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PREFACE.

—

For all who are interested in tropical medicine, the rdle
played by insects in general, and of the Culicide in par-
ticular, in the transmission of disease, is a subject of rapidly
increasing importance.

The researches of Manson, in China, of Banecroft, in
Australia, and lastly, of Major Ronald Ross, I.M.S., in
India and Africa, have rendered an exact knowledge of the
habits and classification of the Culicide of as great moment
to the student of tropical medicine, as those of the bacteria
are to the investigator of the more common diseases of the
world in general.

The literature of the subject 1s, however, scattered
throughout the scientific periodicals of many languages, and
is necessarily quite inaccessible to men who must neces-
sarily conduct their researches far from all libraries and
museumns.

The connection of gnats with the transmission of malaria
and filariasis may now, I think, be accepted as proved.
The series of specimens shown me by Major Ross appears
to me, as far as malaria 1s concerned, perfectly convincing
on this point for any one who 18 famihar with the general
data of helminthology ; but as yet, the capability of acting
as the intermediate host of malarial parasite 1s established
for but one or two species of the genus Anopheles, and a
wide field of investigation is opened out in the determina-
tion of what species can, or can not act as vehicles of the
disease, and in the observation of the habits and life-history
of such species as prove to be obnoxious in this respect.






Preface Vii.

referred to by original authority and reviser be the same,
but the latter is at least morve likely to be correct on such a
point than the average amateur naturalist, and for the
specialist, there is seldom any difficulty in consulting the
original works. In the case of some of the longer descrip-
tions, the phraseology has otcasionally been curtailed of
some of its redundant verbiage, but the majority are given
in full. TIn some cases, I have added additional notes, based
on an examination of the collections of the British Museum,
and of the Paris Jardin des Plantes, and I must here express
my grateful appreciation of the kindness and helpfulness I
have met with from the authorities of these two great
institutions, and to none more than to Mr. Austen, the
Dipterologist of the British Museum, and to M. Robert du
Buysson, of the Entomological Department of the Jardin des
Plantes.

It will, T hope, be remembered that this is the first
attempt to collect the deseriptions of the entire family, and
that, on this account, it is only to be expected that a certain
number of descriptions should be overlooked. In a few
cases, I have been unable to obtain, in England, the deserip-

- e e,

tions of certain species to which I have references, and

doubtless others have escaped notice. :

To facilitate the identification of specimens a table of the
characters of the various species of each Genus has been
drawn up, and each description is prefaced by a short
diagnosis enumerating the characteristics that determine

1ts position on the table, and distinguish it from its neigh-

bours. All deseriptions, including the conventional short
Liatin diagnosis, have been translated into English, and as
publications in no less than eight languages have had to be
consulted, it is, I fear, not improbable that some inaccu-
racies, due to my imperfect acquaintance with the majority
of them, may have crept in.

There is little doubt that, in many cases, more than one
description refers in reality to a single species, but on this


















A UEHEAENIDIE GO K

OF THE

GNATS OR MOSQUITOES

PART I—GENERAL

CHAPTER I.
On the Position and Terminology of the Culicidz.

WITHOUT entering into minute detail, it may be well to
premise that the Culicide belong to the Order of Diptera
or two-winged insects, in which the hinder of the two pairs
of wings of the typical insect are absent as such, and are
represented only by a pair of small club-like bodies, the
halteres or balancers. All the members of this Order
undergo a complete metamorphosis, i.e., they are hatched
as worm-like larve, and after attaining, as to size, if not as
to form, the dimensions of the adult insect, and under-
going several changes of skin, they cease to eat. undergo
profound anatomical changes, and become nymphs or pupe,
and, finally, by a last change of skin, they emerge from the
pupa case as the externally, entirely different Unago, or
adult insect.

The Diptera are divided into two Sub-orders, the Orthor-
rapha and the Cyclorrhapha, according to the method by
which the pupee escape from the larval skin. In the former
the rupture is in the form of a T-shaped rent, and the larva
15 “ encephalous,’ i.e., has a more or less perfectly developed
chitinous head ; in the latter, the pupse escape by a circular
opening and the larva has no chitinous first segment, but is
quite acephalous. Tt is obvious that this division, though
associated with fundamental structural differences, is of

1






POSITION AND TERMINOLOGY OF THE CULICID.E )

Confining our attention to the true Nematocera, the
Oulicide may, for practical purposes, be easily distinguished
from the other families by two very obvious characters.
The first of these is the possession of the long, suctorial
proboscis, which differs markedly from the mouth parts of
any msect likely to be confused with them ; and the second
18 that in all, the veins of the wings are fringed with scales
like those of butterflies and moths. Tt is true that the
wings of certain genera, such as Molopheles and Rypha-
cophua have the veins of the wings scaly, but even in the
former the scales are very elongated, while in the latter
théy are more of the character of hairs, and in both the
general arrangement of the scales is of a shaggy and ir-
regular character as compared with that of the Culicide,
apart from which they present unmistakable differences in
the venation of the wings.

The family that is most easily confused with the Culi-
cide is the Chironomide or midges, which not only frequent
very much the same situations, but in general form so
closely resemble the gnats that they can scarcely be dis-
tinguished by the naked eye; but this family has neither the
long proboscié nor the scaly wing veins, and a moment’s
. examination with a lens suffices to distinguish them.

Those who wish to follow more closely the question of
the classification of the Nematocera are recommeded to
consult Mr. F. V. Theobald’s ““ Account of British Flies,
which 1s not only very plainly written, but appears more
up to date than most of the accessible works on the subject
" 1n the English language. Although as yet it is, unfortu-
nately, not completed, it contains a most handy synopsis of
the genera of the Order, and will, therefore, be most useful
to anyone commencing the study of any group of Diptera,
even in tropical regions, for it must be remembered, that
the Dipterous fauna of India, and most other tropical parts,
remains to be written, so that a Imnw]edge of the general
principles of the classification can only be gained from
Furopean and American works.

Hitherto I have treated the terms Culicide, Mosquitoes,
and gnats as synonymous, and the present work is confined
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Cerato-pogon. American Mosquitoes belong to the genera
Culex and Simulium ; that of Cuba, according to Desvoidy,
15 & Culex; in Brazil, the Mosquito is a small Simulium,
sharing the honour with a Culex (C. molestus), according
to Pohl and Kollar. From the West Coast of Africa, I
have had several kinds of Mosquito sent, including one
or two Culicide, but some were midges. It will thus be
seen that the term is no guide to the family of insects to
which any given ‘Mosquito ’ belongs. In any case, they
.all belong to families which are found in greatest abundance
in swampy places.”
In almost all cases it is the female alone that attacks
man and animals, an exception being noted in the case of
C. salinus by Ficalbi, in his description of that species; but,
however bloodthirsty they may be, it is obvious that they
must mainly depend on other nourishment than blood, for
these insects are commonest in just the places where air-
breathing vertebrates are most uncommon. In England,
and probably in other parts of the world, gnats may be seen
feeding upon the nectar of flowers, and here it is certainly
their usual food, a fact I have often verified by personal
observation; but Mr. Theobald has also seen C. ciliaris
} sucking the juices of small Diptera. The peculiarity of

the females alone being addicted to blood-sucking is shared
with the Tabanide or gad-flies, whose males, too, live
entirely on the juices of flowers.

Coming now to the question of terminology, it may first
be observed that the terms used by Dipterologists, are
generally the same as those used by entomologists generally,
with such modifications and additions as are required by the
special peculiarities of the Order. Unfortunately, neither
among the former nor the latter is there any agreement
as to the terms-employed. It would be impossible, in any
moderate compass, to cover' even the practice of the best
known authorities, and it is therefore only practicable to
transcribe the views of a single author on this subject,
whose work has been selected because, without expressing
any preference for it over that of others, it represents, 1
think, better than that of any other author what may be
called the average practice in the matter,
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frontal stripe (vitta frontalis). On the crown are the
simple eyes (ocelli), which, however, are absent in the
Culicide, but in the majority of Diptera are usually three
in number and forming a triangle, sometimes on a sharply
defined triangular space, the ocellar triangle (friangulum
ocelle). Most of those Diptera which undergo their meta-
morphosis within the larva skin possess, immediately
above antennwm, an arcuate- line, impressed, which seems to
separate from the front, a small, usually crescentis piece,
the frontal crescent (lunula frontalis). The impressed line
itself, which continues over the face nearly as far ds the
border of the month, is called the frontal fissure (fissura
Jrontalis).. It owes its origin to a large bladder-like
expansion, which exists at this place in immature imagines,
and which helps them in bursting the pupa case. The
frontal fissure is, of course, the true anterior limit of the
front, and the frontal crescent in fact belongs to the face ;
however, on account of its usual situation, it is commonly
considered as part of the front. In many genera the eyes
of the males meet on the front, so as to divide it into two
triangles, the upper of which is called the vertical triangle
(trianguwlum verticale), the inferior, the anterior frontal
triangle (friangulum frontale anterium) or simply the frontal
triangle. The anterior portion of the head, reaching from
the antennw to the oral margin (peristomium) is called the
face (facies). Inmost Diptera, it is divided into three parts
adjoining each other, the limits of which depend on the
situation of the frontal fissure, continued to the oral margin,
occupies in the developed imago. The form, and mutual
proportion in size, of these parts are of the highest value
in the classification and distinction of species. Beneath
the antenn® there are, in many Diptera, longitudinal
grooves for their reception, the antennal furrows ( Sfovew
antennales). The antenne lie in these while in the pupa
case, and sometimes even after escape. That part of the
head which lies on the side beneath the eves 18 called the
cheek (gena). The compound eyes are sometimes encom-
passed in a greater or less portion of their circumference
by a ring, somewhat swollen, and separated, more or less
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Diptera 1s exclusively designated by that name, while other
names are given to the pro- and metathorax, when some
particular part of them has to be characterised. The pro-
thorax, being generally very little developed, sometimes
forms a neck-like prolongation which bears the head, and
is then called the neck (collum). Sometimes the fore
corners of the mesothorax or shoulders (humert) are covered
by a lobe of the prothorax (lobulus prothoracis humeralis)
distinctly separated from the mesothorax:; but it is not
. uncommon for this to be soldered to the mesothorax so
that no distinet limit is perceptible, except by differences of
colour and armature : in which case, it is called the shoulder
callosity (callus hwmeralis). Sometimes also the prothorax
is closely applied to the anterior border of the mesothorax,
and has then the name of the collar (collare). The meso-
thorax frequently also has a transverse furrow (sutura
¢ransversalis) crossing the middle of its upper side, and
ending, on each side a little before the base of the wing :
its presence or absence, as well as its form, furnishes
characters of importance in classification. On each side
of the plewra or * breast-side” there is, beneath the
shoulder, a spiracle belonging to the prothorax (stigma
prothoracis). To the back of the mesothorax applies the
scutcheon (scutellum), separated from it by a furrow.
Beneath the scutellum a part of the metathorax is to be
seen called the metanotum, generally descending obliquely,
often very convex, and on each side, a more or less inflated
space, called the lateral callosity of the metanotum. The
poisers (halteres) have their origin beneath this callosity,
and before each is placed the stigma of the metathorax.
In many Diptera these are protected by membranous covers
placed above them, and called covering scales (tegulw s.
Squame).

The abdomen is the third of the principal parts of the
body, but the word often is applied to the dorsal side only,
the under side being called the belly (venter). Its seg-
ments, as in other Orders, are counted from before bacls ;
but the anterior ones are often soldered together, while
the posterior ones are stunted and concealed, Much cantion
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impossible to reduce them to a common type, but on eloser
inspection they may all be reduced to a general plan, which
is seen in its simplest form in the Muscide.

The framework of the neuration is formed by the
longitudinal veins (vene longitudinales), which are con-
nected with each other by the transverse veins or venules.

The longitudinal veins spring from four trunks issuing
from the base of the wing. The first and fourth being
the least developed, the second and third must be taken
as the main trunks, and their branches consequently as the
‘main longitudinal veins of the wing. From the anterior of
these two (the second) spring three branches, the anterior
of which, or first longitudinal vein, runs parallel to the
anterior border of the wing and joins it at a greater or less
distance from the tip. The second, originating from the
first generally before the middle of the wing, reaches the
anterior border nearer the tip. Similarly the third longi-
tudinal has its origin from the second. Three trunks spring
also from the other (third) main trunk, which, counting
from before back, are called the fourth, fifth, and sixth
longitudinals.

The hindmost branch of the anterior and the foremost
of the posterior main trunk, i.e., the third and fourth
longitudinals, about the middle of the wing are connected
by a transverse vein, the vena transversa minor s. media.
Using this transverse vein as a starting point, we can
have no doubt about the position of each of the six main
longitudinal veins. -

The remaining veins lie as follows:—The first of the
four main frunks continues along the anterior border of the
wing; it either runs round the entire border, attenuating
towards its end, in which case it is called the vena mar-
ginalis, or it only reaches as far as the fourth or third, or
even the second or first longitudinal vein, and is then
generally called the costal (vena costalis s, costa) ; but both
these expressions may be used as identical. The costal
vein 1s sometimes interrupted in one or more places, thus
forming several successive portions, a structure most charac-
teristic of certain families. Besides the costal a second vein
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main trunk at one point only. As frequently, however, it is
the fifth that forms the continuation, and in some families,
all three appear with equal distinetness as its branches.
Between the fourth and fifth longitudinals there are in
general two transverse veins, which divide the space
between them into three areas. The first of these trans-
verse veins 15 called the anterior basal (vena transversa
basalis anterior, s. venula basalis anterior), the absence of
which is characteristic of certain families including the -
Culicide. The second is usually the largest of the trans-
verse veins, and is of great systematic value. Tt is called
the posterior transverse, or vena transversa posterior sive
venula posterior, and is represented in that family.

Not unfrequently another vein starts from its middle
and runs to the border of the wing, but it cannot be counted
as a longitudinal, and so is called the anterior intercallary
(vena intercalaris anterior). It must not be confounded
with a branch, which springs, in some Diptera, from the
hinder side of the fourth longitudinal before its tip.

Near the base of the fifth longitudinal rises the posterior
basal transverse (vena transversa basalis posterior s. venula
basalis posterior), usually a short transverse vein running to
the sixth longitudinal, but often meeting it only at a later
portion of its course at a very acute angle; or even failing to
meet it and reaching the border of the wing free. In any
case it divides the space between the fifth and sixth
longitudinals into ftwo parts. In several families, another
vein, the posterior intercallary (vena intercalaris posterior),
arises from the fifth longitudinal, immediately beyond the
posterior basal transverse and runs to the border of the
wing ; but sometimes it meets the fifth before reaching the
border of the wing.

Behind the sixth longitudinal are the branches of the
fourth trunk. They are entirely wanting in many Diplera,
and in the Culicide are represented only by an indistinct
incrassation of the wing membrane unprovided with fring-
ing scales, and in most are only rudimentary, only one, or
at most, two weak branches being represented, and these
not reaching the border of the wing. When present they
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basal transverse vein; and the third belongs to the second
posterior set of sections, and is bounded on its outer border
by the posterior transverse basal. They may be called the
anterior middle and posterior basal cells, When however,
the posterior basal transverse, instead of joining the sixth
longitudinal, runs to the border of the wing like a longi-
tudinal, it is difficult to find a suitable name, and though
the term is ill-chosen it will be well to retain the name
of “anal” for this cell, as it is too well established to be
easily altered. TIts use is often extended to cases where
the hinder basal, though closed, is exceptionally long owing
to the posterior transverse basal vein being placed unusually
far out. In certain families there is a great and symmetrical
development of the three basal cells, and in such cases they
are often denominated the cellule ternate, but though
expressive enough, it is clearly a surperfluous nomenclature.

Another important cell is the discoidal, which is placed in
the middle of the three areas into which the space between
the fourth and fifth longitudinals is divided by the anterior
basal transverse and posterior transverse veins, When the
anterior basal transverse is wanting, which is characteristic
- of many families and genera, this cell coalesces with the
second basal, which must then be considered as part of the
discoidal cell ; if, on the other hand, the posterior transverse
vein be wanting there is no discoidal cell at all.

In those Diptera which possess the anterior intercallary
vein, occasionally the part of the posterior fransverse
situated before or behind the mtercallary is wanting. In
such cases the existence of a discoidal cell is assumed, and
it is considered as open in front in the former, and behind
in the latter instance.

The distal portions of the middle space between the
two main trunks, and of the posterior sections, are called
the posterior cells, and are numbered from before bacl,
beginning with the former. Although, strictly speaking,
there are but three such cells, they may be subdivided by
intercallary veins, and by, the fourth longitudinal emitting
& hinder branch, so that the total number may reach six,
and the established usage is to number them consecutively,
divisions and sub-divisions indifferently.
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THE ANATOMY OF THE MOSQUITO 23

certainly a very exceptional arrangement. The articulation
between the first and second antennal joints is capable of
very free motion, so that at this point the entire organ can
be moved to a considerable angle in any direction, while the
extent of mobility between the latter and the succeeding
ten joints is much more limited. From the second to the
twelfth pieces inclusive, the joints closely resemble each
other, forming a moniliform series of short cylindrical
pieces of a length but little exceeding their thickness.
From the base of each springs a verticil of hairs, numerous
(about forty) and long in the &, and shorter and fewer in
the ?. It is more than probable that these hairs in the @
are really chordotonal, auditory organs, as there is no doubt
that they respond to the note of the female wings, and it
is the function of the male in these insects to seek out the
female, but the acceptance of this does not involve that of
Johnston’s theory of a tympanic function for the basal joint.
The last two joints greatly exceed the others in length,
forming together much more than a third of the entire
length of the organ. The basal verticil of the penultimate
is well developed, but that of the last is ill-developed,
and both are closely covered with short, downy hairs, and
exhibit also certain pits and specialised hairs which
probably are sense organs, olfactory, tactile, &e. For
further defails on the sense organs of insects, the reader
1s referred to Liubbock’s work, already quoted. Projecting
from the middle of the head (vide Plate V., fig. 10), below
the antennse, is the characteristic probosecis which, a.-lthough'
it at first sight appears to be merely a cylindrical, trunk-like
projection, is really a very complex organ, being composed of
no less than nine separate pieces. The organ springs from a
sort of groove on the lower aspect of the head, through the
mtervention of a flexible membrane, which admits of a certain
amount of protrusion and retraction as well as of flexion and
extension in the vertical direction. In the first place, the
front of the head 1s prolonged into a longstyliform organ, the
labrum or upper lip which extends nearly to the tip of the
organ. Beneath it and lodged in its groove is a long,
pointed cannula, the hypopharynx, forming a sort of exten-






THE ANATOMY OF THE MOSQUITO 29
thorax, and the fact that the three arve fused together into
& single rigid mass, makes it not altogether easy to make
out the lines of division between the component parts.
Viewed from above, almost all that is visible is the tercum
of the mesothorax, but in the genus Psorophora a portion
of the prothorax ean be made out in the form of a pair of
lateral protuberances, the shoulder callosities, and on either
side of the scutellum, which appertains to the mesothorax,
can be seen, even in the extended insect, a portion of the
better developed metathorax, while in flexion, the whole
width of its tergum can be easily seen. On the pleural
aspect, however, the. three component segments ave easily
distinguishable by the fact that each gives origin to a pair
of legs, the cox® of which guide the eye to the correspond-
Ing portion of the thorax., Just in front of the root of the
coxa of the front leg can be seen, in the great majority of
species, an oblong or oval scale, which covers the stigma,
of the prothorax. In the genus Psorophora of Desvoidy
this stigma is much — even more completely protected,
while i Megarhina they are especially large but quite
unprotected. _

The stigma of the mesothorax 1s also well developed, and
can easily be made out just in front of the origin of the
wings ; but those of the metathorax, on the other hand, are
generally difficult to make out and may be atrophied. From
the propleura springs the coxa of the front leg, and between
it and that of the middle leg is a comparatively large area
of mesoplewra. This latter is more or less divisible into
three areas, one of which carries the stigma ; the second the
middle leg, and the third and hindmost the wings. HFrom
the metapleura springs the coxa of the hind legs, and above
1t may be seen the halteres or poisers, a pair of small, club-
like organs, consisting of a delicate stem terminating in
a pear-shaped head, which is considered to represent the
rudiment of the hinder wings of other orders of Diptera.

There appears to be good reason for regarding these
modified wings as sense organs, for although mere rudiments,
as far as their original functions are concerned, they are
supplied by one of the largest nerves in the body, and have
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an accessory claw while the other is simple, and it is excep-
tional for the claws of all three pairs of legs to agree in form.
Varying as they thus do, there can be no doubt but that the
form of the claws would, if generally noted, be capable of
furnishing valuable specific indications ; but though valuable
notes on this point have been made by Ficalbi, and also by
Arribilzaga, information on this point is wanting in the
great majority of species, and the circumstance that it is
mmpossible to properly make them out without mutilating
a specimen by mounting the legs for the compound micro-
scope tends to render these characters not so useful as others
for the practical purposes of classification. The legs are
always thickly elothed with scales, and in one or two species
of the genus Sabethes of Desvoidy, the sides of the tibism
and tarsi of certain legs are provided with lateral fringes of
long hairs so as to form a sort of paddle-shaped expansion.
The third division of the body or abdomen is the longest
of the three, but is much more slender than the thorax, Tt
18 more or less cylindrical, but depressed, being broader than
deep, and 1s composed of nine segments, none of which are:
provided with locomotor appendages, although the last bears
a pair of jointed appendages which serve as the external
organs of generation. Each segment is composed of a dorsal
and a ventral rather rigid, chitinous plate, united at the
sides by a softer membrane in which are placed the stigmata
or external respiratory apertures. The anterior segments
closely resemble each other, except the first, which is a good
deal shorter than the rest. The last three, however, are
shorter and diminish rapidly in width; and the last two are
specially modified to accommodate the apertures of the
digestive and reproductive systems, the anus being placed
on the ventral aspect of the eighth segment, while the
tergum of the ninth is quite invisible in the usual position
of the insect, and all that can be seen of it are two lobed
appendages, thickly clothed with hairs and scales, and not
showing any very prominent difference in the two sexes.
In both they consist of a pair of ulive-shaped protuberances,
but in the male, instead of ending in a simply rounded,
bristly extremity, they have articulated to each a strong
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aperture in the base of the occiput to enter the thorax,
where it becomes dilated into a sort of muscular gizzard,
which opens behind into a simple transparent tube, the
cesophagus. Into the cesophagus, a little behind its com-
mencement, open three structures, wviz., the aspiratory
vesicle and the salivary and poison glands..

These and the rest of the digestive apparatus may
easily be demonstrated by dissection in the following
manner :—Take a specimen, and place it on a slide with a
little salt solution, and carefully remove the legs and wings.
Next tear open the thorax, so as to loosen the anterior
attachment of the tube, and then carefully partially detach
the last two abdominal segments by separating the delicate
intersegmental membrane. Now place one needle so as to
fix the last two segments, and with the other entangled in
the thorax pull steadily on the anterior portion, when the
alimentary canal and its appendages will be drawn out
intact attached fo the hinder fragment. If the operation be
successful even the eesophagus and salivary glands will be
included in the preparation, but, as a rule, the tube is torn
just behind the latter, so that they and the suctorial bulb
are left attached to the thorax.

Assuming however the preparation to prove a complete
one, we find it commences with a narrow tube, which
presently expands into a thickly walled, gizzard-like dilata-
tion, which is supposed by some to be the apparatus where-
by is exercised the suctorial power of the insect. Behind
this 1s a short, constricted portion, which opens in its turn
into a long, wide, soft-walled tube, the chylific ventricle or
stomach.

Immediately after its commencement, the @sophagus
receives the ducts of three structures. Of these the two
smaller are the two salivary glands, which consist of a pair
of short cmecal tubules. These are somewhat broader at
their free blind extremities than at their point of attach-
ment to the cesophagus, and are lined with g glandular
epithelium consisting of rounded or cuboidal cells. In
addition to the salivary glands proper a third gland, of very .
similar structure, can be made out. This ig the poison
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lower tension existed within the intestinal canal in the
thorax. It does indeed appear not impossible that the
peculiar, melon-like buccal bulb contained within the head,
already noticed, might be capable of exercising some
such function, but no such hypothesis is in any way
necessary to account for the suctorial powers of the insect,
as, in view of the extreme tenuity of the canal through
which the food of the amimal is drawn, capillarity alone
1s amply suffieient to account for the facts of the case.
Moreover the Culicide are by no means the only suctorial
insects, and whatever its function, no such structure is
found in other suctorial families, and unless we regard
the crop for storing pollen of the Syrphide as of the
same character, it is quite unique among the Diptera.
For these reasons, T am disposed to regard this peculiar
structure as having either a pneumatic function, or being
in some way connected with respiration.

After a short course, the wsophagus opens into the
stomach, which forms by far the largest part of the
intestinal canal. It is of considerable width throughout,
but especially so at its hinder end. Throughout its
entire length it is thrown into deep transverse folds,
which recall somewhat the wvalvule conniventes of the
higher animals, and probably serve the same purpose of
mereasing the seeretory area. In insects that have but
recently emerged from the pupal stage some remnants of
the last predatory meal of the larva may occasionally be
seen, but in the well - established imago plant juice or
blood will alone be found. Lastly, succeeding the broad,
hinder part of the stomach, comes the hind gut, and running
into the junction of the two are seen opening four long,
convoluted, dark-tinted glandular bodies, the Malphigian
tubes. These are supposed to have an excretory funetion,
and as uric acid and other renal products have been found
in them, the balance of opinion regards them as renal
organs. They are lined with a series of large nucleated
cells, the profoplasm of which is exceptionally rich in pig-
ment and granules. These cells are arranged in a some-
what peculiar fashion, for as they are too large to admit
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nated insect, are contained mainly in the last abdominal
segrment, and lie obliquely in it on either side of the middle
line, their distal extremities being supported by a sort of
libament springing from the common fibrous lining of
the segment. They contain a large number of soft closely-
packed ova in various stages of development, those nearest
the opening of the oviduct being the most advanced. They
are richly supplied with trachew, supplied from the stiomata
of the penultimate segment, as well as with large nerve
threads from the last abdomimal ganglion. The ovaries
communicate with the common oviduct by means of a short,
transparent, funnel—slmjped tube, and this latter is a short
transparent canal, which, commencing in the junction of
the funnels of the ovarian ducts, runs straight backwards
without convolution or deviation from the middle line, to
open between, and at the base of, the ovipositors. Just
before its external termination, it receives on either side
the ducts of three small glandular bodies, each consisting of a
spherical glandular portion and a short neck or duct. They
ave filled with an opaque white fluid, which appears black
to transmitted light, and, in the opinion of Arribdlzaga,
serve alike as spermothec@ and as accessory glands for the
production of the gunmmy fluid which cements together the
eggs to form the masses in which they are deposited.

After impregnation, the ovaries increase greatly in size,
the contained ova attaining such dimensions that the entire
abdomen appears filled with them ; and indeed, in pregnant
insects the outline of the ova, which are relatively of
exceptionally large size, can often be made out on external
mspection of the abdomen. When nearly ripe for expulsion
they appear to be united in groups consisting of from four
to six rows. Hach egg is a somewhat elongated body, one
of the poles of which is clear, while the other is granular
and semi-transparent, and 1s provided with a sort of club-
shaped appendage.

The male generafive organs consist of a pair of small
yellowish bodies, the testicles, from which the sperm is
carried by the vasa deferentia, which are simple straight
tubes, to the ejaculatory duct which originates in their
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deseribing species, as it is probable that their form, number
and position may yield good specific characters. - The great
preponderance of the mesothoracic segment is already well
marked, though not to anything like the same extent as
in the imago,

Proceeding with the examination of the living larva, the
first thing that catches the eye arve four pairs of what at
first sight appear to be pigment spots. A little watching,
however, suffices to show that these are not really external
markings, but internal organs seen through the transparent
carapace, and that thewr position is constantly altering under
the action of the surrounding thoracic muscles, and of the
pulsations of the dorsal vessel. Examined with a some-
what higher power, they are seen to be glandular bodies
of a sacular form, lined with secretory cells, their cavities
being filled with a clear fluid, holding in suspension a
quantity of deep brown granular matter. These glands are
connected with the upper end of the intestine, and are
probably hepatic in funetion. In the dead, or preserved
and mounted larva, they soon become invisible, owing to
the discharge of fhe contained brown matter into the
intestine.

These glands are arrauged in two sets, an internal and
an external, the former of which consists of two glands
placed so closely together as often to look like a single mass,
and situated nearly in the middle of the thorax, close to the
ntestinal canal. The other two pairs are placed at a dis-
tance from the intestine, in the corners of the pro- and
metathorax respectively. In the middle line the dorsal
vessel can be seen pulsating, the action being rather that
of a peristaltic wave than a true systole, the heart being
here a long, valved tube, corresponding rather to an aorta
than to a heart in the usual acceptation of the word.

More or less in the middle line, too, its coarser image
often obliterating that of the delicate, superjacet dorsal
vessel, is the stomach, or chylific ventricle, its opacity
varying with the fulness of its contents; and on either
gside may be seen the dilated thoracic portions of the
respiratory trachese, which are easily distinguishable by the



. ; ; .
s ; J
i I
1 A . . d .




THE ANATOMY OF THE LARVA 41

Digestive System.—Apart from the gnathites or foot-jaws
which, although of the ordinary masticatory type are rather
complex organs, the intestinal canal is of the simplest form,
consisting of a narrow eesophagus, which leads into a wide,
perfectly straight tube, commonly spoken of as the stomach,
which extends to the end of the sixth abdominal segment.
Into its thoracic end open the ducts of the hepatic glands,
which have already been sufficiently described, and into its
distal, where the tube contracts before the commencement
of the rectum, open the five Malphigian tubules, which are
slender tubular glands, differing in no way from those of the
adult. Lying close to the cesophagus in the thorax are the
two salivary glands, but they are not easy to demonstrate,
except in section, and the same remark applies to the rectal
glands, which lie beside the rectum in the last segment.
The mouth parts consist of an upper lip or labrum, in the
form of a convex crenated plate, armed with numerous
hairs, and a longer and narrower lower lip, or labium, of
somewhat similar structure. Between these are placed the
two pairs of foot-jaws, the mandibles above and the maxillae
below. Hach mandible consists of a somewhat pyriform
plate, the wider end of which forms an articulation with the
lateral structures of the mouth ; while the narrower end is
formed into a rather complex set of dentations divided into
two groups, the anterior of which are small and claw-like,
and mainly adapted for holding the prey, while the hinder -
set are better adapted for cutting and crushing. The
appendage is further provided with brushes of peculiarly
formed hairs, and has, about the middle of the anterior
border, two large jointed processes or hairs which probably
are tactile or gustatory in function. The maxilla is a plate
of somewhat quadrangular outline, the anterior border
being curved and its corners rounded off. It is richly pro-
vided with hairs, some of which have a curiously compound
structure, and, from its inner and posterior corner there
projects a short, three-jointed maxillary palp in the form of
a truncated cone, the extremity of which is armed with
minute spines. The above description should suffice to
enable the dissector to recognise the various parts, but it
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body, while those of the pro- and mesothorax are of
insignificant size. The abdomen is cylindrical, and is
very distinctly separated into nine segments, which inerease
in length, while they diminish in breadth from before back.
The lateral tufts of bristles of the three anterior segments
are exceptionally large, but the hinder ones are very small.

On the dorsal surface of the eighth segment are a pair of
simply formed spiracles, which can be withdrawn beneath
a fold of skin when the insect requires to protect their
openings. The last segment carries the four anal tubercles,
which, as well as the tail-fans, are rather less developed
than in Culexz. Although arranged on the same general
plan within the body, the tracheal system is much less
developed, the main longitudinal trunks being of very
ordinary size, and quite without hydrostatic dilatations
in any part of their course.

The pupa differs from that of Culex only in the respira-
tory trumpets being shorter and more squarely cut at the
end. It may be distinguished from the pupa of Moch-
lonyz by the fact that the eighth instead of the seventh
abdominal segment 1s disproportionately long. In the
particular species examined by Meinert the pupa, like the
larva, is grass-green, but this coloration is not universal
in the genus.

Genus Corethra.—The species examined by Meinert
were C. plumicornis, and C. pallida. The larve of this
genus differ markedly from those that have been already
described, and resemble those of the Chironomide rather
than any of the Culicide. These larvae are well known
as favourite objects for microscopic demonstration of
“pond organisms,”’ and are generally known as ‘“ glass™ or
““ erystalline ” larvee on account of their extreme trans-
parency, which is broken only by the four darker, but
still transparent air sacs placed in the mesothoracic and
seventh abdominal segments respectively. The head is
much smaller than in any of the preceding genera, being
narrower than any other part of the body, except the last
two abdominal segments. Ifs hinder half is bounded by
straight parallel sides, as seen from above, but is contracted
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