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most complete of these early accounts is that of Keller
(1790) which is illustrated by several striking plates. He
gives an interesting account of the development and breed-
ing habits, but in attempting to describe the anatomy he was
not so successful as exemplified by his mistaking the brown
testes for kidneys. In 1874 Packard wrote what is up to the
present time the most complete account of the development
of this species, and in 1880 Taschenburg, in his ¢ Praktische
Insektenkunde ’ gave a good popular account of the insect.
Howard has more recently (1898 and 1902) contributed to
our knowledge of the developmental history.

No complete account of the anatomy of this insect has yet
been published. A short popular account by Samuelson and
Hicks (1860) though interesting is very superficial, and con-
tains muoch that is inaccurate. Macloskie (1880) has published
an account of the proboscis of M. domestica, and the foot
has been made an object of study by several workers, chief
of whom are Hepworth (1854), and Merlin (1895 and 1905),
who correctly deseribed the glandular hairs of the pulvilli
Wesche has recently (1906) described the genitalia of both
sexes, but his description and figures are inaccurate. An
interesting account of the copulation of the fly has been pub-
lished by Belese (1902), in which he briefly describes the
reproductive organs, his work will be referred to later.
Lowne’s monograph (1895) on the Blow-fly (Calliphora
erythrocephala), which is an elaboration of his previous
memoir (1870) is the only complete account which has been
published on Muscid anatomy. The result of my study of
the anatomy of M. domestica, which was begun in 1905,
and is being continued in the Zoological Laboratories of the
Manchester University, has been to make it apparent that
much of Lowne’s work needs confirmation.

Musca domestica was first deseribed by Linnzeus (1758),
his description is as follows :—

“ Antennis plumatis pilosa nigra, thorace lineis 5 obsoletis
abdomine nitidulo tessellato: minor. Habitat in Europe
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lower part of the face silky yellow, shot with blackish brown.
Median stripe velvety black. Antenne brown. Palpi black.
Legs blackish brown. Wings tinged with pale grey with
yellowish base. The female has a broad velvety black, often
reddishly shimmering frontal stripe, which is not broader at
the anterior end than the bases of the antenns, but becomes
so very much broader above that the light dustiness of the
sides is entirely obliterated. The abdomen gradually be-
coming darker. The shimmering areas on the separate
segments generally brownish, All the other parts are the
same as in the male.”

The mature insects measure from 6-7 mm. in length and
18-15 mm. across the wings. Flies which have been starved
duaring the larval stage or subjected to adverse conditions are
generally smaller in size.

I1I. MeTHODS.

All the details of the anatomy which are about to be
described have been studied by means of dissections. The
dissections were made on both fresh and preserved material
under a Ziess’ binocular dissecting microscope with magnifi-
cations varying from 25-65 diameters. Serial sections have
been made to confirm the dissections and to study the histo-
logical details.

Perfect series of sections of the whole fly were hard to
obtain on account of the somewhat brittle nature of the in-
ternal chitinous structures. These internal chitinous skeletal
elements cansed the greatest trouble as they were apt to
damage the internal anatomy. Celloidin sections were not a
great improvement on those cut in paraflin. The best results
were obtained by fixing the flies from 12-24 hours in
Henning’s solution, which is—Nitric acid 16 parts, chromic
acid (*5 per cent.) 16 parts, corrosive sublimate saturated in
60 per cent. alecohol 24 parts, picric acid saturated in water
12 parts, and absolute alcohol 42 parts, washing out with
iodine alcohol. This not only fixes, but to a certain extent,
though not completely, softens the chitin. They should not
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composition of the head capsule will be described from
behind forwards. The occipital foramen occcupies a median
slightly ventral position on the posterior surface. It is
surrounded by the oceipital ring, the inner margin of which
projects into the cavity of the head. From the sides of the
inner margin of the occipital ring two short chitinous bars
bend inwards and approach each other internally, forming a
support—the jugum for the tentorial membrane. On each side
of the oceipital ring below the jugum a small cavity occurs
into which a corresponding process from the prothorax fits,
forming a support for the head.

The oceipital ring is surrounded by the four plates, which
make up the sides and back of the head capsule. On the
ventral side, between the occipital ring and the aperture
from which the proboescis depends, a median basal plate, the
gulo-mental plate, represents the fused gula and basal por-
tions of the greatly modified second maxillee. The oceipital
segment is bounded laterally by the genw (Lowne’s para-
cephala) and dorsally by the epicranium. These parts have
been divided by systematists into so many regions that a
somewhat detailed description will be necessary to make
their boundaries clear.

The gen® bear the large compound eyes which occupy
almost the whole of the antero-lateral regions of the head.
On the posterior flattened surface of the head the genam are
flat, and extend from the gulo-mental plate to the epicranial
plate, the sutures of the latter being vertical. On the dorsal
side each sends a narrow strip between the inner margin of
the eye and the epicranium; this strip surrounds the eye
and meets the ventral portion of the gena ; it is of a silver to
golden metallic lustre. On the ventral side below the eye
each gena bounds the proboscis aperture laterally ; a number
of stout bristles arise from this wargin and also from its
antero-lateral region, which is often spoken of as the “ jowl.”
In the anterior region, where the genm are in contact with

the clypens, there are two prominent ridges bearing strong
get® ; these are usually known as the ¢ facialia.”
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The Skeleton of the Proboscis.—The proboscis of
M. domestica is very similar to that of the blowfly, which
has been described by Kraepelin (1880) and Lowne (1895),
though the results of these authors differ in many details.
My study of M. domestica confirms Kraepelin’s results, and
as Lowne’s is the only complete account of the muscid head
a full description of its internal and external anatomy will
be given in this paper.

Lowne regards the greater part of the proboscis as being
developed from the first maxillee and not from the labinm
or fused second maxillee, which is the usuvally accepted view
and one which I support on morphological grounds. On
account of his exceptional conclusion he refuted the com-
monly accepted terms for the various parts and invented
new ones. It will be necessary for the sake of descriptive
clearness to refrain from constant reference to these or any
discussion as to their value,

The proboscis consists of two parts, a proximal mem-
branous conical portion—the rostrum and a distal half the
proboseis proper which bears the oral lobes. The term
haustellum is also used for this distal half (minus the oral
lobes), and as a name it is probably more convenient, as the
term proboscis is used for the whole strueture—rostrum,
haustellum, and oral lobes.

The rostrum (fig. 18, Roes.) is attached to the edges of
the proboscis aperture, that is to the epistominm, genwe, and
the gulo-mental plate. It has the shape of a truncated cone,
and bears on the anterior side a pair of palps, which bear
sensory setae of two sizes.

The haustellam (fig. 13, H.), or probosecis proper, is
attached to the distal end of the rostrum. The posterior
side 1s formed by a convex, somewhat heart-shaped sclerite
—the theca (figs. 1 and 3, th.) which probably represents
a portion of the labinm. The lower angle of the theca
is incised by a semicircular sinus. By means of this the
theca rests on a triradiate chitinous sclerite—the furca, which
consists of a median, slightly convex rod (fig. 1, f.), from the
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The discal sclerites (fig. 1, ds.) arve united at the posterior
end to form, when the oral lobes are expanded, a U-shaped
structure, with the limbs constricted in the middle where the
ends of the thickened margins of the labium-hypopharynx
articulate. They are sunk in deeply between the two oral
lobes at the base of the oral pit with the free ends of the U
anterior, these being spatulate and curved anteriorly.

The two oral lobes are normally connected by a bead and
groove attachment along their anterior edges, but under
pressure the connection is severed, and the oral disc presents
a heart-shaped instead of the normal oval appearance. The
oral lobes are covered on their upper aboral surfaces by
sensory set@, the large marginal setee being different in
structure from the rest. On the lower or oral surface a large
number of channels, the psendotrachese (fig. 1, ps.) run from
the internal margins of the oral lobes to the external borders.
The channels of the psendotraches are kept open when the
lobes are extended by means of small incomplete ehitinous
rings, which give the channels a tracheal appearance, hence
their name. Kach of these incomplete rings has one end
bifid, and as the bifid ends alternate the opening into the
channel has a zigzag appearance. The number of psendo-
traches on each lobe is generally thirty-six, and they are
grouped in three sets. The anterior set of twelve all run
into a single large pseudotracheal channel running along the
anterior inner margin of the lobe, and a posterior set of
twenty-one all run into a channel running along the posterior
inner margin ; between these two sets three pseudotrachem
run direct into the oral aperture. The oral aperture lies at
the base of the small oral pit, which is a space kept open
between the oral lobes by means of the discal sclerites. The
psendotraches do not extend as far as the discal sclerites,
but on entering the oral pit the rings cease and the sides of
the channels are covered by overlapping teeth, which extend
back to the discal sclerites. Between the psendotrachem the
membranons surface of each oral lobe is thrown into two
longitudinal sinuous ridges, and projecting up from the

VOL. 51, PART 3,—NEW SERIES. 31
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mesothorax. The prothorax and metathorax compose very
small portions on the anterior and posterior faces respec-
tively. Seen from above the thorax is oviform with the
blunt end anterior and slightly flattened. Three transverse
sutures on the dorsal side mark the limits of the preseutum,
seutum, and scutellum of the mesothoracic segment; the
mesothoracic scutellum forms the pointed posterior end, and
slightly overhangs the anterior end of the abdomen.

The Prothorax.—The prothoracic segment has been
reduced to such an extent that it is hopeless to attempt to
homologise all the separate sclerites with those of a typical
thoracic segment. 'T'o obtain a complete view of the pro-
thorax it is necessary to examine it from the anterior end
after the removal of the head. The following sclerites can
then be recognised. The prosternum is a median ventral
plate, quadrilateral in shape having the anterior end rounded
and broader than the posterior end. It does not occupy the
whole of the prosternal area, but is bounded by the prosternal
membrane. Internally a ridge runs to the posterior end of
the prosternum and bifurcates, each ridge running to the
posterior corners, to which two strong processes (the hypo-
tremata of Lowne) are attached. In front of the prosternum
there is a small saddle-shaped sclerite which, on account of
its position, may be called the interclavicle (the sella of Lowne).
Two lobes at its anterior end are covered with small pro-
cesses, probably sensory in function. A pair of small sclerites
is situated 1n front of these lobes; these sclerites with the
interclavicle no doubt belong to the prosternum. The inter-
clavicle is ventral to the cephalothoracic foramen. The
jugulares (3me jugulaires of Kunckel d’Herculais) are two
prominent pocket-shaped sclerites lying one on each side of
the cephalothoracic foramen, and having their convex faces
external. Lying immediately below each of the jugulares is
a small rod-like sclerite—the clavicle. The dorsal region of
the prothorax the pronotum (fig. 6 pr.m.) is formed by two
sclerites united in the median line, their dorsal sides being
curved. From the ventral side of the pronotum a pair of
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the scutellum. From the lateral region of the scutum a pro-
cess projects forwards and downwards, and articulates with
the posterior portion of the wing-base (the metapterygium).
The scutellum (sctl.) is a triangular pocket-shaped sclerite
which overhangs the postseutellam and the base of the abdo-
men. The posterior surface of the thorax is chiefly composed
of the large postscutellum. This is made up of three pieces,
a median escutcheon-shaped plate (mpse.) strongly convex to
the exterior, and two convex lateral plates (Ip.sc.). The lateral
plates are bounded below by the metasternum and spiracles,
and anteriorly by the pleural region of the mesothorax.

The mesosternum is a sclerite of considerable size and forms
the keel of the thorax. It consists of a median ventral por-
tion (ms.) which is produced laterally to form two large
lateral plates (Ip.). The median portion is bounded in front
by the prosternum and the foramina of the anterior coxm, and
behind by the median coxal foramina. A short distance
behind the anterior end a depression in the mid-ventral line
extending to the posterior edge indicates a median inflection
forming the entothorax. The lateral regions of the posterior
margins of the mesosternum are inflected on each side to form
the entopleura. The lateral plates of the mesosternum form
the whole of the anterior portion of the pleural region ; each
is bounded in front by the humerus, spiracle, and prothoracic
episternum, and above by the dorso-pleural membrane, and
behind by the mesopleural membrane. The ventral side of
the lateral plate is continuous in front with the median plate
of the mesosternum, and behind is united by means of a
suture. The remaining portion of the mesopleural region is
made up of the episternum, epimeron, and two small sclerites
connected with the wing-base—the parapteron and costa.
The episternum (eps.”) is sitnated behind the mesopleural
membrane and below the alar membrane, below and behind
it is bounded by the epimeron. Its surfaceis marked by two
convexities, the ampulla, the upper of the two corresponding
to Lowne’s great ampulla of the blowfly. The dorsal side of
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the metasternum. The posterior end of the metafurca bends
downwards and articulates with the posterior coxa on each
side. The metafurca serves for the attachment of the thoraco-
abdominal museles. The pleural region of the metathorax is
a narrow triangular space situated behind the lateral portion
of the metasternum and the posterior coxee. It is composed
of a narrow triangular episternum and epimeron. The former
(eps.””)is bounded in front by the metasternum, the posterior
thoracic spiracle and the base of the haltere, below by the
posterior coxal foramen, and behind by the epimeron. The
epimeron (ep.”) isalso bounded below by the coxal foramen and
behind by the narrow dorsal arch of the metathorax and the
first abdominal segment, its apex comes in contact with the
base of the haltere. The dorsal region of the metathorax has
practically disappeared, all that can be recognised as meta-
notum is a narrow chitinous strip (mmn.) on each side between
the apex of the metapleural area and the dorsal edge of the
first abdominal area.

Wings.—The wings are situated at the sides of the
scutum on the alar membrane, to which are attached the
sclerites of the wing base. They are covered with very fine
hairs.

In describing the neuration of the wings the nomenclature
proposed by Comstock and Needham (1898) for the wings of
the whole group of insects will be employed.

The nervures of the wing are ocreacous. The anterior
edge of the wing (fig. 16) is formed by a stout nervure, the
costa (Cy.), which is very setose. The second longitudinal
nervure, the subcostal (Sey.), joins the costal about half way
along its length. A small transverse nervure, the humeral (h.),
divides the costal cellinto costal (C.) and first costal (1 C.) cells.
The next main nervure—the radial—divides into a number
of branches (in the typical insect five); some of these have
coalesced in the fly. A nervure joining the costal just past
the middle is the first radial (R,.) cutting off the subcostal
cell. The next nervure, which joins the costal on the apical
curve, represents the fused second and third radial nervures
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sists of apparently four segments in the male and female, in
reality there are five as the first segment has become very
much reduced, and has fused with the second abdominal seg-
ment forming the anterior face of the base of the abdomen
(see fig. 8). The segments succeeding the fifth are greatly
reduced in the male, and in the female they form the tubular
ovipositor which, in repose, is telescoped within the abdomen.
The second, third, fourth, and fifth abdominal segments are
well developed, and consist of a large tergal plate, which
extends laterally to the ventral side. The sternal plates are
much reduced, and form a series of narrow plates lying on
the ventral membrane along the mid-ventral line. The
spiracles are situated on the lateral margins of the tergal
plates. The sclevites of the abdomen which are exposed are
strongly setose, especially the fourth and fifth dorsal plates,
but they do not bear macrochabz.

IV. INTERNAL STRUCTURE.
1, The Muscular System.

The muscular system of the fly is similar to that of
Volucella, described by Kunckel d’Herculais (1881), and of
the Blow-fly, described by Lowne and Hammond, and conse-
quently they will be but briefly described. The muscles may
be divided into the following groups: 1. Cephalic, 2. Thoracie,
3. Segmental, 4. Those controlling the thoracic appendages,
and 5. Special muscles,

1. The cephalic muscles will be considered in the detailed
description of the head.

2. The thoracic muscles are enormously developed and
almost fill the thoracic cavity. They are arranged in two
series. The dorsales (figs. 13 and 15, do.) ave six pairs of
muscle-bands on each side the median line, attached posteriorly
to the postscutellum and mesophragma, and anteriorly to
the prescutum and anterior region of the scutum. The
sternodorsales (st.do.) are vertical and external to the dorsales
and are arranged in three bundles on each side. The first
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united by a single median ventral cord running from the
EE]}EEEUP]IEEEH-I gﬂ.ngﬁﬂ, to the anterior end of the thoracic
nerve-centre.

The cephalic ganglion consists of the supracesophageal
ganglion and the subecesophageal ganglia so closely united
that the commissural character of the circumcesophageal con-
nectives is quite lost. Hxternally, on the dorsal side of the
brain three longitudinal fissures can be seen, a median fissure
and two lateral fissures marking the origin of the optic lobes.

The supracesophageal ganglia. The characters of the ganglia
composing the brain are hidden by the sheath of cortical
cells which fills up the spaces between the ganglia, the
characters of these can be ascertained by the serial sections.
The median mass the procerebrum is formed by the fusion of
the procerebral lobes. These are united before and behind,
and enclose a central ganglionic mass—the central body.
Behind the procerebrum two pairs of fungiform bodies arise.
On the anterior face of the procerebram the antennal or olfac-
tory lobes which represent the deutocerebrum are sitnated
laterally. Each sends a nerve (figs. 1 and 11, an.n.) to the an-
tenna. Above these and on the dorsal side are a pair of lobes
—the frontal lobes contiguous with each other in the median
line—these belong morphologically to the tritocerebrum,
Posterior to these in the median dorsal line of the cerebrum
a single median nerve, the ocellar nerve (figs. 1 and 11,
oc.a.), arises ; this runs vertically to the ocelli. A pair of
lobes which correspond to Lowne’s thalami of the blowfly are
situated external to and between the frontal and antennal
lobes. The peduncles of the optic lobes have their origins
from the sides of the procerebrum. Each optic peduncle (fig.
11, 0.P.) contains three ganglionic masses which Hickson
(1885) has termed from the brain peripherally the opticon,
epiopticon, and periopticon (fig. 1, P.0.) respectively.

The subeesophageal ganglia (fig. 1, S.0.). The commissures
uniting the supramsophageal ganglia to the csophageal
mass cannot be recognised as such, owing to the extreme
state of cephalisation of the cephalic ganglia. They are
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longitudinal band of nerve tissue, which runs dorsal to them,
and behind the metathoracic ganglia swells ont into a gang-
lionic mass (4.G.), which represents the abdominal ganglia,
In this median dorsal band there is a median dorsal fissure
stretching posteriorly from above the middle of the meso-
thoracic ganglia. The dorsal regions of the mesothoracic
and metathoracie ganglia show ganglionie swellings. From
the antero-dorsal sides of the prothoraciec ganglia a pair of
prothoracic dorsal nerves (pr.d.) arise and supply the muscles
of that region, including those of the anterior thoracic
spiracle. The nerves supplying the mesothoracic legs
(ms.cr.) arise from the postero-ventral sides of the meso-
thoracie ganglia. Between the mesothoracie ganglia there
is a median ganglionic mass, situated slightly dorsal, from
the middle region of which the nerve-fibres of the large pair
of dorsal mesothoracic nerves (m.s.d.) arise; Lowne, in the
blowfly, calls these prothoracic. The roots of these nerves
are broad dorsoventrally. These nerves innervate the
sterno-dorsales muscles of the middle region. 1In this
median mesothoracic nerve centre, posterior to the origin of
the dorsal mesothoracic nerves, the fibres of a pair of nerves,
the accessory dorsal mesothoracic nerves (ac.ms.), have their
origin; these appear externally to arise dorsal to the roots of
the mesothoracic ernral nerves. The dorsal metathoracic
nerves (mt.d.), which innervate the halteres, and are the
largest pair of thoracic nerves, have their origin from the
median dorsal band in front of the metathoracic ganglia, so
that they appear to be almost mesothoracic in origin. The
metathoracic crural nerves (mf.cr.) arise from the posterior-
ventral sides of the metathoracic ganglia. Posterior to these
a pair of slender nerves, the accessory dorsal metathoracic
nerves, have their origin, and innervate the muscles at the
posterior end of the thorax.

The dorsal band becomes much thinner posterior to the
abdominal ganglion, and runs into the abdomen as a median
abdominal nerve (ab.n.). In the thorax two pairs of abdo-
minal nerves arise. In the abdomen the abdominal nerves
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antero-ventral region of the abdomen. Its walls exhibit
muscular (unstriped) fibres; the flat epithelial cells have a
very thin cuticle.

The proventriculus (Pv.) is ecireular and flattened dorso-
veutrally. Its structure will be understood by reference to
fig. 20. In the middle of the veutral side it opens into the
esophagus, and on the dorsal side the outer wall is continued
as the wall of the ventrieulus (Ven.). The interior is almost
filled up by a thick cirenlar plug (Pv.p.), the cells of which
have a fibrillar structure, and it is pierced through the
centre by the msophagus. The neck of the plug is sur-
rounded by a ring of elongate cells, external to which the
wall of the proventriculus begins, and, enclosing the plug at
the sides and above, it merges into the wall of the ventriculus.
I do not agree with Lowne in regarding the proventrieulus
as “a gizzard and nothing more,” but its strocture suggests
a pumping function and also that of a valve. On the dorsal
side of the mesophagus, at its junction with the proventriculus,
a small ganglion, the proventricular ganglion (Puv.g.), lies,
communieating by a fine nerve with the cephalic ganglion.

The ventriculus, or chyle stomach (figs. 17, 20, Ven.),
represents the anterior region of the mesenteron, the posterior
region of the latter being formed by the proximal intestine.
It is narrow in front, and widest in the posterior region of
the thorax, where it again narrows in passing through the
thoraco-abdominal foramen into the abdomen to become the
proximal intestine. KExcept in the anterior and posterior
regions, where colamnar cells compose the digestive epi-
thelinm, the walls of the ventriculus are thrown into a
number of transverse folds, which are again subdivided
longitudinally, the result being the formation of small erypts
or sacculi, which are lined by large cells. These sacculi
correspond to the digestive cceca of other insects.

The proximal intestine (figs. 17, 21, p.ant.) is the
longest region of the gut. It varies in length considerably.
In the normal-sized condition its course is as follows:—
Beginning at the anterior end of the abdomen it runs dor-
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tubular type. They are of uniform width throughout their
whole length, except the slightly swollen blind termination.
These blind ends lie one on each side of the ventral and
posterior region of the abdomen, generally embedded in the
fat-body. They take a sinuous course forwards throngh the
abdomen into the thorax, where they run alongside the ven-
triculus. At the sides of the proventriculus they are thrown
into several folds, which appear to be quite constant in cha-
racter. They pass forwards at the sides of the cesophagus
and on entering the cervical region the ducts lose their
glandular character, and assume a spiral thickening ; before
leaving the cervical region the two ducts unite below the
@sophagus, and the single median duct enters the head ven-
tral to the cephalothoracie nerve cord, and runs direct to the
proximal end of the hypopharynx, at the end of which it
opens. A short distance before entering the hypopharynx
the salivary duct (fig. 1, sal.d.) is provided with a small
valve controlled by a pair of fine muscles (s.m.), which
serves to regulate the flow of the salivary secretion, The
glands are composed of glandular cells (fig. 22), which are
convex externally, and have a fibrillar appearance in section.
No vacuoles have been found in the cells.

The Malpighian Tubes.—A pair of malpighian tubes
(fig. 21, malp.) arises at the point of junction of the proximal
and distal intestines, that is, where the mesenteron joins the
proctodeeum. Each malpighian tube shortly divides at an
angle of 180° into two malpighian tubules. The malpighian
tubules are very long and convoluted, and intimately bound
up with the diffuse fat-body, so that it is a matter of consider-
able difficulty to dissect them out entire. They have a
moniliform appearance and are of uniform width throughout ;
never more than two cells can be seen in section. They are
generally yellowish in colour. As in most insects they are
undoubtedly of an excretory nature, as the contents of the
cells and tubules show. Lowne’s view that, in the blowfly,
they are of the nature of a hepato-pancreas is untenable
morphologically and physiologically.
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The Rectal Glands.—The four rectal glands (rect.gl.)
are arranged in two pairs, two on each side of the rectal
cavity. Hach rectal gland (fig. 25) has a conical or pyriform
apex with a swollen eircular base. It is composed of a single
layer of large columnar cells (r.gl.), the papilla being hollow,
with the cavity in communication with the general body
cavity. It is covered externally by a perforate chitinons
sheath (sh.), which is continuous with the intima of the rectum.
A number of trachee (¢r.) enter the cavity of each gland, and
fine trachese may be seen penetrating the wall. The cavity
of the gland 1s filled with a loose tissue of branching cells.
As the gland is capable of pulsation there is no doubt a
constant interchange of blood between the cavity of the gland
and the body cavity (which is a heemocwl). By this means
waste products may be extracted from the blood by the
large gland cells and exereted into the rectum throngh the
pores on the external sheath of the gland. The rich supply
of trachese probably assists the cells in the process of excre-
tion, as we find the trachee very numerous, and intimately
connected with the malpighian tubules.

4. The Respiratory System.

The respiratory or tracheal system is developed to a very
great extent in the fly and occupies more space than any
other anatomical structure. Only by dissection of the freshly-
killed insect can one obtfain a true conception of its impor-
tance. It consists of tracheal sacs of varying size having
extremely thin walls and trachese which may arise from the
sacs, or, in the case of the abdominal tracheee, independently
from the spiracles.

The Anterior Thoracic Spiracles (figs.6 and 13, a.th.).
—FBach is alarge vertical opening behind the humeral sclerite
and above the anterior legs. It is surrounded by a chitinous
ring, the peritreme and the opening is guarded by a number
of dendritic processes which prevent the entrance of dust
and other foreign bodies. It leads into a shallow chamber or
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vestibule which communicates with the rest of the spiracular
system through a valvular aperture.

The anterior thoracic spiracles supply the whole of the
head, the anterior and median regions of the thorax, the
three pairs of legs, and by means of the abdominal air-sacs
a large part of the viscera.

Internal to the valve the tracheal system divides. The
tracheal sacs springing from the posterior side are as follows :
Ventrally a rather narrow tracheal duct leads into a sac—
the anterior ventral thoracie sac (fig. 13, a.v.s.) situated at
the side of the thoracic ganglion which it supplies. Above
the origin of this another tracheal duct leads to a vertical sac
supplying the anterior sterno-dorsales muscles. Dorsally
the ducts of two saes take their origin ; the smaller and more
dorsal is a flat sac closely appesed to the anterior ends of the
dorsales muscles (do.) which it supplies ; the more ventral of
the two is one of the two most important branches of the
anterior thoracic spiracle (the other being the branch
supplying the head). In the thorax it takes the form of an
elongated =ac lying below the dorsales muscles, and by side
of the alimentary canal. From the dorsal side of this the
longitudinal thoracic sac (l.fr.s.) a number of branches arise
which supply the lower dorsales muscles. It is constricted
about the middle of its length and anterior to the constric-
tion; a branch is given off which supplies the ventral portion
of the median sterno-dorsales musecles. In the posterior
region of the thorax another ventral branch is given off from
which branches arise, one supplying the ventral portions of
the posterior sterno-dorsales muscles, the other opening into
the posterior ventral thoracic sac (p.v.s), which supplies the
intermediate and posterior legs. The longitudinal thoracie
sac then narrows, and passes through the thoraco-abdominal
opening into the abdomen. In the adomen it immediately
dilates to form one of the large abdominal air-sacs (a.b.s.).
The pair of abdominal air sacs in some cases occupy about
half the total space of the abdomen. When the fat-body is
not greatly developed they occupy almost the whole of the
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ganglia, communicates with two tracheal sacs. An internal
duct leads into a large spherical sac, the anterior cephalic
sac (a.c.s.) situated in the anterior region of the head dorsal
to the fulerum. From the dorsal side of this sac a branch
is given off which supplies the antenna of its side; the ven-
tral side is continued down the fulerum as a narrow tracheal
sac, The lateral portion of the tentorial tracheal duct opens
into the ventro-lateral cephalic sac (v.c.s.) situated posterior
to the optic ganglion. The lower end of this sac gradually
narrows as it enters the rostrum which it traverses, giving
off half-way along its length a trachea which supplies the
palp of that side. On reaching the haustellum it takes the
form of a trachea proper, having annunlar thickenings.
Shortly after entering the haustellum it gives off two branches
to the muscles of this region. The main trachea is continued
into the oral lobe of its side where it divides into anterior
and posterior branches, and these again divide into numerous
small trache® running to the edges of the oral lobes. Lowne,
in his deseription of the tracheal system of the blowily,
describes and figures the tracheal supply of the proboscis as
being of the nature of tracheal sacs and capable of distension;
he also describes a trefoil-shaped tracheal sac at the base of
the oral lobes giving off very regular branches, the dilation
of which causes the inflation and tension of the oral lobes.
The mechanism of the proboseis will be discussed later (p. (45)
439), but it may be noticed here that in M. domestica
there is no trace of a trefoil-shaped sac at the base of the
oral lobes, and that all the tracheal structures of this the
haustellum region are definite annular traches, and there-
fore incapable of distension.

The posterior thoracic spiracle (figs. 6 and 15, p.th.)
is triangular in shape and goarded by dendvitic processes.
It possesses a vestibule which leads into a distributing tracheal
sac. The tracheal sacs of this system (fig. 15) have not the
extended range of those supplied by the anterior thoracic
spiracle, but are confined to the thorax, chiefly in the median
and posterior regions which are not mrated to any great
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5. The Vascular System and Body-cavity.

By the great development of the tracheal sacs in the head,
the muscles in the thorax, and the fat-body and air sacs in
the abdomen, the hemocelic space in the fly is greatly
reduced. The blood is colourless, and is crowded with cor-
puscles, mostly containing substances of a fatty nature.

The fat-body varies greatly in the extent of its develop-
ment. In some cases it may almost fill the body-cavity,
pushing the intestine back into a postero-dorsal position:
this is generally the case in flies before hibernating; in other
cases it may be only moderately developed. The fat-body
receives a very rich tracheal supply, and stores the products
of digestion which are conveyed to it by the blood with which
it is bathed. It consists chiefly of very large cells, both
uninucleate and multinucleate ; the fat-cells of the head are
not so large.

The dorsal vessel or heart lies in the pericardial chamber,
immediately beneath the dorsal surface. It extends from the
posterior end to the anterior end of the abdomen, and four
large chambers, corresponding to the four visible segments,
and a small anterior chamber can be recognised; the last
represents the chamber of the first abdominal segment. The
chambers are not separated by septa, but each has a pair of
dorso-lateral ostia situated at its posterior end where the alar
muscles of the pericardium arise. The walls of the heart are
composed of large cells. The pericardinm contains fat-cells
and trachem, and its floor is composed of large cells of a
special nature, The alar muscles run laterally in the floor of
the pericardium to the sides of the dorsal plates where they
are inserted. The anterior end of the heart is continued as a
narrow tube (fig. 20, d.a.) along the dorsal side of the ven-
triculus, where it terminates in a mass of cells (Lg.), which
are usually considered to be of a lymphatic nature.
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There is a single pair of accessory glands (ac.g.), which are
fairly long, and on nearing the vagina they become narrower
to form a slender duct, which opens on the dorsal side of the
vagina immediately behind the ducts of the spermathecz.
The accessory glands are closely united with the fat-body.
They probably secrete the adhesive fluid which covers the
eggs when they are laid, and causes them to adhere to each
other and to the material upon which they are deposited.
Behind the accessory glands there is a pair of thin-walled
transparent vesicles (tasche dell’ ovidutto of Berlese),
which I propese to name the accessory copulatory vesicles
(a.cv.) on account of the part they take in ensuring firm
coitus with the male during copulation, during which process
they expand to a much greater extent.

The ovipositor (fig. 8). The terminal abdominal segments
of the female are much reduced to form a tubular ovipositor,
the chitinous selerites being reduced to form slender chitinous
rods. When extended it equals the abdomen in length. 1t
is composed of segments vi, vii, viil, and ix, each being sepa-
rated from the adjacent segments by an extensible inter-
segmental membrane, which is covered with fine spines.
When the ovipositor is retracted (fig. 25, ovp.) it lies in the
interior of the posterior end of the abdomen, the segments
being telescoped the ome within the other, so that only the
terminal tubercles are visible from the exterior. The dorsal
arch of the sixth abdominal segment is reduced to a A-shaped
sclerite (vi, d.), lying on the dorsal side of the segment.
The ventral arch of this segment is reduced to a slender
chitinous rod (vi, v.) in the mid-ventral line. The dorsal
arch of the seventh segment is represented by two slightly-
curved sclerites (vii, d.), with their concave faces opposite ;
the ventral arch (wii, v.) is similar to that of the sixth
segment. At the junction of the posterior ends of the
sixth and seventh segments with the inter-segmental mem-
branes succeeding them there are several setose tubercles
arranged more or less in pairs, but they vary in development
in different individuals. The dorsal arch of the eighth
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This sclerite is, no dounbt, of great assistance in propelling
the seminal fluid along the ejaculatory duct during copula-
tion. A short distance behind the ejaculatory sac the duct
opens into the peunis.

The Male Gonapophyses.—The extremity of the
abdomen in the male (fig. 10) has undergone considerable
modification in the formation of the external genitalia. The
visible portion of the abdomen, as seen from above, consists
of the first five abdominal segments; the remaining three
segments are slightly withdrawn into the fifth segment, and,
on looking at the abdomen from the posterior end, only the
terminal segment, the eighth, surrounding the anus, can be
seen. The sixth and seventh segments have been greatly
reduced. The sternal portion of the fifth segment consists
of a cordiform sclerite (V.v.), the apex of which is directed
forwards, and each of the lateral margins of the base is
produced to form a short process, swollen at the tip—these
lateral processes form the primary forceps (p.f.), and lie at
each side of the aperture of the male genital atrium (g.a.), of
which the posterior edge of the sclerite forms the lower or
anterior lip. The dorsal plates of the sixth and seventh
segments lie on the membrane, which is tucked underneath
the posterior edge of the fourth abdominal segment. The
dorsal plate of the sixth segment (vi, d4.) is a narrow, trans-
verse sclerite ; its lateral edges, which do not extend down
the sides, are slightly produced anteriorly. The ventral
plate of the sixth segment (vi, v.) is asymmetrical, and, with
the dorsal plate of the seventh segment, produces a pro-
nounced asymmetry of the posterior end of the male abdo-
men. It consists of a spatulate plate on the left side, the
anterior or ventral side of which is produced into a narrow
bar extending across the ventral side of the aperture of the
genital atrinm, its distal extremity bifurcating. The dorsal
plate of the seventh segment (vii, d.) is asymmetrical. It
consists of a narrow sclerite, which, on the dorsal side, is
similar to the sixth dorsal plate, but the left side (see fig. 5)
extends down the side, and broadens out into a somewhat
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The penis (figs. 7 and 9) lies internally on the ventral side
of the abdomen, dorsal to the ventral arches of the fifth and
seventh segments. It is composed of several sclerites. A
median sclerite (¢.pe.), the anterior and ventral edge of which
is roughly semicircular in outline, forms the body of the
penis. This is produced laterally to form two alar processes ;
at the bases of these processes the lateral extremities of the
dorsal arch of the eighth segment articulate with the body of
the penis; the extremities of the processes are attached to
the lateral extremities of the ventral sclerites of the seventh
segment, the secondary forceps, 'I'he penis proper consists
of a hollow eylindrical tube, the theca, which receives the
ejaculatory duct. The theca articulates with the body of the
penis by means of a pair of small chitinous nodules (*cor-
netti’” of Berlese); posterior to the attachment the theca is
constricted slightly. Below the aperture for the entrance of
the ejaculatory duct, the theca is produced into a ventrally
directed curved process, the inferior apophysis (i.ap.) ; above
the aperture a short cylindrical process, the superior apo-
physis (s.ap.), arises. The anterior end of the theca is con-
tinued as a slightly inflated hyaline structure, the glans
(p-gl.), at the curved extremity of which the ejaculatory duct
opens.

V. Tue INTERNAL STRUCTURE oF THE HEAD.

The skeletal framework and tracheal system of the head
have already been described. It remains, therefore, to give
an account of the muscalature of the head and pharynx, and
also an account of the oral lobes.

The posterior region of the head (fig. 1) not occupied by
tracheal sacs is usually filled up with small multinucleate fat-
cells (f.c.), which are also oceasionally found in the proboscis.
The frontal sac or ptilinium (Pt.) fills up the anterior portion
of the head not occupied by air-sacs. Its crescentic opening,
the lunule, has already been described. It is attached to the
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sides of the occipital foramen. They are inserted into the
base of the labral -apodeme (ap.), and serve to flex the
haustellum on to the antervior face of the rostrum.

The Extensors of the Haustellum (ex.h.).—Hach of
these museles arises from the distal cornu of the fulerum, and
is inserted into the head of the labral apodeme.

The Accessory Flexors of the Haustellum (a.f.h.)
are attached to the lower (distal) anterior margin of the ful-
erum, and inserted with the extensors into the head of the
labral apodeme.

The Flexors of the Labium-epipharynx (f.l.).—
These muscles have their origin on the anterior and upper
edge of the fulerum, and are inserted into the proximal end
of the labinm-epipharynx. The first pair of the last three
sets of muscles serve to extend the haustellum in the exten-
sion of the probosecis, and the remaining two pairs assist in
the retraction of the proboscis by flexing the haustellum on
to the rostram.

A pair of very fine muscles (s.m.) have their origin at the
base of and internal to the posterior cornna of the fulerum.
They are inserted into the dorsal side of a small valve (s.v.)
on the common salivary duct which regulates the flow of the
secretion of the lingual salivary glands.

The muscles of the haustellum are—

The Retractors of the Furea (r.fu).—A pair of
muscles having their origin on the upper part of the theeca.
Each is inserted along the upper proximal half of the lateral
process of the furca. When the muscles contract the lateral
processes of the furca, which, in a state of repose are brought
together by the elasticity of the ventral cornua of the theca,
are diverged, and thus cause the divergence and opening of
the oral lobes.

The Retractors of the Discal Sclerites (r.d.s).—
These muscles have their origin on the lateral edges of the
upper part of the theca, and are inserted upon the sides of
the discal sclerites. They work together with the retractors
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hemoceel of the oral lobes is well developed. This supports
the view set forth by Kraepelin, and with which I agree that
the inflation of the oral lobes is due to the blood. I consider
that the extension of the proboscis is due to the inflation of
the tracheal sacs of the head. The proboseis having been pro-
truded the oral lobes are then diverged by the contraction of
the retractor muscles of the furca and disecal sclerites, and dis-
tended by the inrush of blood which keeps them turgid, and
causes the openings into the pseundo-tracheal channels to
remain open.

The Labial Salivary Glands (figs. 19 and 1, Ib.sl.).—
These salivary glands lie in the haustellum at the base of the
oral lobes. The glands, which are spherical in shape, are com-
posed of a large number of gland cells somewhat triangnlar
in shape. Each gland cell is 40 u in size, and possesses a
large nuclens (12 u), and internal to this a permanent circular
vacnole (vac.), which is 16 g in size, and is lined by a thin
chitinous intima. The duct of each gland cell opens into the
side of the vacuole (od.). The ducts (ie.d.) are intracellular,
and run from the centre of the gland, some of them uniting,
to form a number of fine ducts on the ventral sides of the discal
sclerites, which unite and open into the oral pits by a median
pair of pores. Kraepelin, in his description of the proboseis
of the blowfly, described the labial glands and their ducts
(but not their histology) of that insect, his description being
similar to the condition I find in M. domestica. Lowne,
however, states that in the blowfly he traced the ducts of the
gland cells through the oral lobes to the apertures of the
gustatory papillee, which he regarded therefore as the aper-
tures of the labial salivary glands.

The secretion of the labial salivary gland serves to keep
the surface of the oral lobes moist.

VI. Summary.

1. The exoskeleton of the head capsule and of the pharynx
18 deseribed in detail ; the relations of the parts in the terms
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Malpighian tubes are described ; the function of the rectal
glands is believed to'be of an excretory nature.

7. As the tracheal systems of the Diptera have not received
much attention a detailed account of the tracheal system is
given. There are two thoracic spiracles, the first of which
supplies the whole of the head, the anterior and median
regions of the thorax and the three pairs of legs, and by
means of a pair of large abdominal air-sacs a large part of
the viscera. The posterior thoracic spiracle supplies the
muscles of the median and posterior region of the thorax,
especially the large dorsales muscles. There are seven pairs
of abdominal spiracles in the male and five pairs in the female
all of which ave connected with traches only.

8. The dorsal vessel or heart is found to consist of five in-
complete chambers, each with a pair of ostia. The anterior
end is continued forwards along the dorsal side of the ventri-
culus, and terminates in a glandular mass in the anterior
margin of the proventriculus.

9. The reproductive organs of the male are simple, con-
sisting of a pair of testes, vasa deferentia, and common
ejaculatory duct; there are no accessory glands such as are
found in many other Diptera. The terminal abdominal
segments of the male exhibit a sinistral asymmetry.

The ovaries of the female, when mature, occupy the
greater portion of the abdominal cavity. There are a pair
of accessory glands (probably of a “gum” or “glue”
nature), three spermatheces, and a pair of vesicles used
during copulation. The ovipositor is about as long as the
abdomen, and is composed of segments six to nine.

10. The museculature of the head is deseribed in detail, and
it is found that the House-fly agrees with the blowfly in the
number and relations of its cephalic musecles, thongh in a few
cases the attachments are slightly different. In the haus-
tellnm and oral lobes of the House-fly no tracheal sacs similar
to those described and figured by Lowne for the blowfly
occur, but only annulated trachesm are found, and, as these
are incapable of distension, the view that the oral lobes are
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sclerites. r./. Retractor muscle of the fulerum. r.fie. Retraclor muscle of
the furea. r.k. Retractor muscle of haustellum. r.r, Retractor muscle of
rostrum. 8.0, Sub-wsophageal ganglion. sal.d. Common duct of the lin-
gual salivary glands. s.o. Valve of the common salivary duct. a.m. Muscle
controlling the valve of salivary duct. ¢4 Theea.

Fic. 2.—Transverse section through the lower portion of the head-capsule,
showing the muscles and tracheal sacs in this region and the fulerum in
section, (Camera lucida drawing.) _

bp. Floor of pharynx. r.p. Roof of pharynx. ¢r.s. Tracheal sac. Other
lettering as in Fig. 1.

Fi16. 3.—Transverse section through the lower half of the haustellum,
where the hypopharynx (p.) has become free from the labium. (Camera
lucida drawing.)

di.l. Dilator musecles of the labium-epipharynx. ¢r. Trachea. Other
lettering as in Fig. 1.

Fre. 4.—Posterior view of the tracheal ducts which supply the cephalic
sacs and traches.

edr. Cervical traches which fuse above the wsophagus on the posterior
side of the cephulic ganglion. [d. Lateral duct. m.d. Median dorsal duct.
¢n.d. Tentorial traclieal ducts which spread out beneath the cephalic ganglion.

F16. 5.—Lateral view of the terminal segments of the abdomen of the male
after their removal from the fifth segment.

vi, a.gp. and vii, a.5p, Sixth and seventh abdominal spiracles. Lettering as
in Fig. 10.

F16. 6.—The thorax seen from the left side. The insertions of the larger
seta are shown ; for the sake of clearness the sclerites of the wing- base are
omitted.

a.th. Anterior thoracic spiracle. ex. Costa. ep. Intermediate coxal
plates. ep', ep”. Epimera of the meso- and meta-thoracic segments. eps’,
eps”., eps”’. Episterna of the pro-, meso-, and meta-thoracic segments. Aal.
Haltere. Aw. Humerus. Ip. Lateral plate of mesosternum. [p.se. Lateral
plate of postscutellum. mph. Mesophragma. mpse. Median plate of post-
scutellum. mn. Metanotum. ms. Mesosternum. mfs. Melasternum. p.fh.
Posterior thoracic spiracle. pf. Parapterm. pra. Prouotum. prs. Pre-
scutum of mesothorax. se. Scubum, sefl. Scutellum.

Fi6. 7.—Penis seen from the right side after it has been removed from
within the terminal abdominal segments,

i.ap. Inferior apophysis. ¢h.p. Theeca of penis. p.gl. Glans, s.ap. Supe-
rior apophysis. Other lettering as in Fig. 9, ete.

Fia. 8.—Abdomen of female showing the extended ovipositor,
V, d. to ix, d. Fifth to ninth dorsal arches or plates of the abdomen. V, v.
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In this figure the left side of the thorax has been removed, together with the
wing muscles and the posterior sterno-dorsales. It must be imagined that
this fizure is superimposed on Fig. 13,

do. Dorsales. [.fhs. Lateral thoracic sac. m.v.s. Median ventral sac.
v.th. Posterior thoracic spiracle. sc.s. Seutellar sac. sf.do. Sterno-dorsales.

Fi6. 16 —Wing. The nervures are drawn slightly thicker than they
naturally are,

an. Anal lobe. al. Alula. as. Antisquama. 4. Anal cell. A,. Anpal
nervure. Cw. Cubital cell. 1 Cw. First cubital cell. ecu-a. Cubito-anal trans-
verse nervure. (). Costa, €. Costal cell. 1. First costal cell. M. Medial
cell. m.cu. Medio-cubital transverse nervure. m. Medial transverse nervure.
2 4, 2 M2, First and second second medial cells. M 1+42. Medial longitu-
dinal nervure. M3+Cv. Medio-cubital longitudinal nervure, £. Radial
cel. R1 to B445. Radial longitudinal nervures. Se. Subcostal cell.
Se,. Subcosta.’

PLATE 25,

Fig, 17.—The alimentary canal as it is seen on dissection from the dorsal
side. The malpighian tubes have been omilted, and also the distal portion of
the lingual salivary gland (s./g.) of the right side. The duet of the erop (Cr.)
is shown by the dotted line beneath the proventriculus (Pp.) and ventriculus
(Pen.).

p.inf. Proximal intestine. d.inf. Distal intestine. recf. Rectum.

F1e. 18.—Portion of a transverse section of the oral lobes, showing the two
types of gustatory sense organ, ete.

g.4. Gustatory seta. gp. Gustatory papilla. Ay. Hypodermis under which
lies a pigmented layer. p.s. Pseudo-trachea in section. s.g.p. Sensory bulb
of gustatory papilla. sp. Sensory bulb of gustatory seta. ¢r. Trachea.

Fic. 19.—Transverse section of labial salivary gland, to show the structure
of the gland cells (g.c.). (Camera lucida drawing.)

hy. Hypodermis. ic.d. Intracellular duct. p.s. Pseudo-trachea. od.
D[i:-luniug of intracellular duet into the permanent vacuole (sae.) of the gland
cell.

F16. 20.—Section through the proventriculus and the anterior end of the
ventriculus, to show the structure of the proventricular plug (Pv.p.) and the
ducts of the msophagus (@s.) and crop (d.er.). (Camera lucida drawing.)

Fie. 21.—The posierior region of the alimentary canal, to show the rectal
glands (rect.gl.) with their tracheal supply, the origin of the malpighian tubes
(malp.), and the position of the rectal valve indicated at x.

If'm. 22 —Transverse section of the lingual salivary gland, showing the
fibrillar character of the gland cells. x 220. (Camera lucida drawing.)









1. Musca. domestica 2

———

o, L

¥ ‘ | .f-‘" I 3 tll
| o

L

.,

[

_—a

o e

d

3 Homalomyia ocanicularis

C.GH. dal

BRITISH



2. Anthomyia radicum §

4_Sbm'm}};vs calecitrans @

E FLIES.






















































(87)
STRUCTURE, DEVELOPMENT, AND BIONOMLCS OF HOUSE-FLY. 497

sites and its relation to man, and certain of its allies which
frequent houses will be considered.

II. Breeping Haprrs oF M. DOMESTICA.

The development of M. domestica was first described by
Carl de Geer (1776) ; but, although he stated that it developed
in warm and humid dung, he did not give the time occupied
by the different developmental stages. He refers to the
enormous quantities of flies ocenrring from July to August.
His statement concerning their development is especially
interesting, as he appears to be the first investigator who
called attention to what I consider to be one of the mosb
important factors in the development of the fly, namely, the
process of fermentation occurring in the substance in which
development is taking place. He says (p. 76), “ Les larves
de cette espdce vivent donc dans le fumier, mais uniquement
dans celui qui est bien chand et humide, ou pour mienx
dive qui se érouve en parfaite fermentation” (the italics
are mine). Since the completion of my own investigations
on the development, all of which indicated the importance of
this factor fermentation, Newstead (l.c.) has come to the
same conclusion. The work of Keller (1790), to which
reference was made in the first part of this memoir, contains
many interesting and careful observations on the breeding
habits of the “ Stubenfliege.” He found that the eggs
hatched from twelve to twenty-four hours after deposition.
He reared the larve in decaying grain where, no doubt,
fermentation was taking place; also in small portions of
meat, slices of melon, and in old broth. His observations
are extremely interesting, and, excluding mistakes which
were due to the lack of modern apparatus, his account is still
a valuable contribution to our knowledge of the subject.
Bouche (1834) describes the larva as living in horse-manure
and fowl-dung, especially when warm. He does not give the
time occupied by the earlier developmental stages, but states
that the pupal stage lasts from 8—14 days. Packard (1874)
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anthor in a valuable study of the insect fauna of human excre-
ment (1900), describes experiments in which he was successful
in rearing M. domestica from human excrement both in the
form of loose feces and in latrines. Newstead (l.c.), in
addition to confirming some of my observations, also found
the larvee in spent hops, dirty beddings from rabbits and
guinea-pigs, bedding from piggeries, and in the rotten flock
beds and straw mattresses which, I suppose, were either in,
or from, ashpits, and fouled with excremental products,
althongh it is not stated. He appears to have overlooked
some of the work of previous investigators.

My studies of the breeding habits of M. domestica were
initiated in 1905, and were continued in 1906, when a short
account of some of the results was published (1906). The
shortest time which I then obtained for the development of
any batch of larvee was twenty days, although, taking the
shortest period obtained for each developmental stage in the
series of experiments, the development could have been com-
pleted in fifteen days under suitable conditions. In the
summer of 1907 I continued my experiments on amuch larger
scale and under better circumstances, and the following are
the results of my experiments and outdoor observations:

The larvee have been successfully reared in horse-manure,
cow-dung, fowl-dung, human excrement, both as isolated
feeces and in ashes containing or contaminated with excrement,
obtained from ashpits attached to privy middens, and such
as is sometimes tipped on to publie tips. I found that horse-
manure is preferred by the female flies for oviposition to all
other substances, and that it is in this that the great majority
of larvie are reared in nature ; manave-heaps in stable yards
sometimes swarm with the larve of M. domestica. It was
also found that the larvee will feed on paper and textile
fabries, such as woollen, cotton garments, and sacking which
are fonled with excremental products if they are kept moist
and at a suitable temperatnre. They were also reared on
decaying vegetables thrown away as kitchen refuse, and on
such froits as bananas, apricots, cherries, plums, and peaches,
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English observations for India. In England, during a period
of extremely hot weather, flies might develop in about nine
days, but such arate of development would not usunally occur,
nevertheless, as I shall show in the concluding part of this
memoir, such a contingency must be guarded against. Larve
reared in the open air in horse-manure which had an average,
but not a constant, daily temperature of 22:5° C., occupied
fourteen to twenty daysin their development according to the
air temperature.

The effect of the character of the food on which the rate of
development also depends is well shown by a comparison of
the times of the developmental periods in two of the experi-
ments where the average daily temperature was practically
the same, namely, 19-3° C. and 20-5°C. In the former experi-
ment, in which human feeces were used, the development was
completed in twenty days, and in the latter, in which bananas
were used, the development occupied twenty-seven days; the
time was rather lengthened in both cases by the fact that the
larval food was rather dry, but equally dry in both experi-
ments as they were kept together ; had more moisture been
present the times would probably have been correspondingly
shortened.

It was experimentally proved that when larvae were reared,
in batches on the same kind of food material with conditions,
as regards temperature the same, the developmental period
was longer for those larvee which were subject to dry condi-
tions than for those subject to moist conditions. In an
experiment at an average temperature of 22° C. larvee reared
on horse-manure which was kept in a rather dry condi-
tion took thirty days to complete the development, and
another batch at the same temperature, but on horse manure
which was kept moist, the development was completed in
thirteen days. Under similar conditions, with regard to tem-
perature, the rate of development is directly proportional to
the condition of the food as regards moisture. Dry conditions
not only retarded development in some of my experiments to
five and six weeks, but also tended to produce flies of sub-
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as much as six weeks, the greater time being spent in the pupal
state which was sometimes of three or four weeks duration,

In no case was I able to keep the pupw® through the winter
as I have been able to keep the pupe of Stomoxys
caleitrans and other forms.

My experiments and observations point to the fact that in
the presence of sunitable larval food, such as excremental
matter or decaying and fermenting food materials in a moist
and warm condition, the female flies would lay their eggs
and the larvee would develop if the temperature of the air
were sufficiently high for the prolonged activity of the flies,
In winter this last condition is not naturally satisfied, but
under such conditions as are found, for example, in warm
restaurants and kitchens, stables and cowsheds, female flies
may be often found during the winter. On dissecting such
flies I have found mature ova in the ovaries, and living
spermatozoa in the spermatheese, which facts support this
view, Griffith (1. c.) has succeeded in rearing batches of
eggs in November, December, and early Jannary under
artificial conditions, which further proves their ability, given
the necessary conditions as regards temperature, to breed
during the winter months. In this country M. domestica
breeds, as a rule, from June to October, and the greatest egg-
laying activity prevails in August and September. As I have
already contended, and as Griffith has shown, they may breed
at other times if the necessary conditions are present ; I have
obtained eggs from flies caught in vestaurants in December;
Keller also mentions the fact that he obtained eggs in January.
These facts may account for the rapid appearance of flies in
the early summer. It is not unlikely that the flies which
survive the winter months, which many spend in a dormant
condition if they are not fortunate enough to remain active
in a warm restaurant or stable, lay their eggs, almost
immediately on renewing their activity, in such places as
manure-heaps which are kept, as is often the case in towns,
under cover, and which are consequently warmer externally
than those in the open. In this way a large number of flies
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gence from the pupal case, and at this time they may be seen
copulating. .

1. The copulation of M. domestica appears to have
been first deseribed by Reamur (1738). It has been carefully
described recently by Berlese (1902), whose observations my
own confirm. The male may perform a few tentative opera-
tions before copulation takes place, and these have been mis-
taken for the actual act. The male alights on the back of
the female by what appears to be a carefully caleulated leap
from a short distance, and this act seems to indicate a faculty
on the part of the fly of being able to judge distance. It
then caresses the head of the female, bending down at the
same time the apical portion of the abdomen. The male fly
is, however, peculiarly passive during the operation, its influ-
ence apparently being only tactual, it is only when the female
exerts her ovipositor and inserts it into the genital atrinm of
the male that copulation can successfully take place. When
the ovipositor has been inserted into the genital atrinm of the
male, the accessory copulatory vesicles of the female become
turgid and retain the terminal segment in this position, in
which the female genital aperture is situated opposite to the
male genital aperture at the end of the penis, the latter
depending from the roof of the genital atrium. (This will be
better understood by reference to the figures of these parts
in Part I of this Memoir). The attachment of the penis to
the female genital aperture is made still firmer by the dorsal
selerites of the eighth segment of the female and the ventral
sclerites of the seventh segment, the so-called secondary for-
ceps of the male acting respectively above and below the
penis. The fifth ventral segment, or primary forceps of the
male, assist the accessory copulatory vesicles of the female in
preventing the withdrawal of the ovipositor before the sper-
matozoa have been injected into the female genital aperture,
by which way they enter the spermathece. The whole act
may be over in a few moments or they may remain in coitu
for several minutes.

The eggs are laid a few days after copulation; I found
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like apertures sitnated on a small prominence (p.sp.). There
are no anterior spiracular processes in the first larval stage.
The oval lobes are relatively large and on the internal ventral
surface of each there is a small T-shaped sclerite (fig. 13, £.s.).
These sclerites lie lateral to the falciform mandibular sclerite
(m.s.). The cephalopharyngeal skeleton of the first larval
instar is slender and, in addition to the sclerites already men-
tioned, consists of a pair of lateral pharyngeal sclerites or
plates (L.p.) deeply incised posteriorly, forming well pro-
nounced dorsal and ventral processes. The lateral plates are
connected antero-dorsally by a curved dorsal sclerite (d.p.s.).
The anterior edges of the lateral plates are produced ventrally
into a pair of slender processes (h.s.), the anterior portions of
these processes, which represent the hypostomal sclerite, are
involute and articulate with the mandibular sclerite. The
alimentary canal of the first larval instar is relatively shorter
than that of the adult, and consequently it is not so convo-
luted ; the salivary glands are proportionately large.

The first larval instar may undergo eedysis as early as
twenty hours after hatehing, but it is usually from twenty-
four to thirty-six hours that the ecdysis takes place : under
unfavourable conditions with regard to the factors governing
the development, the first larval instar sometimes lasted three
or four days. Hedysis begins anteriorly, and the larva not
only loses its skin but also the cephalopharyngeal sclerites
which are attached to the stomodaal portion of the ecdysed
chitinous integument ; the chitinous lining of the proctodeeal
portion of the alimentary tract is also shed.

The second larval stage or second instar. This
stage is provided with a pair of anterior fan-shaped spira-
calar processes similar to those of the mature larva. The
posterior spiracular orifices are shown in fig. 12. They are
slit-like apertures rather similar to those of the first instar
but larger in size. The cephalopharyngeal skeleton is thick-
ened and less slender in form than that of the first instar. It
resembles the cephalopharyngeal skeleton of the mature larva
except that the posterior sinuses of the lateral pharyngeal
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anteriorly and posteriorly, the latter moiety being the larger ;
the discarded larval tracheal system lies compressed against
the interior of the pupal case (L#r.). Communication with
the external air is formed for the mymphal'! developing
tracheal system by means of a pair of temporary pupal
spiracles, which appear as minute spine-like lateral projec-
tions between the fifth and sixth segments of the pupal case
(n.sp.). Bach of these communicates with a knob-like spira-
cular process (fig. 10, n.sp.) attached to the future pro-
thoracie spiracle of the fly. The proctodsal and stomodeeal
portions of the alimentary tract are also withdrawn, and with
the latter the cephalo-pharyngeal skeleton, which lies on its
side on the ventral side of the anterior end of the pupal case.
The histogenesis of the nymph is extremely rapid, so that
at the end of about thirty hours, in the rapidly developing
specimens, it has reached the stage of development shown in
fig. 10, in which most of the parts of the future fly can be
distingunished although they are ensheathed in a protecting
nymphal membrane. The head, which with the thorax has
been formed by the eversion of the cephalic and thoracic
imaginal discs from their sacs, is relatively large: two small
tubercles (an.) mark the bases of the antenmwm. The pro-
boseis is enclosed in a large flat sheath which at this period
appears to be distinctly divided into labral (Ibr.) and labial
(Ib.) portions. In a short time the parts of the proboscis are
seen to develop in these sheaths (fig. 11). The femoral and
tibial segments of the legs are closely adpressed and lie
within a single sheath. The wings (w) appear as sac-like
appendages, and, as the nymphal sheath of the wing does not
grow beyond a certain size, the wing develops in a slightly
convoluted fashion by means of a fold which appears in the
costal margin a short distance from the apex of the wing.
With a coustant temperature of about 35° C., or even less,
the exclusion of the imago may take place between the third
! The word * nymph* is used lere to designate that stage in the develop-

ment which begins with the appearance of the form of the future fly, and
ends when the exclusion of the imago takes lace.
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be clearly understood by reference to fig. 16. The average
length of the full-grown larva of M. domestica is 12 mm.

The question as to the number of segments which constitute
the body of the muscid larva is a debated subject. I have,
however, taken as my criterion the arrangement of the
somatic musculature. Newport (1839) considered that the
body of the larva of Musca vomitoria consisted of fourteen
segments, but if the anterior portion of the third segment,
that is, my first post-oral segment, is included, there were
fifteen, to which view he appeared to be inclined. Counting
the anterior segment or “ head ” as the first, Weismann (1863
and 1864) considers that the body is composed of twelve seg-
ments. Brauner (1883) is of the opinion that there are twelve
segments, but that the last segment is made up of two;
Lowne follows this view in his description of the blow-fly
larva and considers that there are fifteen post-oral segments.
I am unable to accept Lowne’s view. Counting the proble-
matical cephalic segment, for which I shall use Henneguy’s
(1904) term ¢ pseudo-cephalon,” as the first segment, I
believe that it is succeeded by twelve post-oral segments,
making thirteen body segments in all, which is the usunal
number for dipterous larvee as Schiner (1862) has also pointed
out. My study of the somatic museulature, as I shall show,
indicates the duplicate nature of the apparent first post-oral
segment, so that the apparent second post-oral segment (iv),
that is, the segment posterior to the anterior spiracular pro-
cesses, is really the third post-oral segment or fourth body-
segment.

The cephalic segment cannot be considered as homologous
with the remaining twelve segments, which are trne segments
of the body as shown by their musculature and innervation.
This segment (fig. 9, 1), for which Henneguy’s term ‘ pseudo-
cephalon’ is very suitable, probably represents a much reduced
and degenerate cephalic segment, its present form being best
snited to the animal’s mode of life. We may consider the
greater part of the cephalic segment of the larva as having
been permanently retracted within the head; this is shown by

VOL. 52, PART 4. 39






(78)
STRUOTURE, DEVELOPMENT, AND BIONOMICS OF HOUSE-FLY. 513

are two prominent anal lobes (fig. 5, an. I.), which are impor-
tant agents in locomotion.

The cuaticular integument is thin and rather transparent, so
that in the younger larva many of the internal organs can be
seen through it. In older larvee the fat-body assumes large
proportions and gives the larva a creamy appearance, obscur-
ing the internal organs. The cuticle (fig. 14) is composed of
an outer rather thin layer of chitin (et.), which is continuous
with the chitinous intima of the trachew, and also with the
chitinous lining of the stomod:eal and proctodwal regions of
the alimentary tract. Below this layer there is a thicker
layer of chitin (ef.), which does not stain so deeply. In
places this lower layer 1s penetrated by the insertions of the
musecles. The cuticle lies on a layer of stellate hypodermal
cells (hy.), which are well innervated, and attain a large size
in the posterior segments of the body.

2. Muscurar SyYsTreEM.

The muscular system of the larva (Pl. 31, fig. 16) consists of
a segmental series of regularly repeated cutaneous muscles,
forming an almost continuous sheath beneath the skin,
together with a set of muscles in the anterior segments of
the body which control the cephalo-pharyngeal selerites and
pharynx. In addition to this there are a set of eardiac
muscles and the muscles of the alimentary tract.

I have been unable to find a detailed description of the
musecular system of the museid larva, and I do not think that
Lowne's excuse for dismissing the cutancous musecles of the
blow-fly larva with a very brief statement, becanse “the
details possess little or no interest,” was justified, considering
how little is known about the muscular systems of insect
larvie, and constant reference to the classic work of Lyonet
(1762) on the caterpillar is not sufficient to satisfy the
inquiring student of to-day. The muscular system of the
larva, therefore, will be deseribed in some detail.

Muscles of the body-wall,—The cutaneous muscles
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lateral muscles (I m.) situated next to the hypodeimis and
attached in a dorso-ventral position ; these will assist in draw-
ing the dorsal and ventral regions of the segments together
and so increase the length of the larva. Between segments
four and five and the remaining segments to twelve there is,
on the intersegmental ring, a pair of lateral intersegmental
muscles (L. 4. m.); these by their contraction bring about a
decrease in the size of the intersegmental ring and so assist
the lateral muscles in increasing the length of the larva.

The muscles of the last segment (xiii) are not vegularly
arranged as in the preceding segments ; they consist of three
main groups : (1) the recti muscles, which assist in contract-
ing the segments ; (2) the anal musecles (an. m.), which are
attached ventrally to the anal lobes (an. l); and (3) the
dorso-ventral muscles (d.v.), which by their contraction
assist in lengthening the segment. Inaddition to these there
are certain small muscles in relation with the posterior
spiracles,

In the second and third segments the recti muscles are
reduced to four pairs and the attachment of the two lateral
and external pairs of muscles has led me to regard the
apparently single first post-oral segment as consisting of two
segments ; it is not a single post-cephalic or pro-thoracic seg-
ment as it has been called. There is quite a distinet internal
division and the external constriction has been already
noticed. This view does not necessarily alter the homology
of the third segment, which may still be regarded as pro-
thoracic if this is desirable. The segment which I regard as
the second body-segment may be a rudiment of the cephalic
region which has been almost lost, and this loss, or, as I
prefer to regard it, this withdrawal of the head, only serves to
make any discussion as to the homologies of these anterior
segments with those of the adult extremely difficult, and, I
believe, at present valueless. Further, comparative studies
of the larvee of the calyptrate muscida arve necessary before we
can arrive at any definite conclusions concerning the com-
position of the bodies of these larval forms,
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The cephalo-pharyngeal muscles (fig. 19).—These
muscles cousist of four sets: (1) The cephalic retractor
museles, which by their contraction draw the anterior end of
the larva and the pharyngeal mass inwards; (2) the pro-
tractor and depressor muscles of the pharyngeal mass ;
(3) the muscles controlling the mandibular, dentate, and
hypostomal sclerites; and (4) the internal pharyngeal muscles.

There are four chief pairs of cephalic retractor muscles, of
which the two ventral pairs are by far the largest. The
more ventral of these two pairs (v'. e.r.) arises on the ventral
side from the posterior end of the sixth segment, internal to
the ventro-lateral longitudinal muscles; the other pair
(v. e. ), which is double, arises more laterally from the
posterior end of the fifth segment. The remaining pairs of
cephalic retractors arise from the posterior end of the third
segment, All the cephalic retractor muscles are inserted
anteriorly into a ring, the cephalic ring (¢. #.), on the anterior
border of the second segment, the first post-oral segment.

There are two pairs of cephalo-pharyngeal protractor
muscles, a dorsal (d. c. p.) and a ventral pair (v. c. p.). Both
are rather broad fan-shaped muscles inserted by their broad
ends in the middle of the third segment, slightly to the sides
of the dorsal and ventral median lines respectively. The
dorsal and ventral muscles of each side are inserted together
on the dorso-lateral region of the posterior end of the
pharyngeal mass. The pair of depressor muscles (d.m.) which
are situated dorsally, are attached by their broader euds to the
intersegmental ring between segments three and four. They
are inserted on to the posterior end of the dorsal side of the
pharyngeal mass; by their contraction the posterior end of the
pharyngeal mass is raised, the result being that the sclerites
articulated to its anterior end are depressed.

There remain six pairs of muscles controlling the mandi-
bular, dentate and hypostomal sclerites, one pair controlling
the two foremost sclerites and four pairs controlling the hypo-
stomal sclerite. The mandibular extensor muscles (m. ¢.) are
attached to the body-wall in the third segment on each side
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of the median line and between the dorsal cephalo-pharyngeal
protractors. They are inserted on to the dorsal side of the
mandibular sclerite (m. 5.); by their contraction they elevate
the selerite. This sclerite is depressed by the contraction of
a pair of muscles which control the dentate sclerites (d. s.),
the latter fitting into a notch on the ventral side of the mandi-
bular sclerite. The mandibular depressor muscle (m. d.) 1s
attached to the posterior ventral process of the lateral
pharyngeal sclerite by the three bands into which the posterior
portion of the muscle is divided; the anterior and single end
of the muscle is inserted on the ventral process of the dentate
sclevite. Four pairs of muscles (s. d.) are inserted on the
hypostomal sclerite (h.s.). Two more dorsal pairs are
attached to the intersegmental ring between segments three
and four as shown in fig. 16. The two more ventral pairs are
attached to the lateral pharyngeal sclerites, one being attached
to the ventral side of the posterior dorsal process and the
other to the ventral process beneath the mandibular depressor.
These muscles, which I call the stomal dilators, are inserted
on the sides of the hypostomal sclerite. Their function is, I
believe, to open and close the anterior pharyngeal aperture
and so control the flow of fluid food into the pharynx and of
the salivary secretion; the lowest pair of muscles may be more
directly concerned with the latter.

The pharyngeal apparatus is controlled, as in the adult fly,
by a series of muscles. In the larval stadium, however, where
so large an amount of food is required for the growth and
building up of the future insect, there is a greater development
and elaboration of the pharyngeal apparatus, including the
musecles. In the greater anterior region of the pharynx, that
is, the part lying within the pharyngeal sclerites (fig. 18), the
muscular system consists of two bands of oblique muscles
(0. ph.) arranged in pairs. The muscles are attached dorsally
to the inside dorsal edges of the lateral plates (. p.) and
ventrally to the roof of the pharynx (r. ph.), the ventral attach-
ment being more posterior than the dorsal. The posterior
region of the pharynx, which is between the lateral plates and
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dorso-lateral obligue, the internal lateral obligue, the longi-
tudinal ventro-lateral, the ventro-lateral oblique and ventral
obligue muscles. Fach segment as it comes forward takes a
firm grip ventrally by means of the spiniferous pad. By the
time the last spiniferons pad has become stationary the
mandibular sclerite has left its anchorage, and by the con-
traction of the lateral and intersegmental muscles, which
takes place from before backwards, the lengths of the
segments of the larva are increased serially and the anterior
end begins to move forward again, when the whole process

is repeated.

3. NERVOUS SYSTEM.

Thecentral nervous system of the larva (Pl 32, fig, 23)
Las attained what would appear to be the limit of ganglionic
concentration and fusion. The boat-shaped ganglionic mass,
which lies partly in the fifth segment, but the greater portion
in the sixth segment, is a compound ganglion and represents
the fusion of eleven pairs of ganglia similar to that which
Leuckart (1858) deseribes in the first larval stage of Melo-
phagus ovinus, but which, however, has not undergone so
great a degree of concentration as in M. domestica, This
ganglionic mass, which for convenience and brevity I shall
call the ganglion (Lowne's “ neuroblast””) does not exhibit
externally any signs of segmentation, the interstices between
the component ganglia being filled up with the cortical tissue,
whose outer wall forms a plain surface. In horizontal and
sagittal sections, however, the component ganglia can be
recognised and their limits are more clearly defined. The
ganglion is surrounded by a thick ganglionic capsular sheath
which is richly supplied with trachew, and appears to be con-
tinuous with the outer sheath of the peripheral nerves. Two
pairs of large trachem (fig. 24) are found entering the gang-
lionic sheath, an anterior pair (fr.’) which runs in between
the cerebral lobes, and a lateral pair (fr. ) entering the gan-
glion beneath these lobes, In the young larva the cortical
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layer of cells is proportionately much thicker. The cortical
tissue is made up of cells of varying sizes, but which can be
grouped in two classes—smaller cortical cells and larger
ganglionic cells. Most of the ganglionic cells appear to be
unipolar, but there are many of a bipolar and multipolar
nature present; they stain readily and possess fairly large
nuclei. These ganglionic cells are arranged segmentally, and
occur near the origin of the nerves. In the posterior region
of the ganglion, where the nerves arise in close proximity, the
ganglion cells are very numerous, relatively few of the cortical
cells being found. A further demarcation of the component
ganglia is brought about by median and vertical strands of
the ganglionic sheath-tissue, which perforate the compound
ganglion and ocecur as vertical strands along its median line.
Trache® also penetrate the ganglion with these strands of
capsular tissue.

On the dorsal side of the anterior end of the ganglion is
situated a pair of spherical structures (c. I.), which may be
termed the “ cerebral lobes.” They are united in the median
line dorsal to the foramen traversed by the cesophagus (ce.).
These cerebral lobes are chiefly of an imaginal character, and
contain the fundaments of the supra-cesophageal ganglia and
also of the optic ganglia of the future fly (fig. 27). Each 1is
surrounded by a thin membranous sheath (sh.) and is con-
nected with the major cephalic imaginal dises by the optic
stalk (0. s.).

The nerves arising from the ganglion may be divided into
three groups, according to their origin. Eleven pairs of
nerves (fig. 24, 1-11) corresponding to the eleven pairs of
ganglia arise, two from the anterior end and nine from the
sides of the ganglion, Three pairs of nerves (a., b. and ¢.)
arise laterally from the stalks of the pro-thoracic and meso-
thoracic imaginal discs. In the median dorsal line of the
posterior half of the ganglion a single pair (d. a.”) and two
median unpaived (d. a.” d. a.”’) nerves have their origin ;
these are accessory nerves.

The first pair of the two anterior pairs of nerves runs
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forward and innervates the posterior region of the pharyngeal
mass; the anterior region of the latter is supplied by the
second pair of nerves. These nerves also innervate the
anterior segments of the body. The first (a) of the three
pairs of nerves which arise from the stalks of the imaginal
discs runs to the anterior end supplying the protractor and
retractor muscles of the pharyngeal mass. The second (b)
of these three pairs of nerves innervates the muscles of the
body-wall of the third and fourth segments; the latter segment
is also innervated by the third (¢) of the three pairs of nerves.
The succeeding nine pairs of lateral nerves arve segmentally
distributed, and innervate the muscles of the body-wall of
segments five to thirteen. Hach nerve bifurcates on reaching
the muscles, and these branches further subdivide into very
fine nerves.

The nerves, which arise dorsally, and which I have called
the accessory nerves, are interesting. The first pair (d. a.)
which arises about mid-way along the dorsal side of the
ganglion, accompanies the pair of nerves supplying the
seventh segment. The second (d.a.”), which is an unpaired
nerve, bifurcates in the seventh segment, and the resulting
nerves proceed to the body-wall in association with the nerves
supplying the eighth segment. The third and posterior
dorsal accessory nerve (d.a.””") bifurcates in the seventh seg-
ment. Hach of the resulting nerves undergoes a second
bifurcation; the dextral nerve, bifurcating in the eighth
segment, accompanies the nerves supplying the ninth seg-
ment; the sinistral nerve bifurcates between segments
eight and nine, and the resulting nerves proceed to the tenth
segment. None of the remaining lateral nerves appear to be
accompanied by an accessory nerve, of which there are four
pairs only. The ganglionic sheath is penetrated by tracheze,
some of which arise from the ganglion in association with the
nerves which they accompany to the body-wall. Two of
these trachem are shown (ftig. 24, £.). Similar fine trachea
arise with the three posterior pairs of lateral nerves, and
on account of their similarity to accessory nerves I at first
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observations confirm the same for the larvee of M. domes-
tica. |

The hypodermal cells are well innervated and the body-wall
appears to be highly sensitive.

4, THE ALIMENTARY SYSTEM,

The alimentary tract increases in length at each of the
larval ecdyses, and in the mature larva (Pl 33, fig. 29), its
length is several times greater than the length of the larva.
The great length of the alimentary tract of the larva com-
pared with that of the fly is probably accounted for by the
fact that a large digestive area is necessary for the rapid
building up of the tissues from fluid food which takes place
during the larval life. It is divisible into the same regions
as the alimentary tract of the mature insect, but it differs
from the latter in several respects; these regions are parts
of the original stomodmal, mesenteric and proctodseal regions
of which the mesenteric is by far the longest in this larva,
The regions of the alimentary tract which are derived from
the stomodwum and proctodeeum are lined with chitin of
varying thickness which is attached during life to the epithe-
lial cells, but is shed when the larva undergoes ecdysis. The
mesenteron does not appear to be lined with chitin as it is in
some insects, in which cases the chitinous intima usually lies
loose in the lumen; it is, however, in the larva of M.
domestica, usually lined with a lining of a mucons character.
The whole alimentary tract is covered by a muscular sheath
of varying thickness.

The mouth (fig. 6, m.) opens on the ventral side between
the oral lobes. The ventral and ventro-lateral sides of the
oral lobes are traversed by a series of small channels (fig. 14,
ch.), which are made more effective by the fact that one side
of the channel is raised and overhangs the other so as to
partially convert the channels into tubes rather comparable
to the pseudo-trachem of the oral lobes of the fly, to which
they have a similar function: the liquid food runs along these
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similar to that portion of the pharynx of the fly which lies in
the fulerum. The whole length of the floor of the pharynx is
traversed by a series of eight grooves separated by bifurcating
ribs which are T-shaped in section (fig. 18, £.r.), and are called
the “T ribs” by Holmgren (1904); they form a series of
eight tubular grooves. Holmgren believes that they may
have been derived from a condition similar to that found in
the pharynx of the larva of Phalacrocera, where the floor
of the pharynx is traversed by a number of deep but closed
longitudinal fissures. These pharyngeal grooves probably
have a straining function, but they may also be of use in
allowing a certain amount of ihe salivary secretion to flow
backwards towards the cesophagus. The musculature and
action of the pharynx has been described. On the dorsal
side of the pharyngeal mass and attached laterally to the
layer of cells covering the lateral sclerites there is a loose
membrane (m.), whose function, I believe, is to accommodate
the blood eontained in the pharyngeal sinus (p.s.) when the
roof of the pharynx is raised. Posteriorly the floor of the
pharynx curves dorsally and opens into the cesophagus.

The wsophagus (fig. 29, «.) 1s a museunlar tube beginning
at the posterior end of the pharyngeal mass. It describes a
dorsal curve when the larva 18 contracted, and then runs in
a straight line through the cesophageal foramen between
the cerebral lobes of the ganglionic mass and dorsal to the
ganglion to the posterior region of the sixth larval segment,
where it terminates and opens into the proventrienlus. It is
of a uniform width throughout and is lined by a layer of flat
epithelial cells (fig. 25, @, ep.) whose internal faces are lined
by a chitinous sheath (eh. i.), which is thrown into a number
of folds. There is nothing of the nature of a ventral diver-
ticulum forming a crop such as Lowne describes in the larva
of the blow-fly,

The proventriculus (fig. 29, pv.) varies slightly in shape
according to the state of contraction of the alimentary tract;
n the normal eondition it is cylindrically ovoid and its axis
ig parallel with that of the body. As will be seen from the
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membrane which occurs in this region in nomerous insects,
and which has been.studied in detail by Vignon (1901) and
others, Below the epithelial cells a number of small cells
(g. ¢.) are found, which may be either gland cells or young
epithelial cells. In addition to these cells small groups of
deeply-staining fusiform cells (i.¢.) are found below the
epithelinm. These, I believe, are embryonic cells from
which the mesenteron of the imago arises. The Malpighian
tubes arise in the tenth segment at the junction of the ven-
triculus and the intestine.

The intestine (fig. 29, ent.) 1s narrower than the ventriculus
and runs forwards as far as the eighth segment, where it bends
below the visceral mass and runs posteriorly, to become dorsal
again behind the tenth segment, from whence it runs back-
wards, turning ventrally behind the visceral mass to become
the rectum. The epithelium is thrown into a number of folds
and is covered with a chitinous intima.

The rectum (r.) is very short and muscular, and the chitinous
mmtima is fairly thick and continuous with the outer cuticular
layer of the chitinous integument. It is almost vertical and
opens by the anus on the ventral side of the terminal larval
segment between the two swollen anal lobes,

Salivary glands.—There is a pair of large tubular
salivary glands (s. gl.) lying laterally in segments five and six.
Anteriorly each is continned as a tubular duct ; the two ducts
approach each other and join beneath the pharyngeal mass to
form a single median duoct (fig. 19, sal. d.) which runs forward
and opens into the pharynx on the ventral side as alveady
described. 'The glands are composed of large cells (fig. 21),
which project into the lumen of the gland ; they stain deeply
and have large active nuclei. The salivary secretion, apart
from the digestive properties which it has, is no doubt of
great importance in making the food more liquid, as is also
the case in the imago, and so rendering it more easy for
absorption,

The Malpighian tubes (fig. 29, m. t.) arise at the junction of
the ventricnlus and intestine in the tenth segment. A short
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open to the exterior by a small pore which leads into a cavity
having a clear lumen surrounded by branched cuticular pro-
cesses, whose function is probably to prevent solid particles
from penetrating the spiracular channel. The body of the
fan-shaped spiracular process is filled with a fine reticulum of
the chitinous intima, which Meijere (1902) calls the * felted-
chamber”’ (Filzkammer); through this meshwork the air can
pass to the longitudinal tracheal trunk.

The posterior spiracles (fig. 3, p.sp.) are D-shaped with the
corners rounded off and their flat faces are opposed. Hach
consists of a chitinous ring having internal to the flat side a
small pierced knob. Fach chitinous ring encloses three
sinnous slits, guarded by inwardly-directed fine dendritic
processes; throngh these slits the air enters the small
spiracular atrium, one of which is sitnated internal to each of
the spiracles. The spiracular atria communicate directly with
the longitudinal tracheal trunks.

The course and origin of the branches of each of the
longitudinal tracheal trunks (fig. 26 [. fr.) is the same, so that
of the left side will be described ouly. Immediately behind
the spiracular atria the short posterior tracheal commissure
(p. com.) connects the two trunks. In the younger larve this
commissure is sitnated more anteriorly, but in the adult it is
sitnated so far back and so close to the spiracles that its
presence might easily be overlooked. On the ounter side of the
tracheal trunk a large branch arises ; this, the visceral branch
(v. £r.), bends ventrally to the lateral trunk, and thus becoming
internal to it enters the convoluted visceral mass with its
fellow of the other side. The visceral branches extend
anteriorly as far as the seventh segment. In the twelfth and
thirteenth segments the lateral tracheal trunk has a dounble
appearance. A dorsal and a ventral branch arise in most of
the segments, the dorsal branch chiefly supplies the fat body,
and the ventral branch supplies the viscera; both give off
branches to the muscular body wall. The anterior commissure
(@. com.) is situated in the fourth segment. It crosses the
csophagus immediately behind the pharyngeal mass. On
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action of this posterior cardiac region of the dorsal vessel.
Lowne describes other openings in the wall of the * heart”
of the blow-fly larva, but I have been unable to find others
than those already described in this larva ; it has three pairs
only.

The dorsal aorta is the anterior continuation of the dorsal
vessel, which gradually diminishes in diameter. When it
reaches the fifth segment and lies above the ganglion, it ter-
minates in a peculiar cellular strueture (fig. 24, c.r.), which
in the blow-fly has a circular shape and was called by
Weismann the “ring.” In the larva of M. domestica it
has not so pronounced a ring-like appearance, but is more
elliptically compressed and rather A-shaped. The cells of
which it is composed have a very characteristic appearance,
and are rather similar to a small group of cells lying on the
neck of the proventriculus and at the anterior end of the
dorsal vessel of the fly. From the lower sides of this cellular
structure (fig. 28, ¢.».) the outer sheaths of the major cephalic
imaginal discs depend,and extend anteriorly to the pharyngeal
mass, enclosing between them the anterior portion of the great
ventral blood sinus.

The pericardium lies in the four posterior segments of the
body, and is delimited ventrally from the general body-cavity
by a double row of large characteristic pericardial cells. These
cells have a fine homogeneous structure and arve readily dis-
tinguished from the adjacent adipose tissue cells, whose size
they do not attain. The pericardial cavity contains a profuse
supply of fine tracheal vessels which indicates a respiratory
function. A similar condition occurs in the blow-fly larva, and
Imms (1907) has described a rich pericardial tracheal supply
in the larva Anopheles maculipennis, as also Vaney (1902)
and Dell (1905) in the larva of Psychoda punctata. The
adipose tissue cells (fig. 28, f. ¢.) form the very prominent
“fat-body.” They are arranged in folded cellular laminse
that lie chiefly in the dorso-lateral regions of the body, and in
section have the appearance shown in the figure. The cells
have a similar structure to those of the adult fly; they are
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of M. domestica are similar in some respects to those of the
blow-fly, as described by Lowne, there are several important
differences, chief of which is the position of the imaginal dises
of the meta-thoracic legs.

During the resting period of the larva the cephaliec and
thoracic dises ean be distinguished, but the abdominal dises
are small and not so obvions except in sections.

The cephalic dises.—The chief cephalic discs are con-
tained in what at first appears to be a pair of cone-shaped
structures in front of each of the cerebral lobes of the gan-
glion (fig. 24, m.c.d.) ; the cone, however, is not complete.
The outer sheath of each of these major cephalic imaginal
rudiments is continned dorsally, and joins the cellular strue-
ture mentioned previously (see fig. 28), thus enclosing a
triangular space which is a portion of the ventral sinus.
These sheaths are continued anteriorly and are connected to
the pharyngeal mass, and it is through this connecting strand
of tissue that the discs are everted to form the greater part
of the head of the nymph. Immediately in front of the
cerebral lobe is the so-ealled optic dise (fig. 27, 0. d.), which
in its earlier stages is cop-shaped, but later it assumes a
conical form, having a cup-shaped base adjacent to the cere-
bral lobe. The optic disc is connected to the cerebral lobe
laterally by a stalk of tissue, the optic stalk (0.s.), which
becomes hollow later, and it is through this stalk that the
optic ganglion and associated structures contained in the
cerebral lobe appear to evaginate when the final metamorphosis
and eversion of the imaginal rudiments takes place. The optic
dises form the whole of the lateral regions of the head of the
fly. The remaining portion of the head-capsule of the fly is
formed from two other pairs of imaginal radiments, the
antennal and facial dises. The antennal disc (an. d.) lies in
front of, and internal to, the optic discs. Each consists of an
elongate conical structure, in which at a later stage the
individual antennal joints can be distinguished. The facial
dises (f.d.) are anterior to the antennal discs and extend to
the anterior end of the conical structure containing these
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forward, and is in association with the corresponding pro-
thoracic and meso-thoracic ventral discs. The smaller and
more posterior dise (d. mt.) will develop into the remaining
portion of the much reduced meta-thoracic segment, including
the halteres.

Reference has already been made to other imaginal rudi-
ments which occur in the abdominal region as circular patches
of embryonic cells. The abdominal segments develop from
numerous segmentally arranged plates of a similar vature,
which are found duaring the early pupal stage.

Durving pupation the imaginal rudiments increase in size
and are not destroyed by the phagoeytes in histolysis, as 1s
the case with most of the larval structures. The cephalic
discs are evaginated by the eversion of their sacs by way of
the anterior end of the larva, a cord of cells attached to the
dorsal wall of the anterior end of the pharynx marking the
path of eversion. A similar process takes place in the case
of the thoracic imaginal discs, which, by their eversion, build
up the whole of the skeletal case of the thorax and its dorsal
and ventral appendages, the wings, halteres and legs.

VI. SuMMARY.

1. An account of the previous work on the breeding habits
of M. domestica is given, which, together with the anthor’s
investigations, show that the house-fly breeds in the following
substances :

Horse-manure ; this is preferred by the female flies as a
nidus for the eggs, and forms the chief substance in which
they breed ; human excrement, either in the form of isolated
fweces or oceurring in such places as latrines, privies and ash-
pits; cow-dung; poultry excrement; also in substances con-
taminated or mixed with excremental products, such as
bedding from piggeries and from rabbits and guinea-pigs,
paper and textile fabrics which have been contaminated, as
cotton and woollen garments, sacking, rotten flock-beds,
straw-mattresses, cesspools ; decaying vegetable substances
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first. The apparent single second segment is considered to
be of a double nature. :

8. The muscular system is deseribed in detail. 1t consists
of: (1) A segmentally-arranged series of flattened cutaneous
museles forming an almost perfect sheath below the hypo-
dermis ; (2) the muscles controlling the cephalo-pharyngeal
sclerites and pharynx; (3) the eardiac and visceral muscles.
The series of muscular actions which probably takes place
during locomotion is deseribed.

9. The central nervous system is concentrated to form a
single compound ganglion in which eleven pairs of compo-
nent ganglia can be recognised. On the dorsal side of the
anterior end of the ganglion two cerebral lobes united in the
median line above the msophageal foramen are situnated ;
these contain the rudiments of the optic and supra-wsophageal
ganglionic stroctures of the fly. Eleven pairs of segmental
nerves arise from the ganglion, and in addition to these three
pairs of lateral nerves, and also a single pair and two median
unpaired dorsal accessory nerves arise. The component
ganglia are surrounded by a cortical layer containing large
ganglion cells ; the whole compound ganglion is enclosed in a
capsular sheath.

The only sensory organs are two pairs of tubercles situated
on the dorsal sides of the oral lobes. By their structure they
indicate an optical function,

10, The alimentary tract is very long in the larva, the
ventriculus being especially elongate. It consists of pharynx,
wsophagus, proventriculus, ventrienlus, intestine and rectum.
In addition to a pair of salivary glands, whose ducts unite to
open by a single duct at the anterior end of the pharynx, and
a pair of bifurcating Malpighan tubes, the larva possesses four
cwca ab the anterior end of the ventriculus. The ventri-
culns and intestine are very convoluted and are coiled up to
form a complicated visceral mass.

11. The tracheal system of the adult larva consists of two
longitudinal lateral tracheal trunks united by anterior and
posterior commissares, and communicating with an exterior
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by means of an anterior and a posterior pair of spiracles,
The anterior spiracles, which do not occur in the first larval
instar, are considered to be functional,

12. The vascular system consists of : (1) A dorsal vessel,
the posterior region of which is swollen to form a cardiac
region or ‘“heart” which communicates with a pericardial
cavity by means of three pairs of lateral ostia; (2) the great
ventral sinus, which forms the body cavity; and (3) the peri-
cardial sinus. The pericardinm is well supplied with traches,
which may assist in respiration, as in certain other insect
larvee. The adipose tissue cells which compose the large
laminge forming the fat-body are similar in stronctare to those
of the fly.

13. Three groups of imaginal rudiments or dises can be
recognised in the larva : (1) The cephalic dises, of which two
appendicular pairs are sitnated at the anterior end of the larva
and three pairs in front of the cerebral lobes of the ganglion ;
(2) the thoracic discs, two pairs of which are attached to the
anterior end of the ventral side of the ganglion, and three
pairs are connected with the lateral tracheal trunks in the fifth
segment ; (3) the abdominal and visceral dises.
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EXPLANATION OF PLATES 30—33,

Illustrating Mr. C. Gordon Hewitt’s paper on ““The Structure,
Development, and Bionomics of the House-fly Musca
domestica, Linn. Part II. The Breeding Habits
Development and the Anatomy of the Larva.”

PLATE 30.

Fre. 1.—Eggs of M. domestica, x 40, dorsal and dorso-lateral views.
a. Anterior end.

Fic. 2.—Egg immediately before emergence of the larva which ean be seen
throngh the dorsal split of the chorion through which it emerges.

Fr16. 3.—PFosterior end of mature larva (3rd instar).
an. Anus. p.sp. Posterior spiracle.

Fis. 4.—Cephalopharyngeal skeleton of mature larva, left lateral aspect.

d.p.s. Dorsal pharyngeal selerite. o.s. Dentate sclerite, A.s. Hypostomal
selerite. [Lp. Lateral pharyngeal sclerite or plate, deeply incised posteriorly
to form dorsal and ventral processes. m.s. Mandibular sclerite.

Fra. 5,—Mature larva of M. domestica.
«.sp. Anterior spiracular process. an.. Anal lobe. sp. Spiniferous pad.
[-XIII. Body segments.

Fig. 6.—Ventral aspect of the Pseudocephalon and second body segment
of the mature larva showing the two oral lobes traversed by the food channels.

/. Lingual-like process. m. Mouth. m.s. Mandibular sclerite. o.f. Ante-
rior optic tubercle.

Fig. 7.—Transverse section through two of the papille of the anterior
spiracular process to show the clear central lumen.
e.p. The cuticular processes.

Fic. 8.—Larva shortly after hatching (1st instar).
m.s. Mandibular sclerite. p.sp. Posterior spiracle raised on short tuberele.
sp. Spiniferous pad.

Fi6. 9.—Lateral (left) aspect of the anterior end of the mature larva.

I-IV. Body segments. a.sp. Anterior spiracular process showing seven
spiracular papille. m.s. Mandibular selerite. o.f. Optic tubercle. ps. Pseudo-
cephalon,
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selerite. m. Accommodating membrane. m.d. Mandibular depressor musele,
o.ph. Oblique pharyngeal muscle. ph. Pharynx. s.d.m. Semicircular dorsal
pharyngeal muscles. #r. Trachea. v.cp. Ventral eephalic protractor musele.

Fi6. 18.—0blique section through the pharyngeal mass of the larva at the
level shown by the line z.y. in Fig. 19. (Camera lucida drawing.)

p.s. Pharyngeal sinus. ».ph. Roof of pharynx. Z.r. T-ribs of the floor of
phargnx. Other lettering as in Figs. 17 and 19.

Fie. 19,—Muscles of the cephalo-pharyngeal sclerites of the mature larva
seen from the left side. The muscles of the body-wall have been omitted
with the exception of the large cephalic retractor muscles.

a.b., x.y. Levels and direction of the oblique sections shown in Figs. 18
and 19. e.r. Cephalic ring. d.c.p. Dorsal eephalic protractor musele. ..
Right pharyngeal depressor muscle, .5 Dentate sclerite. fip. Chitinous
floor of the pesterior region of the pharynx showing the bases of the T-ribs.
h.s. Hypostomal sclerite. m.d, Mandibular depressor muascle. m.e. Mandi-
bular extensor muscle. m.s. Mandibular sclerite. s.4. Stomal dilator
muscles. sald. Common salivary duet. o.c.p. Ventral cephalic profractor
muscles. v.c.r. and ¢'.c.r. Ventral cephalic retractor muscles.

Fie. 20.—Visceral or stomatogastric nervous system of the mature larva,
The position of the ganglion (&.) with the cerebral lobes (2.2) is shown hy
means of the dotted outline.

e.g. Central visceral ganglion. pn.g. Proventricular or posterior ganglion.

Fis. 21.—Transverse section of one of the salivary glands of the mature
larva. (Camera lucida drawing.)

F16. 22.—Internal aspect of the posterior thoracic imaginal discs of the
right side.

d.ns. Dorsal mesothoracie or alar imaginal dise. d.ms. Dorsal meta-
thoracic imaginal dise. Lfr. Lateral tracheal trunk of the right side of larva.
v.mi. Ventral metathoracic imaginal dise.

PLATE 32.

Fie. 23.—Nervous system of the mature larva. The dorsal accessory
nerves are shown by single black lines, and the outline of the pharynzeal mass
is indicated by the dotted line.

I—XIII. Body segments of the larva. e.l. Cercbral lobes, m.c.d. Major
cephalic imaginal dises, @. (Esoplagus. o.n. Auterior (msophageal branch)
of visceral nervous system,

Fie. 24.—Left lateral aspect of the ganglion of the mature larva showing

the origin of the nerves, position of the imaginal dises, and anterior end of the
dorsal vessel,

1—11. Eleven segmental nerves. «.b.and e. Nerves arising from the bases
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are representative of the average occurrence, as I have
observed, of the different species.

For the proportional occurrence in similar localities we have
interesting figures given by Howard (1900) for the United
States. Of 23,087 flies caught in rooms where food supplies
are exposed he found that 22,808, or 98'8 per cent. of the
whole number, were M. domestica, and of the remaining
1'2 per cent. H. canicularis was the commonest species.
Hamer (1908) found that more than nine tenths of the tlies
eaught in the kitchens and “living-rooms” of houses in the
neighbourhood of depéts for horse-refuse, manuve, etc., were
M. domestica., In a further report Hamer gives more
details as to the different species that were found. In one
lot of 35,000 flies canght on four fly-papers exposed in similar
positions, 17 per cent. were Homalomyia canicularis, less
than 1 per cent. were C. erythrocephala, and considerably
less than 1 per cent. were Muscina stabulans, whereas of
nearly 6000 flies caught in another situation in fonr fly-
balloons 24 per cent. were H. canicularis, 15 per cent. were
C.erythrocephala, and nearly 2 per cent. were M. stabu-
lans, He gives an interesting diagram showing from counts
of fHlies the seasonal prevalence which [ have previously
recorded from observation. The report shows how the pro-
portions of the different species vary in different situations
according to the substances and refuse that are present in
the locality. We may therefore say with certainty that
M. domestica is the commonest species of house-fly, and
next to this H. canicularis, and that in country houses
S. calcitrans often occurs in large numbers, although
it is not a honse-fly in the strict sense of the word.

ITI. Fries Occurring As Co-mnuapirants oF Houses wiTh
M. pomEesTicA or As VIBITANTS.

We have seen from the preceding section that M. domes-
tica is by far the commonest species which occurs in houses,
and is, in fact, *“ domesticated  in the true sense of the word












{114)
STRUCTURE, DEVELOPMENT, AND RIONOMICS OF HOUSE-FLY, 855

mitted light. In the female the abdomen is short in propor-
tion to its length, and is of a greenish or brownish-grey colour

H. canicularis appears in houses before M. domestica,
and can be found generally in May and June. In the latter
month its numbers are swamped, as it were, by M. domes-
tica, and it appears to seek the other rooms of a house than
the kitehen, although I have found it frequently in consider-
able numbers in kitchens. The average length is 57 mm.

The larva of H. canicularis (Pl 22, fig. 1) is very
distinet from that of M. domestica, as will be seen from
the figure. It is compressed dorso-ventrally, and has a
double row of processes on each side. Owing to the rough
and spinous nature of these processes dirt adheres to the
larva and gives it a dirty-brown appearance. The full-grown
larva measares 5-6 mm. in length. The breeding habits of
H. canicularis are very similar to those of M. domestica.
The larve feed on waste vegetable substances and also on
various excremental produacts, but particularly, I have found,
on human excrement, for which they show a great partiality.
I have frequently found excrement in privy middens to be a
moving mass of the larvee of H. canicularis. The larval
period is from three to four weeks, and the insect spends
fourteen to twenty-one days in the pupal stage.

(4) Homalomyia scalaris F.

Newstead (1907) has found this species occurring as a
house-fly. It is slightly larger than, though similar in many
respects to, H. canicularis. The larva is very similar in
appearance. Newstead found the larvae in ash-pit refuse,
and bred the flies from human faces. The larvae have been
found frequently to be the cause of intestinal myiasis.

(5) Anthomyia radicum Meigen.

This member of the Anthomyide has been found in houses,
especially those in or near the country. The female has been
illustrated already (Part I, ¢ Quart. Journ. Mier. Sei.,” vol. bl,
Pl. 22, fig. 2). The male is darker in colour, the dorsal side
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of houses, especially during wet weather, from which habit it
has no doubt derived the popular name of “storm-fly ”; it is
also know as the “stable-fly.”” As these names may be equally
applicable to certain other Diptera they should be discarded.

As I have already mentioned this species is frequently mis-
taken by the public for M. domestica, which is supposed to
have adopted the biting habit, although the latter is unable
to inflict the slightest prick. If examined side by side the
sreat differences between the two will be seen readily (see
Part I in ‘Quart. Journ. Mier. Seci, vol. 51, Pl 22, fig. 4).
S. calecitrans has an awl-like proboscis for piercing and
blood-sucking ; this projects horizontally forward from
beneath the surface of the head (fiz. 4). It is slightly
larger and more robust than M. domestica ; the bristles of
the antennse bear sete on their npper sides only. The colonr
is brownish with a greenish tinge; the dorsal side of the
thorax has four dark longitudinal stripes, the outermost pair
being interrupted. At the antervior end of the dorsal side of
the thorax the medium light-coloured stripe has a golden
appearance, which is very distinet when the insect is seen
against the light. The abdomen is broad in proportion to its
length, and each of the large second and third segments has
a single median and two lateral brown spots; there is also
a median spot on the fourth segment.

The life-history of 8. calcitrans has been studied by
Newstead (1906), and I have been able to confirm his observa-
tions during 1907 and 1908. From fifty to seventy eggs,
measuring 1 mm. in length, are laid by the female. The eggs
are laid on warm, decaying vegetable refuse, especially in
heaps of fermenting grass cut from lawns; I have frequently
confirmed this observation of Newstead’s. The eggs are also
deposited on various excremental substances upon which the
larvae feed. Osborne (1896) rearved them in horse-manure;
Howard (1900) states that they live in fresh horse-manure,
and records their occurrence in outdoor privies in some
loealities ;- Newstead reared them in moist sheep’s dung; they
ean also be reared in cow-dung.
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rabbits upon which to rear the larve of C. erythrocephala,
T found the broken leg of alive rabbit, which had been caught
in a spring trap sét the previous evening, a living mass of
small larvae, which were devooring the animal while it was
still alive. An enormous number of eggs are laid by a single
insect ; Portchinski (°Osten. Sacken,” 1887) found from 450
to 600 eggs, though I have not found so many. With an
average mean temperature of 23° C. (73:5° F'.) and using fresh
rabbits as food for the larve, the following were the shortest
times in which I reared C. erythrocephala. The eggs
hatehed from ten to twenty hours after deposition. The larva
underwent the first ecdysis eighteen to twenty-four hours after
hatching ; the second moult took place twenty-four hours later,
and the third larval stage lasted six days, the whole larva life
being passed in seven and a half to eight days. Fourteen days
were spent in the pupal state ; thus the development was com-
plete in twenty-two to twenty-three days. I have no doubt
that this time could be shortened by the presence of a very
plentiful supply of food, as an enormous amount, comparatively,
is consumed.

The full-grown larva may measure as much as 18 mm. in
length. The posterior extremity is surrounded by six pairs
of tubercles arranged as shown in the figure (fig. 12) ; there
is also a pair of anal tubercles. The anterior spiracular
(fig. 11) processes are nine-lobed. The posterior spiracles
(fig. 10) are circular in shape and contain three slit-like
apertures. In the second larval instar (fig. 9) there are only
two slits in each of the posterior spiracles, and in the first
larval instar (fig. 8) each of the posterior spiracles consists of
a pair of small slit-like orifices. Howard (1900) found the fly
on fresh human faeces, and Riley records it as destroying the
Rocky Mountain locust,

C. erythrocephaluisan ontdoor fly, but frequently enters
houses in search of material upon which to deposit its eggs
and also for shelter. From its habit of frequentivg faces,
which may be observed in this country especially in insanitary
court-yards, and such food as meat and fruit, it is not improb-
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is diffieult to say whether it is parasitic or whether it feeds on
the rotting pupee ounly ; many observers arve inclived to take
the last view. The larva may reach a length of 11 mm. It
is creamy-white in colour; the anterior spiracular processes
are five-lobed and ave like hands from which the fingers have
been amputated at the first joint. The posterior spiracles
are rounded and enclose three triangular-shaped areas, each
containing a slit-like aperture. [ have not been able to study
the complete life-history, but Taschenberg (1. c.) states that it
occupies five or six weeks.

(9) Luecilia Casar L.

Although it is not a house-fly, this common fy ocecasionally
occurs in houses, especially those in the country, and it is often
called a ““ blue-bottle.” ltissmallerthan C.erythrocephala
and is more brilliant in colonring, being of a burnished gold,
sometimes bluish, and also of a shining green colour.

It frequents the excrement of man and other animals in
which it is able to breed. Howard (1. ¢.) reared it from human
excrement. It also breeds in carrion, but the chief breeding-
place in which I have found it in this country is on the backs
of sheep. It is one of the destructive species of ““ maggots ™
of sheep. The larvae are very similar to those of C.erythro-
cephala—in fact, Portchinski considered them indistinguish-
able from the larve of the latter except in size. The full-
grown larva measures 10-11 mm. in length. The larval life
lasts about fourteen days, and the pupal stage a similar length
of time, but I have reason to believe that under very favour-
able conditions development may take place in a much
shorter time.

(10) Psychoda spp.

There may be found frequently on window-panes small,
grey, moth-like flies belonging to the family Psychodidm,
The wings of these small flies are large and broad in propor-
tion to the size of the body, and are densely covered with
hair; when the insect is at rest they slope in a roof-like
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1. Chernes nodosus Schrank.

There are frequently found attached to the legs of the
house-fly small scorpion or lobster-like creatures which are
Arvachnids belonging to the order Pseudo-scorpionidea;
the term *‘chelifers” is also applied to them on account of the
large pair of chelate appendages which they bear. The
species which is usually found attached to M. domestica is
Chernes nodosus Schrank (fig. 13). 1t 1s very widely
distributed, and my observations agree with those of Pickard-
Cambridge (1892), who has described the group.

The species is 25 mm. in length and Pickard-Cambridges’s
description of it is as follows:

“ Cephalothorax and palpi yellowish red-brown, the former
rather duller than the latter. Abdominal segments yellow-
brown; legs paler. 'The caput and first segment of the
thorax are of equal width (from back to frout); the second
segment of the thorax is very narrow. The surface of
the cephalothorax and abdominal segments is very finely
shagreened, the latter granulose on the sides. The hairs on
this part as well as on the palpi and abdomen are simple, but
obtuse. The palpi are rather shovt and strong. The axillary
joint is considerably and somewhat subconically protuberant
above as well as protuberant near its base underneath. The
humeral joint at its widest part, behind, is considerably
less broad than long ; the cubital joint is very tumid on its
mner side ; the bulb of the pincers is distinctly longer, to the
base of the fixed claw, than its width belind ; and the claws
are slightly curved and equal to the bulb in length.”

They appear to be commoner in some years than in others,
Godfrey (1909) says: “T'he ordinary habitat of Ch. nodosus,
as Mr. Wallis Kew has pointed out to me, appears to be among
refuse, that is, accamulations of decaying vegetation, manure-
heaps, frames aud hot-beds in gardens. He refers to its occur-
rence in a manure-heap in the open air at Lille, and draws my
attention to its abundance in a melon-frame near Hastings in
1898, where it was found by Mr. W. R. Butterfield.” In
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body. In some cases as many as ten of the Arachnids have
been found on a single fly, and if the movements of the
insect are impeded by the presence of a number of the
Chernes it will be easily understood that the life of the fly
will be cortailed thereby. Pseundo-scorpionidea have been
observed feeding on the mites that infest certain species of
Coleoptera, and it has been suggested that they associated
with the flies for the same purpose, althongh I do not know
of any recorded case of a fly infested with mites carrying
Chernes also. If this were the case the Chernes would be
a friend and not a foe of the Hy, as Hickson (1905) has
pointed out.

There are few records to support the view that the Chernes
is parasitic on the fly. Donovan (1797) mentions the occur-
rence of a pseudo-scorpionid on the body of a blow-fly, and
Kirby and Spence (1826) refer to their being occasionally
parasitic on flies, especially the blow-fly, under the wings of
which they fix themselves. It is probable that the Chernes
seldom reaches sach a position of comparative security on the
thorax of the fly ; should it succeed in doing so, however, it
could become parasitic in the true sense of the word. As I
have previously pointed out, little experimental evidence is at
present available and further investigation is necessary before
it 1s possible to maintain more than a tentative opinion with
regard to this association between the Chernes and the
fly. It is obvious that the association will result in the dis-
tribution of the Pseudo-scorpionid, but whether this is
merely incidental and the real meaning lies in a parasitic or
predaceous intention on the part of the Arachnid, as some of

the observations appear to indicate, further experiments alone
will show.

2. Acarina or Mites borne by House-flies.

As early as 1735 de Geer observed small reddish Acari in
large numbers on the head and neck of M. domestica.
They ran about actively when touched. The body of this
mite was oval in shape, completely chitinised, and polished ;
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apparently by their stomal regions. These specimens may be
truly parasitic, as I am inclined to believe, since many Acari
arve parasitic in the immature state, although the adults may
not be so; on the other hand this form of attachment may be
employed as a means of maintaining a more secure hold of
the transporting msect.

3. Fungal Disease—Empunsa muscse Cohn.

Towards the end of the summer large numbers of flies may
be found attached in a rigid condition to the ceiling, walls or
window-panes. They have an extremely life-like appearance,
and it is not until one examines them closely or has tonched
them that their inanimate, so far as the life of the fly is con-
cerned, condition is discovered. These flies have been killed by
the fungus Kmpusa muscae Cohn, and in the later stages of
the disease its fungal nature is recognised by the fact that a
white ring of fungal spores may be seen around the fly on the
substratum to which it is attached. The abdomen of the fly
is swollen considerably, and white masses of sporogenous
fungal hyphae may be seen projecting for a short distance
from the body of the fly, between the segments, giving the
abdomen a trausversely striped black and white appearance.

The majority of flies which die in the late anutumn—and it
is then that most of the flies which have been present during
the summer months perish—are killed by this fungus. Its
occurrence, therefore, is of no little economic value, especially
if it were possible to artificially cultivate it and destroy the
flies in the early summer instead of being compelled to wait
until the autumn for the natural course of events.

Empusa musca belongs to the gronp Entomophthores,
the members of which confine their attacks to insects, and in
many cases, as 1 the case of the present species, are produc-
tive of great mortality among the individuals of the species of

eult to identify immature Gamasids owing to the scarcity of knowledge
a8 to their life-histories, but hasays that they arve very like Dinyechella
asperatu Berl,
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consequently deceased, fly. A conidinm now develops
(ig. 16) by the constriction of the apical region of the
conidiophore. When it is ripe the conidium (fig. 17) is
usually bell-shaped, measuring 25-30 u in length ; it generally
contains a single oil-globule (0.g.). In a remarkable manner it
is now shot off from the conidiophore, often for a distance of
about a centimetre, and in this way the ring or halo of white
spores, which are seen around the dead fly, are formed. In
some cases, although I find that it is not an invariable rule as
some would suggest, the fly, when dead, is attached by its
extended proboscis to the substratum. Giard (1879) found
that blow-flies killed by Entomophthora calliphora were
attached by the posterior end of the body. If the conidia,
having been shot off, do not encounter another fly, they have
the power of producing a small conidiophore, upon which
another conidium is in turn developed and discharged. If
this is unsuccessful in reaching a fly a third conidinm may be
produced, and so on. By this peculiar arrangement the
conidia may eventually travel some distance, and it is no
doubt a great factor in the wide distribution of the fungus,
once it occurs. On the fly itself short conidiophores may be
found producing secondary conidia.

Reproduction by conidia appears to be the only form of
generation, as we are still uncertain as to the occurrence of a
resting-spore stage in this species. Winter (1881) states
that he found resting-spores in specimens of M. domestica
ocenrring indoors; they also produced conidia which he
identified as K. musc@. These azygospores measured
30-50 u in diameter, and were produced laterally or termin-
ally from hyphae within the infected fly. Giard (. ¢.) describes
resting spores which were produced externally and on
specimens found in cool situations.  Brefeld, however, is of
the opinion that . musc@® does not produce resting-spores.
The question of the production of resting-spores needs further
investigation, as it is one of some importance. In the absence
of confirmatory evidence it is extremely difficult to understand
how the gap in the history of the Empusa, between the
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domestice described by Burnett and the Cercomonas
muscarnm of Leidy. For this form figured by Stein, a new
genus, Herpetomonas, was institnted by Kent (1880-81),
and it is taken as the type-species. It was not until the
economic importance of certain of the hamo-flagellates was
recognised that other flagellates, including H. muscee-
domesticse, received further attention, and then Prowazek
(1904) described with great detail the development of this
species. In the previous year Léger (1903) had given a short
aceount of it, and since Prowazek’s memoir Patton (1908,
1909) has given short preliminary accounts of his study of
the life-history. The accounts of both these authors differ in
several respects from that of Prowazek, as will be shown. I
have examined a very large number of the contents of English
specimens of M. domestica, but, with one or two doubtful
exceptions, unfortunately I have been umable so far to
discover any of these flagellates in my film preparations.

The foll-grown flagellate (VIII) measures 30-50 u in
length. The body is flattened and lancet-shaped, the pos-
terior end being pointed and the anterior end bluntly rounded.
The alveolar endoplasm contains two nuclear structures. In
the centre is the large *f trophonucleus™ (fr.); it contains
granules of chromatin, but is sometimes difficult to see. Near
the anterior end the deeply staining rod-shaped “ kineto-
nuclens’ (blepharoplast of many authors) (k.) lies, usnally in
a transverse position. The single stout flagellum, which is a
little longer than the body of the flagellate, arises from the
anterior end, near the kinetonucleus. Prowazek describes the
Hagellumm as being of a double nature and having a double
origin ; this, which is a mistaken interpretation, is repeated
by Lingard and Jennings (1906).

This mistake, as pointed out by Léger and Patton, is due to
the fact that the majority of the adult flagellates have the
appearance of a double flagellum, which represents the
beginning of the longitudinal division of the flagellate (VI).
Patton (1908) figures a stage in H.lygwi with the double
flagellum, and Léger (1902) in a similar stagein H. jaculum,
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parasitic in the gut of Nepa cinerea, from which figures it
may be understoad how the mistake has avisen. Through
this misinterpretation Prowazek was led to consider that the
parasite was of a bipolar type, in which the body had been
doubled on itself so that the two ends came together and the
flagellum remained distinet. The flagellam, according to
Léger, is continned into the ecytoplasm as a thin thread,
which stains with difficulty, and terminates in a double
granule above the kinetonucleus ; this double granule is no
doubt the “diplosome” of Prowazek. According to the
latter anthor another deeply staining dounble thread (s.t.),
that appears to be spirally coiled, runs backwards from the
kinetonuclens and terminates posteriorly in a distinet granule,
shown in fig. VIIL

The flagellates congregate in the proventriculus or in the
posterior region of the intestine, where they become united
by their anterior ends to form rosettes. Prowazek states that
in the rosette condition the living portion of the flageliate
resides, as 1t were, in the long tail-like process.

Patton divides the life-cycle of H. muscm-domestica
into three stages—the preflagellate, flagellate, and post-
flagellate. The last two are common, but the first stage 1s
not common, and Prowazek appears to have overlooked it.
For convenience 1 have deseribed the flagellate stage first,
and the process of division in this stage is simple longitudinal
fusion. The nueclei divide independently, and the kineto-
nuclens usually precedes the trophonuclens. The latter
undergoes a primitive type of mitosis, in which Prowazek
recognised eight chrosomes (VII). The flagellum divides
longitudinally, and each of the two halves of the kineto-
nucleus appropriates one of the halves with its basal granule.

The preflagellate stage, which Patton (1909) describes,
nsunally occurs in the masses which lie within the peritrophic
membrane.! They are round or slightly oval bodies (I), their
average breadth being 55 u. The protoplasm is granular and

! T assnme that Patton refers to this membrane by the term * peri-
tricheal membrane.”
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their way into the ovaries, where they undergo auntogamy
and infect the subsequent brood.

In Madras Patton found that 100 per cent. of the flies were
infected with the flagellate ; Prowazek found it in 8 per cent.
of the flies at Rovigno. In the cold season in the plains
(India) Lingard and Jennings (l.e.) found the flagellate in
less than 1 per cent. of the flies examined; in the hills
(Himalayas), at an elevation of 7500 feet, the flagellates were
most numerous during the hottest season of the year, and
gradually decreased in number to October and November,
when none were discovered.

Oue of the chief points of interest in connection with this
flagellate is its similarity to the ‘ Leishmann-Donovan ™
body, the parasite of kala-azar, as it was this resemblance
that prompted Rogers (1905) to suggest that the latter
parasite was a Herpetomonas, which I think Patton has
now conclusively proved to be the case, and he calls it
Herpetomonas donovani (Laveran and Mesnil).

Crithidia Muscae-domesticae Werner.

This parasite has been recently described by Werner (1908),
who found it in the alimentary tracts of four out of eighty-two
flies. It measures 10-13 u in length, the length of the body
being 5-7 u and the flagellum 5-6 u. As in other members
of the genus Crithidia, which is closely allied to Herpeto-
monas, the breadth of the body is great compared with the
length, and the kinetonucleus and trophonuclens are rather
close together. A short, staining, rod-like body lies between
the kinetonucleus and the base of the Hlagellum, The flagellom
is single. Dividing forms undergoing longitudinal division
were frequently found. The kinetonucleus appears to divide
first, followed in succession by the flagellum and the tropho-
nucleus, Forms undergoing division and showing a single
trophonuecleus and double kinetonucleus and flagellum were
also found. Cases ocenrred in which the fission began at the
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head of 8. ealecitrans; this larva measured 1'6 to 2 mm. in
length. Generali (1886) described a nematode from the
common fly, which he calls Nematodum spec. It is
highly probable, as my friend Dr. A. E. Shipley has suggested
to me, that Generali’s nematode and the F. musce of Carter
are identical. Diesing (1861) created the genus Habronema
for the Filaria museca of Carter, and his description is
practically a translation of Carter’s original description.
Piana (1896) describes a nematode from the proboscis of M.
domestica, which, in the ocenrrence of the male and female
genital organs in the same individual, he says, resembles
Carter’s nematode. He finds that at certain seasons of the
year and in certain localities it is very rarve, while at others it
may ocecur in 20-30 per cent. of the flies. The larva, after
fixation, measured 2'68 mm. in length and 0°08 mm. in breadth.
It was eylindrical and gently tapering off at the extremities,
with the mouth terminal,

Out of the many hundreds of flies which I have dissected I
have only found two specimens of this nematode (fig. 18). From
the descriptions given by Carter and Piana and the figures of
the latter I feel convinced that their specimens and mine are
the same species, called by Diesing Habronema musca
(Carter). It is linear, cylindrical, tapering gradually towards
both ends. The anterior end is slightly rounded, having the
mouth in the centre. I am unable to confirm the presence of
the four papillee which Carter describes as a little distance
from the mouth, nor are they figured by Piana. The cuticle
is very faintly marked with transverse striations. The
common genital and anal orifice is situated at a short distance
from the posterior end of the body, which tapers off slighly
more than the anterior end and terminates in a small dilated
extremity, which is covered with minute spines (fig. 19). My
specimens appear to be immature adult forms, not having
reached sexual maturity, The species measures 2 mm. in
length and 004 mm. in breadth, The specimens that I
obtained were situated in the head region, between the optic
ganglia and the cephalic air-sacs, from which position they






(142)
STRUCTURE, DEVELOPMENT, AND BIONOMICS OF HOUSE-FLY. 383

Nuttall (1. ¢.) records a personal communication of Stiles,
who placed the larvie of Musca with female Ascaris lum-
bricoides, whichlthe}f devoured together with the eggs
contained by the nematodes. The larvee and adult flies con-
tained the eggs of the Ascaris, and as the weather at the
time of the experiment was very hot the Ascaris eggs
developed rapidly and were found in different stages of
development in the insect, thus proving, as Nuttall points
out, “that the latter may serve as disseminators of the
parasite.” 'I'hese experiments of Grassi and Stiles show that
flies can act as carriers of the eggs of these parasitic worms,
and that man conld be infected by the fly depositing its
excreta on his food, or being accidentally immersed in food
as flies frequently are.

VII. Tae DissemmvaTion or Parrocenic ORGANISMS BY
Musca DOMESTICA AND 118 NON-BLOOD-SUCKING ALLIES.

Although M. domestica is unable to act as a carrier of
pathogenic micro-organisms in a manner similar to that of
the mosquito, so far as we know at present, nevertheless its
habits render it a very potent factor in the dissemination of
disease by the mechanical transference of the disease germs.
These habits are the constant frequenting and liking for
substances used by man for food on the one hand and excre-
mental products, purnlent discharges, and moist surfaces on
the other. Should these last contain pathogenic bacilli, the
proboscis, body, and legs of the fly are so densely setaceous
(see fig. 20) that a great opportunity occurs, with a maximum
amount of probability, for the transference of the organisms
from the infected material to either articles of food or such
moist places as the lips, eyes, ete. As I have already pointed
out (1907), M. domestica is unable to pierce the skin, as
certain persons have suggested. The structure of the pro-
boscis will not permit the slightest piercing or pricking
action, which faet eliminates such an inoculative method of
infection. It is as a mechanical carrier, briefly, that M.






(144}
STRUCTURE, DEVELOPMENT, AND BIONOMICS OF HOUSE-FLY. 385

1. Typhoid Fever.

Of all infections diseases the conditions in this are most
favourable for the transference of infection by M.domestica,
and it is no doubt on this aceount that the greatest attention
has been paid to the r6le of hounse-flies in the dissemination
of this disease. The chief favourable condition i1s that the
typhoid bacillus ocenrs in the stools of typhoid and incipient
typhoid cases. Human excrement attracts flies not only on
account of its moisture but as sunitable food for the larve.
The infected excrement is often accessible to flies, especially
in military eamps, as will be shown shortly, and the flies also
frequent articles of food and not infrequently the moist lips of
man. Such are the conditions most snitable for the transfer-
ence of the bacilli, and it is on account of the frequent
coincidence of these conditions that flies can play, and have
played, such an important réle in the dissemination of this
disease among communities, in spite of the fact that the
typhoid bacillus cannot survive desiccation, which I think 1s
an argument against its being carried by dust.

Fpidemiological and other evidence.—There is a
very large amount of testimony given as to the role played
by flies in the spread of enteric in military stations and camps,
and especially during the two wars—the Spanish-American
and the Boer War. All the conditions most favourable for
the dissemination of the bacilli by flies were, and in many
military stations are still, present; open latrines or filth-
trenches accessible to flies on the one hand and on the other
the men’s food within a short distance of the latrines. I
cannot do better than repeat the evidence in the words of the
witnesses and allow it to speak for itself.

Vaughan, a member of the U.S. Army Typhoid Commis-
sion of 1898, states ;!

“ My reasons for believing that flies were active in the dis-

semination of typhoid fever may be stated as follows :

' In a paper, * Conclusions Reached after a Study of Typhoid Fever
among American Soldiers,” read before the American Medical Asso-
ciation at Atlantic City, N.J., in 1900,
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experienced the effects of flies, were even better than these.
He said (Deut., Ch, xxiii, v. 12-13) : “Thou shalt have a
place also without the camp whither thou shalt go forth
abroad ; and thou shalt have a paddle [or ‘shovel '] among
thy weapons; and it shall be, when thousittest down abroad,
thou shalt dig therewith, and shalt turn back and cover that
which cometh from thee.”

Sternberg is of the opinion that typhoid fever and camp
diarrheea are frequently communicated to soldiers through
the agency of flies, “which swarm about fecal matter and
filth of all kinds deposited upon the ground or in shallow pits,
and dirvectly convey infectious material attached to their feet
or contained in their exereta to the food which is exposed
while being prepared in the common kitchen, or while being
served in the mess-tent.”

Veeder (1898), in referring to the conditions existing in the
camps of the Spanish-American war, says that in the latrine
trenches he saw * faecal matter fresh from the bowel and in
its most dangerous condition, covered with myriads of flies,
and at a short distance there was a tent, equally open to the
air, for dining and cocking. To say that the flies were busy
travelling back and from between these two places is putting
it mildly.”  Fuorther, hie says, © There 18 no doubt that air
and sunlight kill infection, if given time, but their very access
gives opportunity for the flies to do serious mischief as con-
veyers of fresh infection wherever they put their feet. In a
very few minutes they may load themselves with the dejee-
tions from a typhoid or dysenteric patient, not as yet sick
enough to be in hospital or under observation, and carry the
poison so taken up into the very midst of the food and water
ready for use at the next meal. There is no long and round-
about process involved. Itis very plain and direct. Yet when
the thousands of lives are at stake in this way the danger
passes unnoticed, and the consequences are disastrous and
seem mysterions until attention is directed to the point ; then
it becomes simple enough in all conscience.”

The Commission which investigated the outbreaks of
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enteric fever that occurred in 1898 in the United States
during this war came to the conclusion that ““ flies undonbtedly
served as carriers of the infeection” under the conditions
which have already been deseribed. Many other authorities
bear witness to the same facts.

In our own South African war, a year or two later, the
same conditions existed, and there was a very heavy loss of
life from enteric fever. Writing on the subject, Dunne
(1902) says: “The plague of flies which was present during
the epidemic of enteric at Bloemfontein in 1900 left a deep
impression on my mind, and, as far as I can ascertain from
published reports, on all who had experience on that oceasion.
Nothing was more noticeable than the fall in the admissions
from enteric fever coincident with the killing off of the flies
on the advent of the cold nights of May and June. Tn Jul ¥,
when I had oceasion to visit Bloemfontein, the hospitals there
were half empty, and had practically become convalescent
camps.” A similar experience is related by Tooth (1901).
Referring to the réle of flies he says: “ As may be expected,
the conditions in these large camps were partienlarly favour-
able to the growth and multiplication of flies, which soon
became terrible pests. 1 was told by a resident in Bloem-
fontein that these insects were by no means a serious plague
in ordinary times, but that they came with the army. It
would be more correct to say that the normal number of flies
was increased owing to the large quantities of refuse upon
which they conld feed and multiply. They were all over onr
food, and the roofs of our tents were at times black with
them. It is not unreasonable to look upon flies as a very
possible agency in the spreading of the disease, not only
abroad but at home. It is a well-known fact that with the
first appearance of the frost enteric fever almost rapidly
disappears. . . . It seems hardly credible that the almost
sudden cessation of an epidemic can be due to the effect of
cold upon the enteric bacilli only. But there can be no doubt
in the mind of anybody who has been living on the open
veldt, as we have for three or four months, that flies are ex-
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tremely sensitive to the change of temperature, and that the
cold nights kill them off rapidly.” In the discussion on this
paper Church stated that “ many nurses told me that if one
went into a tent or ward in which the patients were suffering
from a variety of diseases, one could tell at once which were
the typhoid patients by the way in which the flies clustered
about their mouths and eyves while in bed.” It was further
stated in the discussion that where the Americans used quick-
lime in their latrines the cooks in the neighbouring kitchens
found that the food became covered with quicklime from the
flies which came from the latrines to the kitchens.

Dr. Tooth, in a letter to me, says: “ I am afraid my written
remarks hardly express strongly enough the importance that
I attach to flies as a medium of spreading infection. Of course
I do not wish to under-rate the water side of the question,
but once get, by that means, enteric into a camp the flies, in
my opinion, are quite capable of converting a sporadic incidence
intoan epidemic. A pure water supply is an obvious necessity,
but the prompt destroction of refuse of every deseription is
every bit as important.”

Smith (1903), in speaking of his experiences in South
Africa, says that: “ On visiting a deserted camp during the
recent campaign it was common to find half a dozen or so
open latrines containing a feetid mass of excreta and maggots.”
Similar observations were made by Austen (1904), who, de-
scribing a latrine that had been left a short time undisturbed,
says: “A buzzing swarm of flies would suddenly arise from it
with a noise faintly suggestive of the bursting of a percussion
shrapnel shell. The latrine was certainly not more than one
hundred yards from the neavest tents, if so much, and at meal-
times men’s mess-tins, etc., were always invaded by flies. A
tin of jam incautiously left open for a few minutes became a
seething mass of flies (chiefly Pycnosoma chloropyga
Wied), completely covering the contents.”

Howard (1900) referring to an American camp, where no
effort was made to cover the ficces in the latrines, says: “ The
camp contained abont 1200 men, and flies were extremely
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infantry, and he shows how this affects the incidence of enterie
fever. In the British Avmy in India, 1902-05, the ratios per
1000 per annum of cases admitted were : cavalry 41°1, and
infantry 15'5; and in the U.S. Army were: cavalry 574,
and infantry 4:75. He states that : A study of the incidence
of enteric fever shows that stations where there are no filth
trenches, or where they are a considerable distance from the
barvacks, all have an admission-rate below the average, and
all but one less than half the average.”

All these facts are equally applicable to the conditions in our
own towns and cities. Where the old conservancy methods are
used, such as pailsand privy middens, the incidence of typhoid
fever is greater than in those places where the system of water
disposal has been adopted. I have examined the annual
reports of the medical officers of health of several large towns
where such conversions are being made, and they show a
falling-off of the typhoid fever-rate coincident with this
change. In Nottingham, for example,! in the ten years 1887-
18906, there was one case of typhoid fever for every 120 houses
that had pail-closets, one case for every 37 houses with privy
middens, and one case for every 558 houses with water-closets.
The last were scattered, and not confined to the prosperous
districts of the town.

One of the most important investigations on the relation
of flies to intestinal disease was that of Jackson (1907).
He investigated the sanitary condition of New York
harbour and found that in many places sewer outfalls had not
been carried below low-water mark, consequently solid matter
from the sewers was exposed on the shores, and that during
the summer months on and near the majority of the docks
in the city a large amount of human excreta was deposited.
This was found to be covered with flies. The report, consi-
dered as a mere catalogue, is a most severe indictment against
the insanitary coundition of this great water front. By means
of spot-maps he shows that the cases of typhoid ave thickest

' “Typhoid Fever and the Pail System at Nottingham,” * Lancet,’
November 20th, 1902, p. 1489,
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legs and bodies of flies which had been allowed to have access
to infected material. Hamilton (1903) recovered Bacillus
typhosus five times in eighteen experiments from flies caught
in two undrained privies, on the fences of two yards, on the
walls of two houses and in the room of an enteric fever
patient. A series of careful experiments were made by
Sellars! in connection with Niven’s investigations on the
relation of flies to infantile diarrheea. Out of thirty-one
batches of house-flies carvefully collected in sterilised traps in
several thickly populated distriets in Manchester he found,
as a rvesult of cultural and inoculatory experiments, that
bacteria having microscopical and cultural characters resem-
bling those of the Bacillus coli group were present in four
instances, but they did not belong to the same kind or
variety. Buchanan (1907) was unable to recover the bacilli
from flies taker from the enteric ward of the Glasgow Fever
Hospital. Flies were allowed to walk over a film of typhoid
stool and then transferred to the medium (Grinbaum and
Hume’s modification of MacConkey’s medium), and subse-
quently allowed to walk over a second and a third film of
medinm. Few typhoid bacilli were recovered and none from
the second and third films. Sangree (1899) performed
somewhat similar experiments to those of Buchanan and re-
covered various bacilli in the tracks of the flies. This method
of transferring the flies immediately from the infected material
to the culture plate is not very satisfactory, as I have already
pointed out (1908), as it would be necessary for the flies to
be very peculiarly constructed not to carry the bacilli. The
fly should be allowed some freedom before it has access to the
medinm to simulate natural conditions. Experiments of this
kind were carried out in the summer of 1907 by Dr. M. B.
Arnold (saperintendent of the Manchester Fever Hospital)
and myself. - Flies were allowed to walk over a film of
typhoid stool and then were transferred to a wire cage, where
they remained for twenty-four hours with the opportunity

' Recorded in the * Report on the Health of the City of Manchester,
1906, by James Niven, pp. 86-96,
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of cleaning themselves, after which they were allowed to walk
over the films of media. Althongh we were unable to recover
B. typhosus the presence of B. coli was demonstrated.
B. coli was also obtained from flies obtained on a public tip
upon which the contents of pail-closets had been emptied; the
presence of B. coli, however, may not necessarily indicate
recent contamination with human excrement. Aldridge (1.c.)
isolated a bacillus apparently belonging to the paratyphoid
group from flies caught in a barrack latrine in India doring
an outbreak of enteric fever. In appearance and behavionr
to tests it was very similar to B. typhosus.

Although we are not certain yet as to the specific organism
or organisms which cause the intestinal disease known as
infantile or summer diarrheea, which is so prevalent during
the summer months and is responsible for so great a mortality
among young children, T think we must consider the relation-
ship of M. domestica and its ally Homalomyia cani-
cularis to this disease epidemiologically similar to typhoid
fever.

2. Anthrax.

In considering the relation of flies to anthrax several facts
should be borne in mind. As early as the eighteenth century
it was believed that anthrax might result from the bite of a
fly, and the idea has been used by Murger in his romance
‘Le Sabot Rouge.” A very complete historical account of
this is given by Nuttall (1899). Most of the instances in
support of this belief, however, that flies may carry the
infection of anthrax, refer to biting flies. As I have already
pointed out, M. domestica and such of its allies as H.
canicularis, C. erythrocephala, C. vomitoria, and
Luecilia ceesar are not biting or blood-sucking flies. The
nearest allies of M. domestica which suck blood in England
are S. calcitrans, Hematobia stimulans Meigen, and
Lyperosia irritans L.; the rest of the blood-sucking flies
which may be considered in this connection belong to the
family Tabanidw, including the common genera Hama-
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lopota, Tabanus, and Chrysops. These biting and blood-
sucking flies live upon the blood of living rather than dead
animals. But it is from the carcases and skins of animals
which have died of anthrax that infection is more likely to
be obtained, and I believe that such flies as the blow-flies
(Calliphora spp.), and sometimes M. domestica and
Lucilia cwesar, which frequent flesh and the bodies of dead
animals for the purpose of depositing their eggs and for the
sake of the juices, are more likely to be concerned in the
carriage of the anthrax bacillus and the causation of malig-
nant pustule than are the blood-sucking flies. Consequently,
as M. domestica and its allies only are under consideration,
and for the sake of brevity, the relation to anthrax of the
non-biting flies only will be considered here.

The earliest bacteriological evidence in support of this
belief was published by Raimbert (1869). He experimentally
proved that the house-fly and the meat-fly were able to carry
the anthrax bacillus, which he found on their probosces and
legs. In one experiment two meat-flies were placed from
twelve to twenty-four hours in a bell-jar with a dish of dried
anthrax blood. One guinea-pig was inoculated with a pro-
boseis, two wings and four legs of a fly, and another with &
wing and two legs. Both were dead at the end of sixty
hours, anthrax bacilli being found in their blood, spleen, and
heart. He concludes: “ Lies mouches qui se posent sur les
cadavres des animaux morts du Charbon sur les dépouilles,
et s’en nourissent, ont la faculté de transporter les virus char-
bonneux déposé sur la peau peut en traverser les différentes
couches.” Davaine (1870) also carried out similar experi-
ments with C. vomitoria, which was able to carry the
anthrax bacillus. Bollinger (1874) found the bacilli in the
alimentary tract of flies that he had canght on the carcase
of a cow dead of anthrax. Buchanan (l.e.) placed C.
vomitoria under a bell-jar with the carcase of a guinea-pig
(deprived of skin and viscera) which had died of anthrax.
He then transferred them to agar medium and a second agnr
capsule, both of which subsequently showed a profuse growth
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ance of the epidemics were coincident with the fly-season.”
Buchanan (1897), in a deseription of a gaol epidemic of cholera
which ocenrred at Burdwan in June, 1896, states that swarms
of flies occorred abount the prison, outside which there were a
number of huts containing cholera cases. Numbers of flies
were blown from the sides where the huts lay into the prison
enclosure, where they settled on the food of the prisoners.
Only those prisoners who were fed in the gaol enclosure
nearest the huts acquived cholera, the others remaining
healthy.

Bacteriological evidence.—Maddox (1885) appears to
have been the first to conduct experiments with a view to
demonstrating the ability of flies to carry the cholera spirillam,
or, as it was then called, the “ comma-bacillus.” He fed the
flies C. vomitoria and Eristalistenax (the “drone-fly”’)
on pure and impure cultures of the spirillum, and appears to
have found the motile spivillum in the feeces of the flies. He
concludes that these insects may act as disseminators of
cholera. During a cholera epidemic Tizzoni and Cattani
(1886) showed experimentally that flies were able to carry the
“ gomma-bacillus ™ on their feet. They also obtained, in two
out of three experiments, the spirillum from cultures made
with flies from one of the cholera wards. Sawtchenko (1892)
made a nomber of careful experiments. Flies were fed on
bouillon culture of the cholera spirillum, and to be certain
that the subsequent results should not be vitiated by the
presence of the spirillum on the exterior of the flies, he dis-
infected them externally and then dissected out the alimentary
canal, with which he made cultures. In the case of flies
which had lived for forty-eight hours after feeding, the
second and third cultures represented pure cunltures of the
cholera spirillum.  Simmonds (1892) placed flies on a fresh
cholera intestine, and afterwards confined them from five to
forty-five minutes to a vessel in which they could fly about.
Roll cultures were then made, and ecolonies of the cholera
gpirillum were obtained after forty-eight hours. Colonies
were also obtained from a fly one and a half hours after having
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numbers in the intestines of flies from a hospital ward, and
also in the dejections which occurred on the windows and
walls of the ward. Hoffmann (1886) also found tubercle
bacilli in the excreta of flies in the room where a patient had
died of tuberculosis, and he also found the bacilli i the
intestinal contents. One out of three guinea-pigs which were
inoculated with the intestines died ; two noculations with the
excreta had no effect, which led him to believe that the baeilli
became less virulent in passing through the alimentary tract.
But Celli (l. ¢.) records experiments in which two rabbits
inoculated with the excreta of flies fed with tubereular sputum
developed the disease, Hayward (1904) obtained tubercle
bacilli in ten out of sixteen cultures made from flies which
had been caught feeding on bottles containing tuberculous
sputum. Tubercle bacilli were also recovered from cultures
made from the feeces of flies which had fed in the same
manner, which apparently caused a kind of diarrheea in the
flies, and they died from two to three days afterwards.
Faces of flies fed on tubercular sputum were rubbed up in
sterile water and injected into the peritoneal cavity of guinea-
pigs, which developed tuberculosis. Buchanan (1. ¢.) allowed
flies to walk over a film of tubereular sputum and then over
agar ; a guinea-pig died of tuberculosis in thirty-six days by
imoculating it with the resulting culture.

5. Ophthalmia.

Flies have been suggested as playing an important part in
the spread of conjunctivitis, especially Egyptian ophthalmia,
and although, so far as I have been able to discover, we have
no bacteriological evidence in favour of the belief, the circum-
stantial evidence is sufficiently strong to warrant it.

In speaking of its occurrence at Biskra, Laveran (1880)
says that in the hot season the eyelids of the indigenous
children are covered with flies, to the attentions of which
they submit; in this way the infectious discharge is carried
on the legs and probosces of flies to the healthy children.
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against the spread of the infection by flies, or the same would
apply to the typhoid bacillus, whose carriage by flies is
proven. Axenfeld mentions L. Miiller and Lakah and Khouri
as advocating the view that flies may spread the infection
more readily. In view of the fact that, as the same author
states, “ Koch-Weeks conjunctivitis is to be classed with the
most contagious infectious disease which we know of,” it is
important that the réle of flies should be fully recognised.
Notwithstanding the occurrence in this conntry of flies in less
numbers than in such countries as Egypt, it would be well to
bear in mind the probable influence of flies in cases of acute
conjunctivitis, such as those deseribed by Stephenson (1897)
in our own country. The sole difference between the disease
in Bgypt and here is, as Dr, Bishop Harman points out to me
in a letter, that “ the symptoms produced (in Egypt) arve, from
climate and divtiness of the subjects, more severe, and that
there is found a greater mumber of cases of gonorrheeal
disease than in England”; and, I would add, a far greater
number of flies. This disease is eminently suited for dissemi-
nation by flies, both on account of the accessibility of the
infectious matter in the form of a purulent discharge from
the eyes and on account of the flies’ habit of frequenting
the eyes.

6. Plague.

Although fleas are considered to be the chief agents in the
dissemination of the plague bacillus in spite of the fact that
the proof is mnot uabsolutely convineing, it is nevertheless
interesting, and certainly not unimportant, to refer to the
series of experiments of Nuttall (1897) on M. domestica.
In these experiments he conclusively proved that flies were
able to carry the plague bacillus, and that they subsequently
died of the disease. Flies were fed upon the crushed organs
of animals which had died of plague. Control flies were fed
in & similar manner on the organs of uninfected animals, and
the control experiments were kept under the same conditions.
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APPENDIX D 186

which can be suggested as a result of the study of the
breeding habits is the periodical and regular removal of the
horse-manure at iitervals not exceeding seven days. The
use of insecticidal substances could mot be satisfactorily
supervised, apart from the fact that there would be a great
risk of their not being wholly efficacious. The periodic
removal of the breeding places could be regulated. The
same method of procedure should also be adopted with
respect to the other breeding places such as kitchen refuse,
the keeping of which in perfectly closed receptacles should
be enforced as also the periodic emptying of the same within
seven days in the summer months, The substitution of
modern methods of water-carriage for the older conservancy
methods in privies, ete., will abolish a very common breeding
place and also a common source of infection. The destruc-
tion of refuse by public and other destructors instead of its
deposition on ‘tips’ would decrease a common breeding
place. In a few words, the prohibition of the exposure and
the frequent periodic removal of the substances in which
Musca domestica has been shown to breed are the methods to
be employed to bring about its numerical reduction and a
diminution of its liability to bacterial infection.

In addition, such substances as milk, sugar, ete., to which
flies are attracted, should be kept covered, and flies should
not be allowed to come into contact with any food substances
nor with the faces of young children or persons who are ill
but should be prevented from doing so by means of muslin
or other screens.

XVI. APPENDIX D.

A FURTHER PARASITE OF THE HOUSE-FLY
(MUSCA DOMESTICA),

In a series of papers, of which the first only has appeared,
Girault and Sanders (1909) are describing a number of
















































