
dilate gradually from befer~ backwards, the poster-
ior perticens being curved outwards. They are com-
posed of a single layer of cubical cells, and a
stout basement msmbransa. The luman gonsrally con-
tains a mass ¢f small gramiles. Towards their an- |
terior snds the glands narrow, and the bassment
membhralne is‘rainfcrcsd oy 4 sariss of cearsn,closaly |
set;chitlnmL%rinﬁS,WHilo tia ealis hacconmas £lat-
t=anai. Tha2 two duects which ars thus formed unite
Jjust before entering the nack, and the eommch duct.
lying velow the nerve cord, runs to the salivary
reservolir, This salivary reserveir is a small chit-
incus pouch situated in the lowsr half of the pos-

terior surface of ths pharynx; it cvens below into

the/
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the duct in ths hvpopharynx.
(2) THE RESPIRATORY SYSTEM. (Plats V £ig.20)

The Hoad. Two small trachsae from the

anterior theruacice spiracls anter the hsad, and at
onea broak up into branchas, tos minute to ba traced,
Thare ars minuta trachaap in the labiuwm and antsnnaa!
winich sxpand at tﬁe hage of ths organs into small ;
alr sacs. Tha largs spnaca abova and in froat of |
tha brain and pharyngsal masceles is entirely filled
up with small air sacs, of which as many as twelve
can be countad in soma sactions of the hsad. Thay
ara closaly adhsrant to ths spieranium and to +le
brain, and ars most Ffornidabla obstaclss In ths
disssction of ths hsad. Thay havs vary tough and
thiek walls, and obviocusly cean havs little or no
functicn in thz raspiration of ths insset. Thay
sarvs as alastic cushiona to protsct ths cerasbral
ganglia .from tihe changes of intra=cranial tension
during f=eding, and hava also a function, as will.
b3 sacsn latsr, in relation fto ths machanism of
faading.

Tha Thorax. The antsriorthoracic spiracls

is situatad at the antariorand c¢f the membransous
interval bstween ths dorsal and lateral walls of
the throat. The pestarior spiracls liss just in
front of the halter. It should be noted that the

spiraclaa/




61. '

spiraclas aro not orifices in the chitincus wall of
ths thorax, but ars situatad on the msmbrans join-
ing ad.jacsnt sclerites. Each spiracle is a dumbbell
shaped slit, with a chitinous margin, on each side
of which thsere is a row of short comblike spires,

to guard the orifice. The tracheae wnich arise

from them breax up at once into numerous small branch

as distributed to ths rmascles and viscera. Thers

hsad, arcund the thoracic ganglicn.

The Abdomen: Thers are seven spliraclss,

g i

ara sevaral small air sacs, resembling thosas of the l
|

|

|

:

resambling thoss of the therax, ﬁituated in thsa
plaural msmbrana, Tha first one liss immediatsly
bshind the mstethorax, the othsrs being situatsd
rathar in front of thsir respsective ssgments, and
diminisning in size from bafors backwardis. The
arrangamsnt of ths tracreae within the abdomsn is
| i
somswhat complsx. The trachea from the flrst

spiracls;aftser a short backward courss, ends in a

smallsr alr sac, which leads by a short connseting

trachea to a sscond and larger air sac. Thasa ailr |
sacs ars sntirely different to thoss of ths head. I
Thelr walls are composed of a thin white opague mem- f
brans, wnhich,when rupturéd, spreais out in water, like|
a very thin paratfin ssecticn. It 1Is very difficult ]
to dissclve the alr out of these vesiclas, and ssc- '
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sactions of thjis part ¢f the abdoman ars difficult

to prspars. TFour small trachea arise from the sacond

airhsac. Tha first rmns inwards, and brsaxs up at ;
once into fins filaments for ths supvly of tha
adjacent fat bedy; ths sacond trachsa communicatos
with tha sscond spiracls; and the third rins alongthe
dorsal wall, ventral to thes hsart, communi~ating ‘
with its fellow of the opposite side. The fourth

and largsst of thase trachea runs dirasctly backwards|
to tha and of ths abdomen »s tha main lateral trachea,
This gives off gsix dorsal branchas, which communicata?

with thoss of ths othsr sidas, vontral to ths heart, M

and many'small branchas 10 the viscera and to the |

{givas off a numbar of small twigs to .ths surrounding

\parts; tha fourth trachea supvlies most of the mid- |

ventral wall ¢f the abdomen, and receives communicat-.

ing branches from the third to the ssvanth trachsas. |

Each trach=a as it passes irvsrds from its spiracls |

lgut: © the fifth, whiceh is of considerable size,

constitutas ths main supoly of the ovary, which it

|ent3fs aleng its posterior border.

(3) THE MUSCLES OF 7"HRE HEAD.
The musclas asscciated with the mouth parts
hava basan slaborately dsserihad and figurad by

Mainart (Il ) and Hansen (1}H), in Tsbanus, and some

of/




of Meinerts! figurss are t0o be found in most text
boocks on Entomelegy. The arrangement of the parts in
Haematcpota does not differ materially freom that
desceribad in Tabanus. but sines the works of the
aﬁove authors ave in Danish, and are net rsadily
aceensihle, an account of ths parts will bs given
hera., It will be necessary te go into considerable
. detail in order to facilitate the subsaquent
deseription ¢f the mechanism of fesding. The
miscles were studied bv dissecticn and in serial
sactions taken at varicus planes.

Labigl Museles: The intrinsic muscles,

acting on the labellas, have alresdy been dascribed.
Thera is also a8 palr of small rstrasctor miscles,
whieh arise from the tubsrcles at the bhase cof the
intrae—cranial tunnels, and are inserted inte the
cornua cf the labiwnm. .

Mandibular Musgcleg:There ars twe adduector

miseles attacnaed to the inner cormia of the mandibla;
The internal of these, the adductor rectus, arises
frem the Inner side of the trabecular membrane and
frem the intra—crsnial tunnel. The ob;ique adductor
arises from the floor of ﬁha head caﬁity, nsaxr ths
postarior horder. Tha abductor musels arises near
tha oblinuea addudtor, and is inserted in the asxtsrnal

cornu. It has a long tendon.
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The Maxillary Museles arse also thres in

number. The adductor ractus gri@a% from tha inner ‘
side of the trabscular ﬁembrane, in common with \
thae corrasponding mandibular muscls, and the obliqus
adductor arises above and bahind the oblingus mandib-
ular mascls. Thns two adduetors run almost @irectly
in tna llna of the maxillia, aﬁd ars insarted into
the lowsy enﬂ of the stivas. The abductor muscls
of thas maxilla arisss from the gsna, sxtarnal 1o |
the antasriocr orifica of the Intra ceranial tunnel,
and mMins upwards © and backwards to ths uppsr snd
of thas stipas.

Tha Daprassor Labrili liss between hhe two

latsral halvss of the dilatcer miscls of the pharynx,
It arises from the Ilntarnal surface of ths clypeus
and aftor a short courss domwards and backwards is
insertéad into tha tongus shaped uppsr end of the
Llabrun. |

Thea Muscles of the Pharvnx. Tha dilator

of the‘pharynx is the largest muscls in ths head.
It passes from the sides of ths clyvpeus to the antf
arior plate of the pharvnx, and sncleoses the depress-
or labri. It should be noted that the lina of
action of this musele is not dirsetly forwards, but

forwards and outwards.

The Retractor Muscles of ths pharynx arise

from/
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from the spicranium betwsen the syves, just above
the largs vigment spots. They are of small size,
and have long tanﬂena, which ars insartsd intc ths
cornmua of the pharynx. |

A

Hanssn describss in Tahanus a "laxatort
musela of tha vharvnx, passing from the elypsus te

ths upper end of ths pharynx. I have not heen able,
in Hasmatopotbta, to distinguish this muscle from the

dilator.

The Protractor of the Pharvnx arises from

the innsr sides of the ftrabscular membrans, and
passas upwards and forwards to thns cornu of the
pharynx. 1% is short and stout, and has nc tandon .

Muscles of thes Oeosophagus. The Dilator

muécla corrasponds to that of the pharmmx. It is
breoad and fleshy, and liss in a vertical plans,
baing attached tc the enicranium in Ffront of the ver-
tex, and to ths whole of ths upusr surface of the
chitinous plate of the first part of the ossophagus.

The Lateral Dilators of the oasophagus

arise from the epieranium in the region of the
antennal socksts and from the adjacsent parts of the

" trabecular membransi They ruan inwards and back-
wards and a 1littls upwards, and ars insarted without
tendons into the down turned sdges of ths cssophageal
plata. These muscles ars called "Comprsssors" by

Hansen/
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Hansern.

The sﬁljncter Muscles are composed of
cj}cular and oblique fibres, which support the:
membraneous wall of the first part of the cesopha-
gus. There are two bands, separated by the corrua.
of the pharvnx, which run trarnsversely between the

lateral edges of the chitirnous part of the wall,

-that Is, on the inferior surface of the oesophageazl

pouch. The posterjor bundle contajns many oblique
firres, and is larger than the anterior cre.

There is also a c¢ircular sphincter, attached to the
corrua of the pharvnx, which ercireles the short
duct between the pharvngeal and oescphagus pouches,

The Retractors of the oesophagus arjse

from the sjdes of the occipital Porsmen, and are

attached_ta the second 121t of thé cesophagus as

it leaves the brajin. There are two smsll burndles

on each side, arising above and belcw the Foreamen.
The salivary reservoir js surrounded by

2 fan shaped rmiscle, which js attached toe the poes-

terjor plate of the pharynx. Hansen s8lso figures

a mnesial muscle, 1ving between the adjiacent borders

off the lateral halves of this muscle,
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(4) THE MECHANISM OF FEEDING.

The sucking of blood 1s accomplished,
aftér the insertion of the proboscis, by the alter-
| nate diiatation and contraction of the pharyngeal
and ozsophageal pouches, and the whole structura of
the head is adapted to this funetion. The anatomy
| of the parts, considered with due regard to gsneral
| mechanical principle, and to tha.observed habits of
the living fly, provides an gxplanation of the exact
mechanism. The process may be ceonsidered in thrx=e
gtages, the insertion of the pierecing parts, the
sucking of the blood, and the passage of the blond
onwards into the gut.

The insertion of the piercing parts is
accomplished, nat by a movement of the parts them-—
selves, but by a forward thrust of the whola2 body
of the fiy. Since thé prohoscis has only a slight
inelination forwards from the perpendicular, it is
necessary, in order to obhtain the greatest mechan-—
| ical advantage, that the proboscis should be brought
more into line with the long axis of the body. This
is accomplished by bending of the neck, and by the
elevation of the fly on 4ts hind legs, this manoeu-—
vre brings the convex end of the prothorax in

contact with the concavity in the posteriocr surface

of/




of the haad. While in this position the fly, taking
a firm hold in the skin of the host by meens of the
large claws on the mstatarsi, gives a series of
short jerks forwards. The wound is made bV the

{ mandihles and ¥2xillae, both of which have fimm
sttachments to the chitinous wall of the head. The
epipharynx and hypopharivny take littie or no part
in this .Orocess, sinee the pharynx, with whieh they
are continuous abova, has o2nly membranous and
migscular connections with the rest of the head, and
thera is no rigid 1line through which the pressure
can zct. Moreover, the epipharynx has a blunted
tip, . and the slender hypopharynx falls & little
short of the other mouth parts.

The mandibles and maxillae, after theiry
insertion, can perform lateral and to and fro mave-—
ments, by which the wound in enlarged and kept open.
The nature of the movement N their muscles is co-
related in a remarkable manner with tha nature of the
afmature, in each case. By the alternate contraction
of its adducter and abductor museles, the mandible
rotates on its fixed point, the gingiymus, through
a short arc, and 2t each contraction of the shducter
muscles the sgw iike edge I brought ihto play..

By similar alternate contractions of its
muscles the maxilla 1s alternately bent and

straightened/
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straightened, th2 movement taking place at tho
joint batween the cardo and stipes, and in tuis way
the rasps on the and of ths blade ars forecad up and {
down irn the wound. During the making of the wound,
the pharynx, carrying with it the labrum-epipharynx |
and the hypopharynx, is retracted by contraction of
the retractor muscles attached to its postsrior cor-
nuay this is facilitated by the retractor nuscle of
the lgbrum, which pulls upwerds and forwards Ch
that part of the upper end of the labyum which is
not fused with the epipharynx. fhen the wound is
made, the pharynx is thrust into it by the contrac-
tion of the protractor muscles. | |

The sacond part of the feeding process 1s
ths dilation of the pharynx. This ia accomplished
by the contraction of the powerful dilator muscles,
which pull the anterior plate forwvards, and reduce
its concavity.

At first sight it is a 1little difficult
to understand why the pharynx is not drawn forwards
as a whol2, since therse is no muscle or firm chiti-
nous attachment to directly oppose the dilator
museles. This is preventsd by the combined action
of the protractors and retractors of the pharynx.
When these two muscles act together, the vertiecal

element in the forece of esach will he neutralised

by the/
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other, so that the resultant pull, the protractor
muscle being the larger, will be backwards. The
lower end of the pharynx is meanwhile steadied by
the elypesus, ag2inst which the labrum epipharynx

rests.

puring the diliatation of the pharynx the
sphincter muscles of the oesophagus are contracted;
when the pharynx ig full, they relax, and the blood
is drawn from the pharynx to the sacular part of
the oesophagus by the contraction of the dilator
muscles of the oesophagus. The sphincter muscles
then again contract, and so'drive the blood bhack-
wards into the gut, the second part of the oesoph-
agus being held taut by its retractor museles. The
pharynx now dilates again, and the process is re-
peated until the insect has had a full meal.

The intra-cranial tunnels have an impor-
tant relation to the mechanism of feeding. They
are nearly parallel to the dilators of the pharynx,
which lie, in fact, in the chamber formed by the
trabecular plates arising from their upper surfaces.

The chitin in the region of the clypeus
is very thin, and were it not that the intra eranial
tunnels support 1t and distribute the strain on to
the thicker psrts at the base of the skull, would be
unable/




unable to resist the powerful dilators.

It will be noticed that the pharynx has
no sphincter musele to bring the two plates into
opposition when the blgod flows to the oesophagus,

and that the muscles which close the oesophagus

are very much smallar than the dilators. The 601—

lapse of these chambers is usually attributed, in

the mosquito, to the elastic recoil of the plates,

elasticitv'being assumed'as a property of this var- |

iety of chitin. Whether this be the case or not,
it is highly probable that the air saes in the head
play an important part in the mezhanism. When the
pharynx is filled with blood, the sphinctar ba-

tween it and the oesophagus being contracted, the

intra—eranial pressure must necessarily be increas—

ed. This will result in a compression of the gir
in the sacs, and, when the sphtncters are again re-
laxed, the positive pregssure will be used up in
bringing the plates orice mors into contact. In-
creased pressure is to a certain extsnt allowed for
by the palatal membrane.

The mechanism of the salivary apparatus
is simple. The saliva is foresd from the glands
into the reservoir by the contraction of the thor-

aciec muscles/
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museles in which they 1lies, and is sjacted from the

reserveir by the contraction cf its fan shaped

musele.

(5) THE REPRODUCTIVE SYS3TEM.

This consists ¢f paired cvariss and acces-
sory glands, an oviduct, a genital bursa, and three

sparmathecaa.

Tha Ovarias lis in tha last thres or four

samments; unlike the mcsquifo'q, that dc not, oven
when the ova are ripe, nroduce any considerable dis-
tension of th= abdonen. They are white psar shapaed
bedies, in whieh the sevarate ova cean be readily
distinguishad. e apex of each is produced for-
ards as. a dslicate filament, which can hs traced
to the f£at body on ﬁhe dersal wall of the abdomen
in the second segment. Tha cvary is investad by a
few scattered muscle fibres, ccutinuous'with the
cviduet and with the apical f£ilament. The rich
trachaal supply enters along the roundad pesterior
berder. Each ovary consists of 54 short ovarian
tubes, sach of Whidh centains a single largs oval
ovu. Above the ovwa there is a small conical cap
of undiffersntiatad cells, the apex of which runs
forwards te join the avieal filasment. Bslow the
ova, the tubes enter a ccmmen duet, which runs in

the/




which 1t apvears as a narrew slit, sxtending about
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the outer and pestaricr borders of the crgan, and

|
which is eontinuous with the oviduct. This duct is |

; |
wsll seen in transverse sections of the ovary, in

cne fourth the circunference of the organ. The
oviduets are shert, and unite to form a common duet,
opening into the genital bursa. They are composed
of muscle fibres arranged in cireular and longi-
tudinal layers. The fibres are attached behind to
the chitinous frame werk cf the genital bursa; above
they ars continuous with the thin wall of the com-

mcn duct of the cvarian tuhbhes.

The Accsssory Glands lie between the

ovarias, extanding as far forwards as the midgut.
They are leng and tubulan, and cpen inte the gani-—-
tal bursa by short constricted necks. In fresh
dissections thsy are a dirty yellc¥ colour, cwing

to the granulsr secretion which they contain. The

-

walls/




walls of the gland ars thrown into four or five
longitudinal folds. They ars composed of short !
eylindrical cells, on & thin basement membrane.

The Spermathecae are three long chiti-

nous tubes, bent sharply on themselves ahbout the
middle, so that the proximal and distal halves lie
parallel to one another. They open by a very

short common duct into the genital bursa. The

blind end of the tube is dilated and oval, and is
bound down to the genital bursa by a few fine i
filements. The chitinous wall of the tube is thick-
est in the distal half; from the bend it thins !
gradually and can only be distinguished with some
diffieulty towaids the base. It is striated
travarsely, and appears to consist of a large !
number of circular fibres of chitin. It is i
coverad axternally by a layer of small round cells,!
external to which, in the proximal part -f the tube,
where the chitin is thin, thers are a few bundles
of muscle fibres. At the base of each spermatheca,
Just above the pcint at whieh the three unite to
form a common duct, thers is a rsemarkable funnel-
like structure developed in the wall of the tube.
This consists of a central hollow cylinder of

thick/
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thiek chitin, slightly'curved, and tapering to a \
point below. This is enclosed in a seriss of thin
transparent rings of chitin, somewhat loosely
arranged, and apparently spiral. They project a
considereble distance from tﬁe surfacs of the |
eylinder, and support the layer of round oslls. In|

front of the tube, and slightly saeparatesd from it,

thers 13 a short but wide flange of ehitin, shaped f
like a short funnel. The whole structure closely !
fesembles a short,hollow ond -slightly bent screw. |
(Plate VII Fig.34).

The Genital Bursa is the continuatiof

of the common oviduct & into it open the accessory |
glands =nd the spermathecae. Its wall is support-
ed by an incomplete framework of delicate c¢hitin, {
consisting of one transverse and two lateral i
plates. The lateral plates are oblong, and cnn-—
cave apwards, and lie mainly in the horizontal
plwia, but are inclined towards one another. The
transverse plate lies in front of them, and is
connected with the lateral plate on esch side by
a thiek rib of chitin, which is continunus with
its thickened anterior border, and with a ridge

near the inner border of the 1lat=2ral plate. The

anterior plate is also concave, and the three

- 4, ,c:;'!".fi
together,
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together form a support for the lower wall of the |
bursa.

The posterior end of the bursa is partly
elosed in by two thick curved ridges of chitin, i
which arias from the lateral plates, and converge
backwards and inwards towards one another. Each ‘
of thesd® ridges has a row of peculiar gpines, ‘
( Plate VII.fig. 26), which project inwards and i
a0 furthercloese in the aperture. This arrange- !
ment censtitutas a sort of valve, and suggests an |
explanation. of* the extraordinary scarcity of the
males of the species, late in the season. On
anatomical grounds ‘it is unlikely thet themals
ﬁill be able io disengage unharmed sf'ter copula-— ,
tion and it may be thet, as in the case nf the
bee (19), eopulation is fatal to the mals fly,

(6) THE NERVOUS SYSTEM.

This consists of ‘a eompound ganglion
in ihe head, thoracic and abdominal ganglig ., and
their connectives and nsrves. It shows a moder—
ate degree of coneantration. The optie lobes,
cerebral ganglia, and the surcesaphageal ganglia,
are fused into one mess, which lies in'the
posterior part of the head, and envelopes the

secend. /
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cagond parf of the oesgophagus. It ls shaped like
a short stout eylinder, the transverss diamster
being about four times the width. The anterior
surface is irdentsd at approximately equal fourths,
indicating."the lines of fusion of the optic lobes
and central bodies; the rosterior surface is -
similarly indented in thirds, the nerve cord which
vasses through the neck zarising by two branches
from the middle third., The antennal nerves arise
from the outer sides of the cehtral hedies and
pass directly forwards to the antennes, bhetween
the air sacs. Three small nerves arise on each
side from the inferior surface of the central
body, & break up at once to be distributed Lo the

adjacent muscles. One small filament can be

traced in sepigl. sections to the labium. The

optic nerves arise from the whole outer surfaces of
the optic lobe on each side, in a conical bundle,
tﬁe fibres of which spread out forwards and inwards
over the wide area occupisd by the ayes.

The envelopement of the oesnphagus by
the brain is well dsmonstréted in serial section
parallel to the proboscis. The first part of the
oegophagus lies at a slightly higher level than
the brain, so that the intra-cerebral portion

enters /
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enters the brain  towards its upper surface, and
passes through with a downﬁard inelination,
emerging near the lower surface, just above ths i
nerve cord. The parts are so much fused that_the
relation of the ganglia to the oesophagus,found |
in mers primitive insects 15 lost. | |

The nerva cord liesyin the hezd,above !
the salivary duct. As the duct divides the nerxrve ‘
passes between them, and comes to lis on the ?
ventral wall of the prothorax. It here gives
off two small nerves, probably racurtsuni, the
coursas of whieh has not been traced.

The Thoracic Ganglion lies in the

prothorax. It ds flattened from above downwards ,
and is shaped somewhat like a heraldic shield.

It ennsists of three fused ganglia, the distinetion
betwesn which can be readily made out in suitably
stained preparaticus.There ars two small aceessory
lobes, attached to the external angles of the
anterior border, and projscting from the under
surface. Seven nerves emarge from sach side of
the ganglion, and are distributed to ths thoracic
musclsse. Two smnall bundlss 2marge from the

raglion of thas accessory lobes, and Clie large

trunk /
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trunk frem: the posterior border of each of the
constituent ganglia. The middle cne c¢f fthese is mach
the largest, and emerges in two parts. The

‘seventh nerve is a small filament iyiﬁg just i
extarnal to the emerging eemnissurs at the poster— |

ior end. It may, perhaps, indicate the fusion. 1

of an abdominegl ganglion with the thorscic ganglia.

The Abdominal Ganglla are connected with the !

theracic by a eomparatively long cord. There are 5
five diseret~s ganglia, of which the largest re-— i
presents twe fused together. The first,éécond & thifd
are small round masses, separated from one another,
and frcm the fourth, by short cords. The fourth
and fifth one partially fused; the fifth is larger
and more oval than the rest, and, =zs5 in the case

of the thoracic ganglicn its constitusnt parts are
ea2sily recognised by suitable staining. A pair of
delicate nerves emerges fryom each ganglicli, two
pairs coming from the fifth. They are of consider-
éble length and app=ar to run to the lateral walls
near the spirecles, but an account of their,
extremely small size it is difficult to be certain
of their precise distribution.

(7) TME HEART and FAT BODY.

The heart lies in the dorsal wall of
the/
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the abdomen. It is & simple and extremely

delicate tube, and is embedded in a mass of yellow

pericerdial cells, which gre adhersnt to its wall.
The aorta arises from its somewhat dilated
anterior end, and arches upwards in contact with
the dorsal wall of the thnrax. It can be traced
through the neck into the head, where it divides
into twé minute branches.

The Fat Body is distributed throughout

the body in the usual manner. A large mass of

it surrounds the midgut.




(1).

(2).

(&)«

(5).

| (8).

(7).

ROGERS, L. The Transmission of Trypanosoma

' Evansi by Horse Flies, and other
experiments pointing to the identity |
of Surra of India and Nagana or Tsetse
Flv disease of Africa.Proc. Roy. SocC.,
May 4, 1901.

SERGENT, Bd., et Et. Etudes sur les Trypanoso-
diasis de Berberrie en 1905. Annal.
Inst. Past. t. Xx ». 679: correction
p. 880 loc. cit,. 1906. ;

FRASIR & SYMONDS. Surra in the Federated |
Malay States. Studies from the Insti-|
tute for Medical Research, Federated
Malay States, Nov. 1908,

LQﬁﬁRAN & MESNIL. Trypanosomes & Trypanosom- i
\ jasis. Trans. by Nabarro. 1907. |

ROUBARD. M.E. Fixation, Multiplication, cul-

{ ture d'attente des trypanosomes ;
pathogeén~s dans la troupe des mouches |
tse~-tse C.R. Acad. Sc¢. Paris. Tet.

i

24, 1908. '

GORDON HEWITT. The House Fly. Manch. Univ.
Press, 1910. also Q.J.M.S., 1907,
1908, 19009. :

NUTTALJ, & SHIPLEY. The Structure & Biology of

Anopheles, Journ. of Hygiene. Vols.
1; 25 & 3,

HENDEL. F., Verh. zool-bat. Ges. Wein. Jahrg.
PO. 43, 1908, '
MEIGEN Nouvelle classification des Mouches
& deux Ailes., 1800. This is the paper

the origin and publication of which
is in dispute.

HINE. H.,/




|
(9). HINE. H., Habits and Life History of some |
Tananidae, U.S. Dept. of Agriculture.
Bureau of Entomology. Technical
Series No. 12, part II, 19086.

(10). PATTON. W.S. The Life Cycle of a species of |
¢rithidia parasitic in the Intestin- |
al Tracts of Tahanus Hilarius & '
Tabanus Sp.? Archiv. Protist. b.xv.,
1909 p. 33. .

(11). MEINERT.F. Fleurnes Munddele. Trophi Dipter-
orum. Naturhist F 1821.

(12). HANSEN H.J. PFabrica Oris Dipterorum. Naturhist
Tidsskrift. 1883, i

(13). AUSTEN. E.E. British Blood-sucking Flies. |
B.M., Nat. Hist. 1906.

(14). MIALL & HAMMOND. The Harlequin Fly. 0xford,
1900.

(15). BERLESE A. Gli Inse¢te Part 1, 1901,

(16). COMSTOCK & NEEZDHAM. The wings of Insects.
Americ, Nat. vol xxxii p 43 et seq.

(17). THOMPSON, MILLET. The Alimentary Canal of
the Mosquito. Proc. 3o0st. Soc. of
Nat. Hist. Vol 32, No 6, 1905.

(18). SCHAUDINN F., Generations und Wirtswechsel
bel Trypanosoma und Spirochete., Arb.

Kais. Gesund. B. xx, p 425 - 429, ;
1904, |

(19). MAETERLINK M. The 1ife of the Bec. Allen,
London, 1901. ;




P e Ay T B idee

HAFMATOPOTA PLUVIALIS. g
X 12.

Lieigen]







Fig.
Tig.

fig.

fig.

AR

Blg.

o

B

fig.

(L)
(2).

(3).

(7

).

(9).

PLATE .11,

The Maxilla, with its palpus,x45.

The tip of the Maxilla, showing the
rasps. x1000.

Transverses sacticn through the labpiumn,
abcut the middle of the labellae.
l.8sp+, labium epipharynx. hy.,
hypepharynx. 1i.p., internsl chitincus
plate, lining the grcecve.l.s8l.g.y
labial salivary gland.p.st.i., psaude-—
trachsal membrane. c¢h.,p., the uppsr
chitinous plate on the cuter wall cf
the labella. p.1.,z pocket like
indentation, which runs the whele
length of the labells, hetween the
pesterior border and the pssudo-
tracheal membrans.x 200.

The labisl salivary gland cells x 1000
Ve, VACUOLE.

The tlp of the mandible shewing the
serrations on its internal edge X 1000

The Labium, ssen from the side. 1.D.
lewer chitinous plate. s.pv., upper do.
M., membrane. st., stives. c.d.,
cardinas. s.c., scutum. ¢.8C., Cornua
of the secutum x 45

The Labiuwm Epipharynx. sp.c., itsg grcove
1., labrmun. X 45

The Hypopharynx. sl.d., salivary duct.
slv. saliv. reservoir. x 45

The Mandible. sr. sarrated adga. M., the
thickened hase. ad.C. adductor
obliques. ad.»., addueta rectus. abd.
abdustor N., nerve. g., ginglymis.
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Pig.

fig.

figs.

Pla.

10. The hesad from thse front.

3! 8y8. a.p. anteannal plats. i.7: anterior
aperturs of the intracranial tunnel. g. gena.

¢l: clypeus. p. maxillary palp. x 20.

1l. Salivary gland, transverse ssction. x 350.

12. Antanna.

r: "rings" on the distal joint. x 45.

13. The baée of the skulil: (vide p.3Y ) X 45.

i.spi.p: labrum spivharynx. mx: maxilla..gl.
galsa. ms: stipes of maxillia. mxe: cardo of
maxilla. mni: mandibls. hy: hypopharynx. 1b:
labrum. sr: salivary reservolr. ph: pharynx
ph.e: the cornua of the pharynx, betwesn
which ths Tirst part of the cesophagus lies.
mh: palatal menmbrane. 1r: lateral rod. or:
the fibres forming the lower boundary of the
occeipital foramen. or{ the postericr arch

of the foramen: oe.f. ceclipital foramen.
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PLATR. IV,

14. Tha Prothorax from abova.

P.st: prassternum, st: sternun. stl: ster-
nellwn. ms: nasosternum. epi: spimercen.
aps:. epistermua,. £.1: space for articulation
of the forelag. a.f. the anterior fibres of
the anteMiaa. X 75.

15. The Hegofureca. X 75.

16. The Postfurca.lving on the matasternum
fa: famur. tr: irochanter. c¢X. coxa, of the
hindleg. maes. matasternmum. mr: madian ridge
batwasn the metasternum. p.f. postfurea: x 75.

17. The Muscles of the head: diagramatic. d.ph.
dilator of ths pharynx. m.l: labral miscls.
1n: labrum. nm.p. lateral dilator of ths
ossophasus. ¢.n. tha sphineter betwsan ths
pharrnx @and oescphagus. ¢ps: the antsrior and
posterlior sphincters of the osscphasus. D.D.
the protractor in dspression of the pharynx.
P.p: pharynx. oes, ocas: first and second parts
of the oesophasus. r.o08s: retractor of tha
¢casophagus. d.caes: dilator of the oasophagus.
r.ph. retracter of the pharynx. se.r:salivary
regervolr. sl.d: salivary duet. mer: com-
presscr: muscle of the salilvary rassrvoir x 33.

18. The tip of the Epivharynx x 1000.
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PLATE. V.

Fig. 19. The thorax: the lateral wall is drawn
from within, after removal of the muscles.
pii: pronotum. sp: spilmsron. ep:lepistermuu.
 j2 33 : the three jugulares. s prassternun
¥ : the transverse hand of the antefurca.
gv: stermum. s*: stermelium. a. th. sp.
anterior thoracic spiracle, lving in the
mambranscils intarval batwesn the dorsal and
lateral walls. p.s.c: the postericr end of
the prasscutum. sc: scutum. W.s.cl: wing
selaritas: co: cesta, r: radius. s.q, squana.
m.s: masosternum. sy? episternum. sp*:
opimeron. c.p: coxal plate Ffor articulation
of middle leg, mt. meta tergon. mtT meata
plauron. m.s¥ metasternum. p.th.s: posterior
thoracic spiracle. m.ph: mata phragma. abt.
dorsal plats of tha first abdominal ssgment.
Xl

fig. 30, Thse respiratory system of the abdomen.
' 1l - 7: trachsae from ths spirscles. F.B. to
fat body. D.A: Dorsal branchss (7) M.g. to
midgut oc.v: the ovary. x 17.

fig. 21L. The nervous system: a.n: antennal nerves.
op.l: optic lobe. c.m: commisurs. th.g:
thoracic ganglicn. abg: abdominal ganglia.
D A B A

fig. 22. The food and meta tarsus. x 75. ¢l: claw.
pv: pulvillius,







FLATE. VI.

Fig. 23. The Alimentary Canal x L.e.p: labrum
epiﬁharynx. Hy. Hypepharynx. P.H. Pharynx.
oes , oes": lsh. and 3nd. parts of the
cesophagus. slr: salivary reservoir. sld:
salivary duct. slg: salivary gland. ces. d: |
the oesovhageal diverticulum. P.v:
Proventriculus. M.g. midgut. m.p.t:
malpighisn tubes. 11l: ilsum. co. colon. ra:
rectum, showing three of the papillas. x 17.

Pig. 84. The Proventriculus. showing the develon—
ment ¢f the intrscellular sascreticn. x 1000.

Fig. 25. Ths Spsrmathecas. sp.d: the funnel like
tubes at the preximal end cof the spearmathecsze.
¢.d: conmon duct. opening inte the genital
bursa. x 40. ;
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PLATE. VII.

one of the spinss from the genital bursa.
3 D0

tha chitinous framework of the genital.
bursa. X 44.

the wall of the hindgut. X 800.

the dorsal sciarites lying beneath the
"geventh segucnt.ll: oval lobes. x 50.

the corrssponding ventral selerite.x 50.

transvergss sgsctlion of proximal part of
svarmathsca. X 450 ;

saction through tha spiral funnel at the
base of the spermatheca. X 450,

saction thnrough tha distal end of the
spermathaca. X 450.

the spiral funnal at the base of the
spermatheca. %X 400.

a villus of the midgut X 600.
the ovaryv: o.v.t. ovarian tubule. ov.d:

ovarian duect. c.o0.d: comaon ovarian
duct. 5




