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PREFACE.

Twenty-four years ago the writer began the publica-
tion, in the Bulletin of the Brooklyn FEntomological
Society, of a series of synoptic papers on the families and
genera of North American Diptera. Previous to that
time but seven of the sixty odd families had thus been
rendered accessible tothe American student in the works
of Loew and Osten Sacken. In 1888 these synopses
were revised and published, with others, in a pamphlet
of 88 pages entitled ‘Synopsis of the Families and
Genera of North American Diptera, exclusive of the
Nematocera and Muscide.” It contained tabular defini-
tions of about three hundred and fifty genera, all at that
time known from the United States in the families treated.
In the succeeding eight years the writer's acquaintance,
especially with the southern forms, had been so widened
that he attempted a similar review of all the North and
Middle American genera, aided by Professor Aldrich in
the Dolichopodidae and Mr. Snow in the Ortalidae. Re-
gretfully the very large and almost chaotic families
Dexiidz and Tachinide were not included. Eight hun-
dred and twenty-six genera were defined in this ‘second
edition’ more or less accurately, very nearly all of which,
save those of the Dolichopodida, had been studied by
the writer in its preparation. The continued use of this
work, both in America and abroad, has been very grati-
fying to the author, a use that has made him the more
desirous that a better and more complete edition should
be prepared, one that would be of greater service to the
amateur, whose interests have been paramount. For such
an edition the present time seemed opportune, since the
recently published catalogue of the Diptera of North
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Awmerica, by Professor Aldrich, a very meritorious work,
has lessened materially the labor of its preparation, and
must add to its usefulness. It was with some misgivings,
however, that the author undertook the no inconsiderable
task, since his studies for some years past have been
almost wholly in a widely different field from that of
entomology—vertebrate paleontclogy, a subject which,
indeed, has absorbed the larger share of his attention
for the past thirty years.

But, he would not have undertaken the task, save
upon the kind assurance of assistance and contributions
by several of the leading students of diptera in the United
States. ‘The chief progress during the last twelve years
has been in comparatively few families, the most of which
had been but indifferently well studied at the time of the
publication of the second edition; a progress in large part
due to the work of the present contributors.

Professor C. F. Adams has kindly aided in a large
part of the work, especially the Cyclorrhapha, though
the writer assumes all responsibility for changes and ad-
ditions not directly accredited to the several contributors.
Professor Adams has also furnished the tables for the
very difficult families Dexiidee and Taclinidee, omitted
in the previous edition. As in the former edition, the
characters and table of the Dolichopodidae are wholly
the work of Professor Aldrich; he has also generously
assisted in other ways, and it need not be said that, with-
out the aid of his Catalogue, the labor of revision would
have been greater, and the results less satisfactory.
Mr. C. T. Brues, who has given so much critical attention
to the singular family Phoridze, has furnished the char-
acters and table of that family; one needs to compare his
table with that of the former edition to see how much has
been done in that group. Professor James Hine has re-
vised the characters and table of the Tabanidase. Professor
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0. A. Johannsen has furnished a new table of the Chiro-
nomidz. Professor V. L. Kellogg has done the same for
the Blepharoceridze, and has revised the family charac-
ters. Professor A. I.. Melander has treated the Empididee
anew; and Professor C. H. T. Townsend has generously
criticised the figures of the Dexiidz and Tachinidze, and
has furnished important notes on many of the genera.
T'o all these gentlemen the author tenders his sincerest
thanks, not only on his own part, but also on the part
of those who will have occasion to use the work.

At the outset it was not contemplated to give many
illustrations, chiefly such as would be explanatory of
the more impcrtant characters. In the end more than
six hundred genera have been defined more or less fully
and decisively by nearly one thousand figures. Of these
figures all these cf the Dolichopodidae and the first plate
of those of the Tachinidee were furnished by Professor
Aldrich. Mr. Brues has furnished the figures of the Phori-
dze, Professor Hine those of the Tabanidze, and Professor
Melander most of those illustrating the Empididee. Pro-
fessor Washburn kindly gave permission to use electro-
types of twenty-three figures prepared for his or the late
Professor Lugger’s reports on Minnesota Diptera. To
Professor Kellogg and Henry Holt & Co. the writer is
indebted for eight electrotypes of figures in Professor
Kellogg’'s American Insects; and to Professor J. B. Smith
his thanks are due for six figures of the Culicida, orig-
mally prepared for his Report on the Mosquitoes of New
Jersey. A {ew other figures have been copied from relia-
ble sources, where specimens were not easily accessible,

and are likewise crzdited in each case to its author. All
the remainder, whether drawings or photographs, more
than eight hundred in number, have been made by the
writer from specimens—a task which has involved many
months of labor, but which could not, in most cases, have
been safely entrusted to a professional draftsman.



6 NORTH AMERICAN DIPTERA.

To the authorities of the National Museum and Mr. D.
W. Coquillett, the writer is indebted for the communica-
tion of specimens of fourteen genera for purposes of illus-
tration. Finally he has to express his hearty thanks to
his friend and former colleague, Dr. F. H. Snow of the Uni-
versity of Kansas, for the free p2rmission to make use of
whatever specimens were needed in the rich collections of
that University—collections which include nearly all the
types of diptera from the United States describsd by
Townsend, Snow, Adams and the writer.

Since the preparation of the present edition was begun
has occurred the dzath of one whose name will ever be
honorably associated with American Dipterology, Dr. C.
R. Osten Sacken. The author can not forbear placing
on record here an earnest tribute of friendship and ad-
miration for the man, and unqualified appreciation of
his work as an entomologist. His constant encourage-
ment and kindly criticism during a correspondence of
more than twenty years have made this book, whatever
be its merits, possible; and the author only hopes that it
may be found not unworthy of association with his work.
It is with pain, also, that the author here records the
death, in early years, of his friend and student the late
Mr. W. A. Snow, who assisted in the preparation of the
Ortalidee of the former edition.

About twelve hundred genera are defined in the pres-
ent edition, with the exception of a few doubtful forms,
all those known from North and Central America and
the West Indies. That the definitions are wholly with-
out error is inconceivable. Whatever revision the book
may receive in the future must be left to others, and,
in taking final leave of it after these twenty-four years,
the writer will be pardoned in repeating the words of a
master, one whose works have served as models for this,
Rudolph Schiner:

‘Und so nebergebe ich denn diese meine Arbeit der Oeffentlichkeit
mit dem Wunsche, dass sie billigen Anforderungen entsprechen moege
und mit dem Heifue;,eu dass 1ich dem Urtheile unparteuwht.n Leser
mit voller HLrulnguug entgegensehe, da ich bewusst bin, bei Loesung
meiner Aufgabe mit .lllem Ernste und der groessten Gewissenh: aftig-

keit vogegangen zu sein.
SAMUEL W. WILLISTON.

UNIVERSITY OF CHICAGO, June, 1908,
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INTRODUCTION.

The order of two-winged insects known as flies or Dip-
tera includes more than forty thousand known species
from different regions of the world. Since many of the
species are small, or even minute, and inconspicuous,
and since the order as a whole has not received the at-
tention from collectors and students of entomology that
other and more attractive groups have, it is very certain
that many more await discovery. A very reasonable es-
timate would place the entire number of species of flies
at present in existence at more than eighty thousand.
From North America the recent catalogue of Aldrich
gives a list of about eight thousand species, distributed
in more than a thousand genera. The subject is a wide
one and replete with interest.

To the student beginning the study of this interesting
order of insects a few words of advice or caution may not
be superfluous. The present work can make no preten-
sions to completeness in the characterization of genera,
at least in the miajority of cases; that would require
a work many times larger than is the present one, and is
practically impossible at the present time. One must
not, therefore, depend entirely upon tables and figures
in the absence of other information and other assistance,
especially when he knows but few forms. If he does not
immediately succeed in securely locating his specimens

=
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he should not too hastily conclude that they are ‘new’.
Until he has acquired a considerable acquaintance with
different families, the work of classification may at times
be tedious, but by perseverance he can not fail to over-
come whatever obstacles families and genera may pre-
sent. He will be very much aided at the beginning by
having a tolerably large collection at his command with
which to make comparisons. Difficulties to the inexpe-
rienced will often disappear with positive evidence before
him, when negative characters would be doubtful. With
each genus in a family positively determined, the diffi-
culties and uncertainties of others will gradually disap-
pear. Better still if he has numerous species reliably
named with which to begin his studies. The present
writer in his entomological career had few if any species
or genera determined for him by others, and he well ap-
preciates how wasteful of energies was such a method,
at the time unavoidable. For full generic descriptions
of many, perhaps the larger part, of the North American
genera, the student will find a most valuable aid in
Schiner’s Fauna Austriaca, a work of which too much can
not be said in praise. The descriptions are remarkable
for their fullness, accuracy and simplicity, and, although
the work 1s forty years old, it has lost but little of its value.

To determine his species the student will need access
to a large number of books and papers, lists of which to
the present time will be found in Aldrich’s admirable
and indispensable Catalogue of North American Diptera,
published by the Smithsonian Institution. One must
not, however, let the forynidable lists frighten him. He
will not need them all to begin with, nor even the larger
part of them, and the earnest student can always be as-
sured of the sympathy and assistance of his fellow work-
ers. His earlier determinations, and those of the student
who is concerned chiefly in obtaining a broad general
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knowledge of the taxonomy of the diptera, may be con-
fined, for the most part, to those groups which have been
monographed, with full descriptions of genera and spe-
cies, and, if possible with numerous illustrations. Refer-
ences to the more important papers of each family will
be found in Aldrich’s catalogue.

Long before the student has reached the dignity of
‘independent research’, he will have learned who the
masters of dipterology are; who have shown the greatest
acumen in the discernment and use of classificatory char-
acters. It will not be invidious to distinguish above all
others Schiner, Loew and Osten Sacken as writers who
can not be too faithfully studied, too closely followed.
Not that they are infallible; none are. Indeed an error
of a master is often more instructive than the masterpiece
of a dullard. Omne must learn the values of charactersin
classification before he can be successful in instructing
others, or in making his discoveries known. And this
knowledge can only be acquired by long and faithful
study of living things and due reflection thereon. The
narrow systematic specialist i1s looked upon somewhat
askance by modern biologists, and rightfully too, but I
have no hesitation in saying, and it is the experience of
many years of study in different branches of natural his-
tory, that the right kind of systematic work calls for the
highest scientific powers of the student. I am aware that
some narrow specialists in other departments of science
will take exception to this statement, but I believe it and
say it for the encouragement of those who may be dis-
suaded from the earnest study of such creatures by the
flippant remark of the shallow minded. But a mere col-
lector of specimens, one who finds enjoyment in getting
the largest number and arranging them in serial form in
his cabinet is not necessarily a scientific student, though
he may have a very pleasant and useful pastime; his la-
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bors are scarcely more important than those of the micro-
tomist who cuts up frogs’ eggs and makes pictures of
them. There are no principlestoo deep, no speculations
too lofty to find application in such creatures as flies, the
too often proletarians of the professional entomologist
even.

Most emphatically I would impress upon all students
of dipterology who undertake the subject seriously, that
the greatest need of modern entomology 1s monographic
work. Nearly every family awaits the conscientious
monographer, and such work is that which lasts longest
and acquires most renown. The problems of distribution,
of relationship, of origin, of the effects of environments,
or the meaning and value of characters, can be satisfacto-
rily solved by critical monographic studies only. The
description of ‘new species’ as mere membra disjecta of
faunas, is scarcely worth the energies of the earnest and
careful student, certainly not as a life vocation, and none
else has any business to write at all. It too easily degen-
erates into a mere roll-calling, a catalogue of the permu-
tations of a few characters, increasing the difficulties for
real students who come afterward. The name that an
insect is known by is of trivial importance, and no one
cares who described it, unless he did it poorly. It will
be a fortunate thing when the search for ‘new species’
and the interminably haphazard making of ‘new genera’
is done. _ ;

Even a cursory glance at some of the tables further on
will convince the intelligent student that the real mean-
ing of many of the classificatory characters is yet imper-
fectly comprehended. But little attention has been paid
to homoplasy or ‘convergent evoluticn’, and as all true
classification must depend upon the proper use of genetic
characters, i1t 1s apparent that future revisions may ma-
terially modify our present conceptions of relationships



INTRODUCTION. I3

in many cases. I can offer no better example of this dis-
regard for phylogenetic and convergent evolution than is
shown in the proposed scheme of classification of the
Cecidomyide on later pages. The structure and use of
the organs of orientation,—theantennz and palpiespecial-
ly, the further comparative study of the ocelli and eyes,
the reasons for the evolution of the wing venation in ap-
parently different systems, the causes of the variations in
the patterns of coloration, the meaning more fully of the
different kinds of vestiture, etc., etc., all need much more
attention than has been given them by the systematist,
and it is he who is best qualified to solve such problems.

Onmne of the first questions that a novice in classification
asks is: What is a species, genus, family? The taxono-
mist's answer to the first of these queries is easy: A spe-
cies is a form of life with all its fertile variants. A mas-
tiff and a grayvhound are not distinct species of dogs,
because there exist all possible variations between the
two types, though both have bred true to themselves for
more than three thousand years. But a dog and a fox
are distinct species because there exist no varieties con-
necting the two. If no two specimens in a given form of
fly have precisely the same relative lengths of the anten-
nal joints, then the relative lengths of these organs is not
a specific character in that form. If, however, all the
specimens occurring in Massachusetts have a definite
relative length for each joint while theose in Kansas have
another, the first impression is that they belong to dis-
tinct species. If further discovery proves that, in cross-
ing the country between Massachusetts and Kansas, the
lengths gradually vary from one to the other, then we
must consider the eastern and western specimens as mere-
ly racial varieties of a single species. The systematist is
never troubled as to what a species is, if he has all the
material he wants.
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The answer to the second query, What is a genus? is,
however, a very different matter. Ordinarily we might
apply the same criterion, that groups of species gradu-
ally blending together should not be separated into two
or more genera. But this will not suffice, since, because
of the actual presence of the connecting links, the ex-
tremes may vary enormously, far more than in many cases
where the connecting links have disappeared, leaving
the extremes isolated into easily distinguishable genera.
Both convenience and the demands of relationships re-
quire here that such groups be broken up, though it may
and often does entail the result that such genera may be
ultimately distinguishable in their most allied species by
only trivial characters. But the temptation offered here,
especially to the narrow, perspectiveless specialist, is to
use those same boundary characters, or their equivalents,
as generic characters through the whole family, and the
result is an almost innumerable number of proposed di-
visions. As nearly every species of flies has some plastic
or structural distinguishing character, it is very evident
that we might ultimately reach the absurd result of mak-
ing species and gemnera coterminous. Between this ex-
treme and the other, the grouping of large numbers of
species into genera, all ¢f which can be distinguished by
decisive, if not important, structural characteristics, there
must be a happy mean. This mean, however, must de-
pend more or less upon the opinions of those best quali-
fied to interpret them. In other words I am tempted to
define a genus as being merely the personal opinion of its
proposer. By an excessive ‘splitting’ of genera, broader
relationships are lost sight of, and the tendency is inevit-
able to restore those evidences by the invention of new
group terms to express them. Perhaps no better exam-
ples of these tendencies are observable than in the more
recently propcesed classification cf the mosquitoes. For
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many decades systematists were satisfied to distribute the
known mosquitoes in a relatively small number of genera,
genera which could be defined by characters equivalent to
those used inthe allied families of diptera. Withthe great
impetus given to the study of these insects by the discov-
ery of their agency in the spread of disease, the genera
have been broken up into many new divisions, until sev-
enty or eighty are now recognized by some students of
the family. In the dearth of striking characters, those
of extreme minuteness have been resorted to, such as the
relative lengths and widths of the scales and their distri-
bution on the body; and even colorational characters
have been called in aid. The obliteration of relationships
thus brecught about has rendered the erection of numer-
ous subfamilies necessary, and it is even seriously pro-
posed to elevate the previcusly accepted subfamilies to
family rank, and the family Culicidee to a superfamily!
And I doubt not that some zealous confrere may yet se-
riously propose to consider the old family Culicidee as a
suborder! Possibly also, it may be necessary some time
in the future to have a quantitative chemical analysis of
a mosquito before deciding to which genus it may belong.
Now it is very apparent that the importance of the mos-
quitoes in man’s economy can have no value in classifica-
tion; that, if the happiness and welfare of every living
being were dependent upon the mosquitoes it could not
affect the classification of the family one whit; but some-
thing of the sort seems to have resulted.

I will admit that excessive ‘splitting’ of genera often
brings to light and tests many differential characters
which otherwise might long remain obscure. Neverthe-
less, convenience is an important end of classification, as
well as the expression of relationships. In days gone by
the profuse maker of genera was ridiculed and the results
of his labors were largely ignored; but I fear even Des-
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voidy’s shade would turn pale with envy in the contem-
plation of some of the proposed genera of the modern
culicidologists.

STRUCTURE OF FLIES.

The word diptera, by which the two-winged flies are
known, signifies two wings, the chief characteristic of
the adult insects. All diptera, if they have any wings,
have but a single pair. The hind pair of other insects is
really represented by a small organ on either side, back
of the true wings, consisting of a short, slender stem,
terminating in a knob. The precise function of these
‘halteres’ or ‘balancers’, as they are called, if they have
any, is not known ; thatthey have a secondarily acquired
use is probable, since they are always in vibration
during flight; an orienting or balancing function has
been ascribed to them. The halteres are very character-
istic of the order, always present in the winged forms,
and usually present even in those in which the true wings
are aborted or functionless, though rarely they are en-
tirely absent. Not all flies are winged, as has been al-
ready intimated; rarely, among both the more general-
ized and the more specialized groups they are imperfectly
developed or wholly wanting. Their absence is not of
very great classificatory importance, never more than
generic, and sometimes doubtfully that. Sometimes the
male has wings and the female is wingless; but the num-
ber of wingless forms of any kind is very small.

In size as well as in shape, flies vary not a little. As
compared with the lepidoptera, orthoptera, neuroptera,
and even the hemiptera, flies are relatively small insects.
The largest specimen of a fly of which I have knowledge
i1s that figured herewith natural size, pertaining to an
indeterminable species of AMydas from South America,
The length of this specimen from the tip of the antennz



Fig. 1. Mydas, species mdzt. Life size. (Brazil.)
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2. Acanthomera, species indet. Life size. (Venezuela,)
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to the extremity of the abdomen, is sixty-seven millime-
ters, or, omitting the antenneae, fifty-two millimeters; the
expanse of wings one hundred and seventeen millimeters,
or a little more than four and one-half inches. The
smallest dipteron that I have ever observed in the
examination of many thousand specimens and five
or six thousand species, is that of a cecidomyid measur-
ing a trifle less than one half millimeter, also omitting
the antennze. In other words, the Mydas is more than
one million times the size of the cecidomyid. Possibly
there are still greater discrepancies between the largest
and smallest specimens of the order, but in all prob-
ability not much. The largest insect known is one
allied to the dragon flies, an extinct Devonian species
which measured about fifteen inches in length. As-
suming that the bodily proportions of the largest and
smallest hexapods are not unlike, the extremes of size or
weight are more than four hundred millions apart. In
no single family of diptera are the differences in size
anywhere nearly so great as those between the mydaid
and cecidomyid. Seldom do the differences in linear meas-
urements in any one family exceed ten fold. Among
other families of diptera the tipulids, asilids, and especial-
ly the pantophthalmids, often furnish examples of large
size, while the tabanids, syrphids and cyrtids have not a
few forms of considerable size. The largest of all the
Cyclorrhapha will be found among the Calypterze, while
the Acalypterae are rarely much above the average in
size, and many are small, or very small.

Giantism in any group of animal life is a specialization,
and is, in general, an indication of approaching decadence;
enduringly small races are never the descendants of
giants, for decrease in size means lessened vitality and
incipient extinction. No strong or dominant group of
flies, like the Tachinidze, Dolichopodidee, Syrphide, or

3
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Bombyliidee, has ever had in the past a larger average
bodily size than is found among their living representa-
tives. Omn the other hand, those families composed to-
day chiefly of large forms are ones already past their
prime. These conclusions seem established for the larger
forms of life, and I believe that they are in the main also
applicable to insects.

Many curious resemblances of external form are ob-
servable among diptera belonging to widely different fami-
lies and of remote relationships. Some of these, perhaps
many, have a protective value, in flies of like habits; or
they may have been the results of like environmental
conditions.

Ceria. ~ Ceriomydas. Conops.

Fig. 3. Examples of mimetic resemblances in flies. Ceria (Syrphidae);
Ceriomydas (Mydaidae); Conops (Conopidae). Slightly reduced.

In figure 3 are given photographs of three wasp-like
flies of very different families and of considerable size,
all of them associated in the same fauna, and curiously
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resembling each other; several others equally striking
might have been associated in the same group.

The habits of flies are very diverse. Many are prop-
erly spoken of as flower flies—that is, insects whose sub-
sistence, for the most part or entirely, is obtained from
the honey or pollen of flowers, and the sweetened sap
of plants. Among these are many which are swift in
flight, spending most of their time during sunny hours
upon the wing or resting lightly upon leaves and flowers;
they all love the warmest sunshine. Some mature flies
feed upon ordure or decaying material of whatever nature
it may be. Many others, including whole families like
the Asilidee, Dolichopodidee and Empididee, find their
subsistence in the juices of other insects, and are often
predaceous in the highest degree. Others, like the female
mosquitoes, blackflies and horseflies, are bloodsucking
in habit, though not exclusively so, and are often very
annoying to man and other warm-blooded animals. The
whole group of Pupipara, with the exception of the Brau-
lidee, are of this kind, living parasitically upon and suck-
ing the blood from mammals and birds. In the previous
edition of this work I expressed the opinion that, upon
the whole, the order of diptera is beneficial to man’s econ-
omy, since so many of its members, whether in the larval
or adult conditions, are either useful scavengers, destroy-
ing that which otherwise might cause distress, or prey
upon other and injurious insects. Since the publication
of that edition, however, the many marvelous and import-
ant discoveries of the parasitic habits of certain very
small protozoans which find their intermediary hosts in
certain flies, by whosz instrumentality they are trans-
mitted to man and some of his most valued domestic ani-
mals, will require the complete reversal of that opinion,
Yellow fever, malaria, and filariasis, transmitted in the
saliva of mosquitoes, and the fatal ‘sleeping sickness’
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(trypanosomiasis), likewise resulting from the predatory
bites of the tsetze fly, are among the most virulent or
widespread diseases of mankind. Perhaps we may justly
say that the order, so far as man is concerned, is the
most pestilential of all animal life.

In the larval condition the habits of flies are even more
diverse than are those of the adult insects. Brief refer-
ences to the larval habits will be found in the discussion
of the families. Suffice it here to say that the larve or
‘maggots’ of diptera are, for the most part, vegetable
feeders, but not a few feed upon living or decaying ani-
‘mal matter; and many are parasitic within the bodies of
other insects, whether larvee or adults, snails, reptiles,
birds and mammals, and possibly also amphibians and
fishes.

MORPHOLOGY OF DIPTERA.

In the following pages I endeavor to give such defini-
tions and descriptions of the mature insect as will enable
.., the student to understand and appreciate, not only the
“present work, but all other systematic works upon dip-
tera. I have not thought it desirable to consider at length
many interesting subjects connected with them, such as
their internal anatomy, embryology, larval habits, etc.,
as being rather apart from the chief object of the work—
an introduction or aid to the study of systematic dipter-

ology.

HEAD.

The head in diptera is very variable in shape, reaching
its most remarkable development in the Diopside and
Nycteribiidee. It is frequently more or less spherical,
but usually the posterior surface or occiput is flattened
or concave, giving a more hemispherical appearance.
The face is rarely produced into an elongated rostrum
or snout, and the front part may be produced into a con-
ical prominence. Its relative size is also variable, some-
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times distinctly wider than the thorax, at other times
small. In the Nycteribiidee it may be folded back into a
groove on the dorsum of the thorax, but with these ex-
ceptions, it is always attached to the thorax by a freely
movable neck. The taxonomic characters furnished by
the head are second omnly in importance to those of the
wings.

FEyes. 'The large compound eyes are present in all dip-
tera, save some Pupipara. In the majority of males,
especially of the Orthorrhapha, they are contiguous on
the upper side of the head, between the insertion of the
antennz and the hind margin, for a longer or shorter
distance; insects having such contiguous eyes are called
holoptic (Osten Sacken). In many males, however (all
the Acalyptera and several families of the Orthorrhapha,
as well as numerous genera of other families), and in
all females, with but few exceptions (certain Cyrtide,
Orphephilidze, Blepharoceridee, Bombylidae, Platype-
zidee, etc.), the eyes are separated more or less broadly
by the front: such insects are called dichoptic ( Williston ).
Rarely the eyes may be contiguous below the antennze,
or both above and below, as in certain cyrtids, etc. In
not a few flies, especially those of the aerial, bristleless
kinds, the upper facets of the eyes are larger and more
conspicuous than the lower ones, sometimes separated by
a distinct line, or even entirely divided. This peculiar-
ity is rarely seen in the female or even in the dichoptic
male, though the dichoptic Asilidee may have the anterior
facets somewhat enlarged in both sexes. Those flies hav-
ing such enlarged facets usually have the eyes in life
brilliantly and beautifully colored with green and purple
markings—markings often characteristic of the various
species, and the general pattern even of the genera.
Unfortunately such markings are obliterated by dessica-



5 NORTH AMERICAN DIPTERA.

tion, though they may be somewhat revived temporarily
by the aid of moisture.

Most flies have the eyes bare, or pubescent only when
seen under high magnification. Not rarely, however,
the whole or part of the eyes is covered with erect short
pile, a character which usually, perhaps always, finds its
greatest development in the male sex. The pubescence
or pilosity may be sparse or dense, short or long, and is
usually, though not always, of generic importance.

Ocelli. On the upper part of the front in the middle,
between or a little back of the compound eyes, there are
three simple, small eye lenses, present in most diptera,
and called ocelli. They are by no means constant among
all the genera of some families, or even among all the
species of some genera. They are usually situated in
the form of a triangle with the apex in front; sometimes
they are located in a nearly straight line transversely;
or, the middle one may be rarely absent, and the other
two situated, one on each side, near the compound eyes.

Front. The space between the eyes in all dichoptic flies,
limited by the upper margin of the head and the line
drawn through the root of the antennee, is called the front.
It may be wide or narrow, excavated or convex, etc.

Vertex. 'T'he uppermost part of the front, near the mar-
gin of the oceiput, which 1s here called the verfical margin.

Vertical triangle. 'The triangle at the upper part of the
head, between the eyes in holoptic flies. It bears the
ocelli, which may be situated on a triangle indicated by
grooves or depressions or colorations, called the ocellar
triangle.

Frontal triangle. 1In holoptic flies, the triangle between
the eyes and the root c¢f the antennze, the apex of which
1s above. Sometimes the term is applied to a triangle
indicated by color or depression in the dichoptic front.

Ptilinwm. Inthe Cyclorrhapha an inflatable organ ca-



pable of being thrust out through the frontal suture just
above the root of the antennge, and which i1s used by the
imago in springing off the cap to the puparium when
about to extricate itself.

Frontal lunule. An oval or crescentic space just above
the root of the antenne in cyclorrhaphous flies, bounded
by the frontal suture.

Epistoma or Peristoma. ‘The oral margin and an indefi-
nite space immediately contiguous thereto; not often
now used.

Antennal fovea or groove. A groove or grooves in the
middle of the face, as though for the lodgment of the an-
tennae, bounded on the sides by the facial ridges.

Cheeks or ‘jowls'. 'The space back of the face and below
the eves.

Orbits. 'The space immediately contiguous to the eyes,
sometimes indicated by structural characters, at other
times indefinite. It is called facial, frontal, etc., from
the position.

Clypeus. A part of the mouth structure, often visible
below the margin of the mouth in front as a more or less
visor-shaped piece. :

IFig. 4. Mouthparts of female Yabanus. After Washburn. g, maxil-
lary palpus; #, mandible; ma-, maxilla; /4, labinm.
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MOUTH-PARTS.

The mouth-parts of diptera are wholly suctorial. They
differ not a little in different flies, as might be supposed
from their diverse habits. In some they are adapted for
piercing animal or vegetable substances, and are, in con-
sequence, firmer and more slender; in others, and by far
the greater number, they are short and soft, with a thick-
ened extremity used for the attrition of small particles of
solid substances. Grains of pollen have been observed in
the digestive organs of the Syrphidz and other flower
flies, but, as a rule, fluids only serve as food. Many have
the proboscis wholly retractile into the oral cavity, and
furnished with one or even two hinges, by which when at
rest it may be folded up. In others the proboscis is not
retractile, and projects either in front, or downward or
backward, beneath the body. While it is usually short,
it may be much longer than the body. Finally, a few
species have the mouth-parts vestigial and take no nour-
ishment in the adult state.

The more commonly accepted homologies of the mouth-
parts are as follows: labium, maxillee, maxillary palpi,
mandibles, hypopharynx, and labrum or labrum-epiphar-
ynx. The labial palpi are thought to be wholly wanting,*
or represented by the labella. The labium is always
present, more or less fleshy and provided with muscles.
It is grooved or channeled on the upper side to receive
the other parts, with the exception of the maxillary palpi,
which are free. This sheath is often nearly complete,
the thin margins touching each other above. At its tip
are the pair of joints of variable size called the ‘lips’
or labella. The maxilla and mandibles are sometimes

*This has very recently been contested by Wesche, who asserts that
either the labial or maxillary palpi may be present and functional; but
no cases are known of both pairs being functionally present. I am
inclined to be skeptical.
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absent, the mandibles most frequently; when present
they are always slender and firm. The hypopharynx is
unpaired and slender, grooved on the upper side and
sometimes converted into a nearly complete tube. The
labrum, also unpaired, is usually elongate and grooved
on the under side, forming by apposition with the hypo-
pharynx a complete tube. The mandibles are frequently
absent; in fact I do not know of their occurrence in any
flies with a simple third antennal joint, and they may be
absent in the male when present in the female, as in the
Tabanidz. They are always piercing organs, thin, firm,
chitinous and usually slender. The two maxillee, like-
wise piercing organs, find their highest development in
such predaceous flies as the Asilidee. Like the mandi-
bles they are chitinous and slender. In some they are
more or less flattened, and may have curiously shaped
projections at the tip; usually they are bristle-like.
They lie with the maxillee within the sheath of the labi-
um, at either side of the labrum and hypopharynx. In
some cases the labrum is short, and serves only as a cov-
er for the proximal part of the hypopharynx, but usually
it is as long as or longer than the hypopharynx and has
a simple groove on the under side. The hypopharynx
is always present in flies in which the mouth-parts are
functional. It is, more often, a slender, firm organ,
grooved upon the upper side, which by apposition with
the labrum forms a distinct tube. In some, however,
it may form an almost complete tube in itself.

Leaving out of account the degraded, but highly spe-
cialized Pupipara, the labium is always a sheath for all
the other organs except the palpi, but is separable at the
will of the insect. It is not used in piercing; it is either
bent backward in the middle, as in the mosquito, or the
piercing parts are thrust out at the extremity as in most
of the predaceous flies. To facilitate this protrusion of

4
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the piercing parts, the proximal portion is more or less
membranous and retractile; or, the inner organs may be
capable of elongation, being coiled up in some cases, as
in Pangonia, within the pharyngeal cavity. The pair of
organs at the extremity, the lips or labella, are very va-
riable in shape, position and function. In the mosquito,
for instance, they serve merely as a pair of fingers to
guide the piercing parts. In many of the flower-flies with
long proboscis, they are small, oval, divaricable organs,
that seem to be chiefly sense organs, as they are usually
provided with hairs inserted in small, semi-translucent
spots on the outer sides and margins. In the greater
number of flies, however, the labella are of considerable
size, and are provided with radiating ridges on the inner,
opposable sides. These pseudotracheze, as they are call-
ed, serve as means of attrition, by which the insects rub
off particles of food from firm substances. Sometimes
the labella are long and slender and folded back under
the labium when at rest. In the Asilidae and some others,
they are rigid and horny.

Perhaps the most important of all the mouth-parts,
from the systematic stand point, are the maxillary palpi.
They are inserted at the inferior basal part of the pro-
boscis, on a thin plate which bears the maxillae, and
are always extricated. Their study has been much neg-
lected, and doubtless thorough comparative researches
will reveal not a few characters of value in classification.
They are variously described as being composed of from
one to five joints.* There are never more than four articu-
lated joints, the basal joint being merely a process of the
plate bearing the maxillee. The tendency in diptera is
toward their entire loss, and in the more highly special-
ized families there is never more than one joint. They

*Theobald says some Culicidae have six joints, but his statement
needs confirmation.
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may be reduced to the merest vestiges even in flies which
are more or less predaceous in habit and which have the
mouth-parts, with the exception of the mandibles, other-
wise well developed; they may indeed be absent or pres-
ent in otherwise closely related genera of flies. They are
seldom much elongated, save among some of the Nemo-

cera.
ANTENNA.

Fig. 5. Antennwe. 1, Tipulidae (Polvmera, female); 2, Tipulidae
(Khipidia, male); 3, Culicide (Aedes, male); 4, Tabanidae (Sfibaso-
ma); 5, Empididee (Drapetis); 6, Syrphidee ( Volucella); 7, Tachinidee
(CGonia).

No other organs furnish so many or so important char-
acters in the classification of Diptera as do the antennze,
or feelers as they are sometimes called. The number,
shape and arrangement of the joints or segments offer
not only the best of specific characters in nearly all cases,
but also not rarely generic, family and even subordinal
characters. Only in very exceptional instances is the
number less than three, and it i1s probable that, even
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in those, there is only a partial atrophy of the basal joint.
Some Cecidomyidee and Leptidee (Rhachicerus) have as
many as twenty-eight distinct joints, and it has been said
there are as many as thirty-nine in some Cecidomyideae
(Cerodozia?), but I can find no certain evidence support-
ing such a statement. Through all the Cyclorrhapha
the number three, or very rarely less, is constant. In
the nematocerous Orthorrhapha the number is usually
from eight to sixteen, though in rare cases there may be
as few as six. In such antennee the first two joints are
called the scape, and they are always more or less differ-
entiated from the remaining segments which compose the
Magellum. When the antennza are long, or more or less
filiform, the joints of the flagellum often bear whorls or
verticils of hairs, especially in the males, and these hairs
are sometimes of very peculiar structure, sometimes loop-
ed; in such antennge, also, the joints may have a long
and abundant plumosity.

The scape in all flies usually bears bristles or bristle-
like hairs; the joints of the flagellum seldom. Upon the
structure of the antennze alone, however, it is difficult, if
not impossible, to distinguish any of the larger groups of
diptera, since those with long and multiarticulate antennae
merge very gradually into forms with shorter antennze
and fewer joints. Or, the separate joints of the flagel-
lum may be fused so closely as to be distinguishable
with difficulty, so that the third joint, or the basal part
of the flagellum, may appear to be of a simple, undiffer-
entiated structure, though upon closer examination found
to be composed of distinct segments or annuli; in such
cases the term complex 1s applied to the apparent joint.
This peculiar structure will be readily understood by the
examination of the antennze of a common horsefly (fig.
5, 4), where the enlarged third joint is observed to be
composed of a large basal piece and a terminal portion
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of four closely united segments. By the comparison of a
horsefly's antennz with that of a Sibie and that of a mos-
quito it will be easily understood that the complex third
joint is merely the closer fusion of the real joints of the
flagellum, though I know of no instance of a complex
joint having more than eight segments. Nor is the horse-
fly’'s so-called third antennal joint homologous with that
of the housefly, but rather with the joint and the ‘arista’
combined. Either the complex or the simple third joint
may terminate in a more or less slender, and more or less
freely differentiated portion called the sfy/e, or in a bris-
tle-like, elongated portion, called an arista. It is very
evident, however, that the style or arista represents
merely attenuated distal joints of the flagellum, since a
close examination of them will invariably, or almost in-
variably, disclese from two to five segments (fig. 5, 7),
though some may be very small or almost completely
atrophied. The arista therefore as might be supposed,
is nct sharply distinguishable from a slender style; in-
deed the arista always, or almost always, has its basal
portion thickened more or less, in some cases so much so
as to form a real though short style provided with a long
bristly extremity; and the style is often provided with a
short bristly end. An examination of the antennz of the
Leptidee and Stratiomyidee, figured further on, will make
these statements clear. The arista or style is of course
not at all apparent in the Nemocera, since the antennal
structure is here generalized, and it may be entirely want-
ing among the Brachycera, either because the distal
flagellar joints have not become at all differentiated, as
may be observed in Xylophagus of the Leptidee, or because
there has been an actual atrophy of the distal part of the
antennze; but the cases are rare where some of the flag-
ellar joints beyond the basal one are not observable in
flies, albeit very rudimentary. Whenever the style or
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arista is composed of numerous segments, the basal piece
of the complex third joint has necessarily fewer segments,
since both together never have more than eight. The
style, as the term is usually applied, is always terminal;
while the arista may be either terminal or dorsal, usually
the latter, and it may even be inserted close to the base
of the third joint. It is also apparent here, and this is
the rule among the Cyclorrhapha, that the basal position
is in reality due to the greater development of the under
side of the joint, bv which the width has greatly exceeded
the length. The style is only rarely present in the Cy-
clorrhapha ( Ceria, Conops),and in but few known instances
is the arista aborted in this suborder.

Fig, 6. Yalarocera nigripennis, head of male from in front, much
enlarged.

The first two antennal joints, that is the scape, are, as
has been said, usually provided with hairs or bristles,
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but they rarely take on an extraordinary development.
One or the other or both may be greatly elongated (see
fig. 19, Bombyliideae), or one or the other may be greatly
swollen (see Therevidae). The third joint, however,
has in some cases assumed most marvelous shapes, as
among the Stratiomyidee (Neochauna), or Tachinidee
( Talarocera, figs. 6, 7, Schizotachina, Dichocera, etc. )

Fig. 7. Talarocera nigripennis, male and female antennw, from the
side, much enlarged.

Often the arista has short hairs fringing the upper
and lower sides, in which cases it is called pubescent
(fig. 5, 5); when the hairs are longer and more feather-
like (fig. 5, 8), the arista is said to be plumose; or, if the
hairs are fewer and stronger and confined to one side,
pectinated. The pubescence or plumosity is almost always
more marked on the upper side of the arista; the pecti-
nation is very rarely on the under side (Ommatius, Asi-

lidze).
THORAX.

The thorax is composed, as in other insects, of three
parts, the pro-thorax, the meso-thorax and the mefa-
thorax, but the first and the last are so aborted as to pre-
sent but few anatomical characters. The prothorax is
perhaps most readily distinguishable in the nematocer-
ous flies, forming a rounded collar back of the neck. The
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metathorax is not seen at all from above; the scufellum,
cut off by an impressed line, usually a semi-oval body,
really belongs to the mesothorax, the dorsum of which
is often called the mesonotum.

Transverse suture, an impressed line usually running
straight across the mesonotum and terminating a little in
front of the root of the wings. It is more or less incom-
plete in the middle.

Humerus or humeral callus, each of the anterior superior
angles of the mesothorax, usually a more or less rounded
callus,

Post-alar callus, a more or less distinct, rounded swell-
ing, situated between the root of the wing and the scu-
tellum.

Pre-alar callus, a similar, but usually less prominent,
projection situated before the root of the wings on the
sides of the mesonotum, just back of the outer ends of
the transverse suture.

Scutellar bridge, a small ridge on either side of the scu-
tellum, connecting it with the mesonotum.

Presutural depression, a depression, usually triangular
in shape, at the outer ends of the transverse suture, near |
the dorsopleural suture.

Supra-alar groove, a groove on the mesothorax imme-
diately above the root of the wings, along the inner mar-
gin of which there are, usually, characteristic bristles.
Fig. 8. Pleural divisions of

Syrphus.
Fro, propleura,
Meso, mesopleura.
Sterno, sternopleura.

Plero, pteropleura.

Hypo, hypopleura.

Meta, metapleura.
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Notopleural or dorsopleural suture, the suture running
from the humerus to the root of the wings, separating
the mesonotum from the pleura.

Sternopleural suture, the suture below the dorsopleural
suture, nearly parallel with it and separating the meso-
pleura from the sternopleura.

Mesopleural suture, the suture running from the root of
the wings downward and separating the mesopleura from
the pteropleura.

Mesopleura, the space situated in front of the root of the
wings, between the dorsopleural and sternopleural su-
tures.

Pleropleura, situated below the root of the wings, back
of the mesopleural suture.

Sternopleura, the lower part of the pleura, below the
sternopleural suture and above the front coxa.

Hypopleura, the space over the middle and hind coxee,
below the metapleura.

Metapleura, the ‘sides of the metanotum’, a more or
less swollen space at the outside of the metanotum and
between it and the pteropleura and hypopleura.

Metanotum, the oval, arched portion below or behind
the scutellum. It is frequently most easily observable in
flies with a long, slender abdomen, as the Tipulidee.

Halteres, balancers or poisers, rudimentary posterior
wings, a slender organ with a dilated head, situated be-
low each metapleura.

Squame, Tegule or Calyplre, a pair of membranous
scales situated above the halteres and back of the root of
the wings, one above the other. The lower one or both
may be rudirfientary or absent; the upper one moves with
the wings and is called the antitegula by Osten Sacken.
Comstock, however, objects to this use of tegula, saying
that the term was first used for the cup-like scale above
the root of the wing in certain hymenoptera, and should

3
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be reserved for that organ; he calls them alwl/@, a term
generally applied to the proximal posterior lobe of the

wing.
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Fig. g. Legs. 1, leg of Tipulid; 2, middle leg of Peckia preceps,
male; 3, hind foot of MWallophora scopipeda, male; 4, hind leg of
Tropidia gquadrata; 5, last tarsal joint of Mialvsis; 6, front leg of

Stegana horee, male; 7, hind leg Rhopalomera ciliata; 8, hind leg of
Calofarsa, male.

LEGS.

The three pairs of legs are attached to the prothorax,
mesothorax and metathorax, and are called, respectively
the front, middle and hind pairs. When the front and
middle pairs are spoken of together they should be call-
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ed, for the sake of exactness, the anterior legs; when the
middle and hind pairs are collectively meant, the poste-
rior legs. 'The legs are composed of five parts:

Coxa, the part attaching the legs proper to the thorax.

Trochanter, the short, small, ring-like portion between
the femur and coxa.

Femur, almost invariably the longest and stoutest por-
tion of the legs, oftén provided with tubercles, spines or
projections or sometimes greatly thickened; usually
slender.

7Tibia, the next part succeeding the femur, and like it
often with various ornamentations or projections. When
it terminates in one or more distinct, short, bristly spines,
it is said to be spurred.

Tarsus, the distal division of the legs, composed (ex-
cept in some abnormal forms) of five joints, of which the
first, that next to the tibia, is called the mefafarsus. On
the terminal, or fifth joint, are the

Ungues or claws, usually two, curved, movable hook-
lets on the under side of the last tarsal joint, at the base
of which below, are a pair of

Pulvilli (fig. 10), two pad-like, fleshy cushions attached
to the last joint of the tarsus
below the claw, usually pres-
ent, but often absent among
the Orthorrhapha and often
much larger and better de-
veloped in the male than the
female. They are sometimes
elongate, but are more usu-
ally rounded, and provided

with hairs. Betweenthem is  Fig. 10. Claws and pulvilli of
the domestic fly. After Kellogg.

Empodium, a median appendage on the under side of
and between the claws, either in the form of a pad, like
the pulvilli (fig. g-5 ), when it is called pulvilliform, or
like a bristle or spine (see Asilidze, fig. 31), sometimes
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it is alone present and the pulvilli are wanting (see
Bibionide, fig. 7a).

Fig. 11. Male genitalia. 1, Tipulide (Diofrepha); 2 Tipulide
(Atarba); 3, Tipulidee (indet.); 4. Culicidee (Aedes); 5, Dolichopodi-
dee (Dolichopus); 6, Asilidae (.dsiius).

ABDOMEN.

The abdomen i1s composed of a variable number cf seg-
ments, more or less closely fused together. The norn.al
number for insects, nine, are rarely all visible (the Tip-
ulidee are examples). They are counted from the base
on the upper side. In not a few cases the first two are
so closely fused together, and the first one abbreviated,
that the nomenclature leaves some doubt in the mind of
the student. The upper part of the abdomen may be es-
pecially indicated by the word dersum, but in general, the
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venfer or under part is alone thus contradistinguished,
The male genitalia, which in many cases are of compli-
cated structure, and of much value in classification, are
known collectively as the Aypopvgium, and this term is
usually restricted to the male genitalia, though some-
times used also for the female organs. The oviposifor of
the female abdomen very frequently projects from the
abdomen, and is sometimes extremely long; its structure
may be characteristic of genera or families. The more
detailed description of the parts of both these organs it
1s unnecessary to go into here; they may be studied in
the different families, where they often find useful appli-
cation in the separation of species, though rarely of
genera.
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Fig. 12. Wing of Tabanus.

WINGS.

To understand the wvenation or newration of the wings
the student may select a common large horsefly (T'aban-
idee). Observe near the middle of the wing directed
transversely, a large, oblong, five or six sided cell, sur-
rounded on all sides by other cells. This is the discal
cell and is present in nearly all flies. Somewhere on the
vein (fourth longitudinal), that bounds this cell in front,
will be seen a short connecting vein, directed anteriorly,
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the anterior, small or middle cross-vein (b), which is very
constant in flies, and affords in most cases, a key to the
venation, no matter how intricate. It connects with the
third longitudinal vein in front (in a few cases the sec-
ond longitudinal vein); the cell behind it is the discal,
in front, between the second and third longitudinal veins,
the first submarginal; on the outer side the first posterior;
on the inner side the first basal. Just back of the first
basal cell and separated from it by the fourth longitud-
inal vein, is the second basal cell; back of the second basal
and separated by the fifth longitudinal vein, is the third
basal or anal cell. Back of the anal cell and including
the free posterior proximal portion of the wing is the ax-
2llary cell. In the horsefly the anal cell is seen to run back
obliquely to near the posterior margin of the wing, where
it terminates acutely, that is, the anal cell is clcsed near
the border of the wing; should the two veins that close
it run separately into the margin of the wing, then the
cell is said to be open. Counting from the third longi-
tudinal vein (posterior branch) backward along the pos-
terior border of the wing, to the vein that closes the anal
cell outwardly, the student will count five different cells,
the first of which, as already said, borders on the first
basal cell, the second and third on the discal cell, the
fourth on the discal and second basal cell, and the fifth
on the second basal and anal cells; these cells are called
the posierior cells, and are numbered from before back;
the firsf is bounded by the third and fourth longitudinal
and the anterior cross-vein; the second posterior by the
anterior branch of the fourth vein in front, its posterior
branch internally and behind, often superfluously called
the anterior intercalary vein; the fhird posterior cell is
bounded in front by the posterior branch of the fourth
vein, internally by the posterior crossvein (d), posteriorly by

the anterior branch of the fifth vein; the fourth posterior

ARGt



cell is bounded in front and internally by the anterior
branch of the fifth vein, bordering the discal and basal
cells, posteriorly by the posterior branch of the fifth,
often also superfluously called the posterior intercalary
vein; this cell in other flies often borders on the discal
cell alone internally; the fifth posterior cell is bounded in
front by the posterior branch of the fifth vein, internally
by the petiole of the fifth vein, posteriorly or internally
by the posterior basal cross-vein. 'There is much doubt as
to whether this latter is really a cross-vein in the more
evident meaning of the word, or whether it really repre-
sents the primary branch of the fifth vein, since in many
flies this is the only termination of the vein, the anterior
branches being wholly wanting. The short vein which
separates the discal cell from the second basal cell is often
called the anferior basal ciross-vein,; sometimes the discal
cross-vein, which would be the better term, were it not to
be confused with the posterior cross-vein itself. Follow-
ing the third longitudinal vein outwardly it will be found
to give off an anterior branch, which runs forward to ter-
minate in the anterior marginal vein of the wing, the
costa; the cell included in this fork, between the branch
and the vein itself is called the second submarginal cell,
and this name should always be restricted to the cell so
bounded, though usually the cell enclosed between the
branches of the second longitudinal vein in the Culicidee,
Tipulidee, etc., receives this name. The second longi-
tudinal vein borders the first submarginal cell in front
and terminates in the cosfa, as the encompassing vein of
the wing is called; in a relatively few flies this vein also
gives off a branch in front, dividing the marginal cell
just as the submarginal cell is divided in 7abanus. Be-
tween the first longitudinal vein, which has a similar
course to that of the second longitudinal, though shorter,
and the vein in front of it, between it and the costal bor-
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der, and called the awxiliary vein, is the subcostal cell;
between the awuxiliary vein and the costal border itself is
the cosfal cell. _

Finally, near the root of the wing, a short, but very
constant cross-vein connecting the auxiliary vein with
the costa is the hwumeral cross-vein (a ).

The above is the nomenclature of the wing now having
almost universal vogue among descriptive entomologists,
a system which, with minor modifications, has been used
almost from the beginning of descriptive dipterology. It
has no especial superiority over other systems to com-
mend it, nor has it any striking disadvantages to con-
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Fig. 13. Wing of FPangonia. Schiner's nomenclature.
I, ¢ostal cell; 2, mediastinal cell; 3, subcostal cell; 4, 5, cubital cells;
6, 7, 8, 9, 11, first-fifth posterior cells; 12, discoidal cell; 13, 14, 15,
first-third basal cells; 16, axillary cell.

demn it; and long usage has apparently fixed it. An-
other system in vogue at the present time among a few
dipterological authorities is that used by Schiner in his
later writings, and, which, could it displace the older
system, would have much to commend it. It will be
readily understood by the compariscn of the two figures
given. The only confusion it makes with the older
system is in the use of mediastinal cell for subcostal and
subcostal for marginal, and this confusion is actually
apparent in the writings of some authors, of whom Ver-
rall is an example.

= i
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Fig. 14. Wing of Sifvins. Comstock-Needham nomenclature.

A third system 1s that proposed by Comstock and
Needham about ten years ago, but which has found
practically no acceptance among dipterologists, with the
exception of one or two American writers. There is
much to be said in favor of a universal system of nomen-
clature among entomologists, a consummation devoutly
to be wished. The present work, however, is no place
for propagandism, and the common nomenclature has
been everywhere employed in the following pages. The
individual writer may do as he chooses in the use of
either of the three systems, though he would do well to
remember that ephemeral writings or briefer communi-
cations will suffer by the use of any except the standard;
only thorough monographic studies with abundant illus-
trations will do much toward commanding the acceptance
of either of the less used nomenclatures. I give below
in tabular form the synonymy of the three systems for
the 7abanus wing:

Auxiliary vein . : . : II Subcostal Mediastinal
First longitudinal . : : IIIt Radial 1 . . Subcostal
Second longitudinal ; : III3 Radial 3 . : Radial
Third longitudinal . ; : 1114,5 Radial 4, 5 : Cubital
Fourth longitudinal : ; V1,2 Cubital 1, 2 . Discoidal

Fifth longitudinal . : : e CEnhatal 4 : Postical
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Fig. 15.
Rhyphis

Fig. 16.

Falonchus
¢ (Cyrtidee)

Fig. 17.

Pantarbes
(Bombyliidae)

Fig. 18.

Conops” :
(Conopidee).

Fig. 19.

M, Scenopinus
(Scenopinidae)

Fig.l20.

Rhamphomyia

M+ Cu,
Venation, after Comstock and Needham.,

w1+ (Empididee.)

(Rhyphideae).

L
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Sixth longitudinal . : - IX Anal. : : . Anal
Humeral cross-vein - : : . (©) Basal cross-vein
Anterior cross-vein . . : 2 (2¢) Median cross-vein
Posterior cross-vein s . : () Posterior cross-vein
Anterior basal or discal cross-vein : (v) Discoidal cross-vein
Costal cell : ; : - 2ndl . : g . . Costal
Subcostal cell . TR . I1 : : : . Mediastinal
Marginal cell . - : : 111 : : : . Subcostal
First submarginal cell . i I113 . : : First cubital
Second submarginal cell : LIIq . . . Second cubital
First basal cell : . " andIII : : . First basal
Second basal cell . : : v : : : Second basal
Anal cell . ; - : : NITE ; - . Third basal
Axillary cell . . : : 1 : : : Axillary
First posterior cell . : : I[Ts: : . First posterior
Second posterior cell : . VI - : . Second posterior
Third posterior cell " : 2nd V2 : . Third posterior
Fourth posterior cell . ; g - . Fourth posterior
Fifth posterior cell . : : VIIT . - . Fifth posterior
Discal cell . - - : 1st Va2 : . . Discoidal
VESTITURE.

Flies differ much in the nature of their wvestiture.
Many are nearly or quite bare; others have a thick,
woolly covering of closely set, fine hair; while others
still are covered abundantly with a long, stout and heavy
bristles or macrochzetze. Doubtless the vestiture has an
intimate relation with the habits of the mature insect;
just what the relations of the different kinds are, is
not vet well understood. Osten Sacken has observed that
the eremochatous kinds (that is those diptera in which
there is a general absence of bristles, as, for example,
the Stratiomyidae, Leptidee and Tabanideze) are, for the
most part, holopticin the male sex, and at the same time
are chiefly aerial in habit, flying swiftly and often hov-
ering, using the legs only for alighting and resting. On
the contrary, the chatophorous flies (as the Muscidz in
the wide sense, Phorida, Dolichopodidae, Asilida, etc.)
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are for the most part ambulatory insects, using their legs
as much as, sometimes more than the wings in locomo-
tion; or, if not, for grasping, seizing or holding their
prey; they seldom have the eyes contiguous in the male
sex. Probably the macrochaetae reach their highest de-
velopment among the Tachinidee, as for instance in

Fig. 21. Paradefeania, sp. (Brazil). Enlarged.

Dejeania, Paradejeania, etc., and the Dexiide (FHys-
trichodexia), where the abdomen may be almost covered
with long, erect, very rigid spines.

As concerns other kinds of vestiture, the usage of
writers is not very exact; the terms hair, pile, pubes-
cence, tomentum, being used with a wide degree of lati-
tude. In general, however, pile should be restricted to
indicate closely and thickly set, erect, fine hair like the
pile of velvet; while the term /fai» may be used to desig-
nate longer, less erect, and less abundant pelage. /Pu-
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bescence should be restricted to short, recumbent, fine
hairs, while fementum can only correctly be used as the
designation for flattened, scale-like or stubble-like, more
or less recumbent hairs, which gradually merge into dus¢
or pollen, which is so generally present in diptera, and
upon which the determination of many species must
largely depend.

CHATOTAXY.

Many years ago Rondani proposed the term macrochee-
{e for the large, differentiated bristles of flies, and sug-
gested their use in classification, though he made but
little use of them himself. I,oew also failed to appre-
ciate their full significance in the classification of diptera,
although he made considerable use of them, examples of
which may be found in his diagnostic characterization of
the Helomyzidae and Ortalidee. It was Osten Sacken
who proposed the term chefofaxy to designate the science
of their arrangement, and who published an epoch-mak-
ing paper on the subject in 1881. Girschner, later, ex-
tended the system more widely for the calyptrate diptera.
At the present time a thorough knowledge of cheetotaxy
is indispensable for all who would deal with those fami-
lies, especially of the Cyclorrhapha, in which they are,
for the most part, so conspicuous, and upon which the
generic and specific distributions so much depend. Osten
Sacken, indeed, makes the arrangement of the bristles
almost fundamental as indices of relationships, and exag-
gerates their importance in some instances, especially so
when he would locate the Apioceridee with the Asilidze,
almost solely on their chaetophorous character. ZFHilari-
morpha he refuses admission to the Empididee chiefly be-
cause of the absence of bristles, forgetting that some true
Empididee also absolutely lack bristles. However it
may be in particular instances, there can be no question

6



46 NORTH AMERICAN DIPTERA.

but that the number and arrangement of bristles in most
cases offer important, in some cases perhaps the only,
available criteria in generic classification. For that rea-
son it behooves the student to become familiar with the
subject, and to pay especial attention to their use in
many, if not most of the groups.

CEPHALIC BRISTLES.

Vertical, two pairs, inner and outer, inserted more or
less behind the upper and inner corner of the eye, erect
or the inner pair convergent, the outer divergent; the
outer pair is usually the smaller and more frequently
absent.

Postvertical, in the middle, near or back of the vertex,
convergent, erect or divergent; usually small, and often
absent. :

Ocellar, situated close to the ocelli, usually the foremost
ocellus; usually directed forward; often minute or absent.

Frontal, a row of bristles on either side of the median
vitta descending often to or below the root of the anten-
neze on the side of the face anteriorly; of much use in the
classification of the Calypteree.

Fronto-orbital, a bristle or bristles on each side of the
front near the orbit, immediately below the vertical bris-
tles; there may be one, two, or none on each side.

Lower fronto-orbital, situated on the lower part of the
front near the eyes, and not quite in line with the fronto-
orbitals. They are not of frequent occurrence.

Cruciate, a pair of bristles in the middle of the lower
part of the front, directed inwardly and forwardly; ob-
served in some Calypterze and Acalypterze.

Vibrissa, a stout bristle situated near or a little above
the oral margin, near the front edge of the mouth open-
ing ; of important use in the classification of the Acalyp-
terze.

Facial, a series of bristles on either side of the middle



of the face, above the vibrissa, especially conspicuous
among many genera of the Tachinidee, but usually ab-
sent in the Acalypterze.

Lateral facial, one or two bristles sometimes present on
the sides of the face below, toward the eye.

Postorbital, a line of small bristles nearly parallel with
the posterior margin of the eye, on the edge of the occiput.

MESONOTAL BRISTLES.

de Humeral (hm), one or
i more bristles inserted on
the humeral callus.
Posthumeral (pl), one or
more bristles situated on
the - inner margin of the
humeral callosity.
Notopleural (npl), usual-
ly two, inserted immedi-

ately above the dorsopleu-
ral suture, between the
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Fig. 22. Mesonotal bristles. bottom of the presutural
depression.

Presutural (pr), one or more bristles situated immedi-
ately in front of the transverse suture, above the presu-
tural depression.

Supraalar (sa), usually one to three bristles above the
root of the wings, between the notopleural and postalar
bristles.

Intraalar (ia), a row or two or three bristles between
the supraalar group and the dorsocentral bristles.

Postalar (pa), bristles on the postalar callus, back of
the supraalar.

Dorsocentral (dc), a row on the inner part of the dorsum,
at the outer side of the acrostichal.

Acrostichal (a), a row next to the median line, on the
inner side of the dorsocentral ; sometimes both the dorso-
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central and acrostichal are represented by the hindmost
bristles forming a prescutellar row in front of the scutel-
lum,

Seutellar, bristles along the margin of the scutellum,
which may be distinguished from the Dorsoscutellar.

PLEURAL BRISTLES.

Propleural, a bristle or bristles inserted on the lower
part of the propleura, immediately above the front coxa.

Mesopleural, bristles inserted on the mesopleura, near
the angle formed by the dorsopleural and mesopleural
sutures.

Sternopleural, one or several bristles below the sterno-
pleural suture; mesothoracic of Loew.

Pleroplenral, bristles inserted on the pteropleura, rarely
present and difficult to distinguish.

Metapleural, bristles inserted on the metapleura, es-
pecially conspicuous in the Asilidee, and named by
Lynch the

Trichostical bristles, a fan-like row on the metapleura,
conspicuous in some families.

Hypopleural bristles, a row or tuft of usually small bris-
tles on the hypopleura, occurring in the Tachinidze,
Dexiidee, Sarcophagidee, and a part of the Muscidee, first
recognized by Osten Sacken.

ABDOMINAIL BRISTLES.

Marginal bristles, bristles inserted on the posterior
margins of the segments above, especially conspicuous
in many Tachinidee.

Dhiscal bristles, usually one or more pairs inserted near
the middle of the segments before the hind margins.

Lateral bristles, one or more bristles situated on or
near the lateral margins of the segments.

In addition, a number of terms are used to designate
the inclination of the bristles, often important in describ-
ing the cephalic bristles. The more important of these
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are: erect, when standing perpendicularly or nearly so;
proclinate, when directed forward; reclinafe when directed
backward; divaricate or divergent when directed outward
from the middle line; convergent when directed inwardly;
decussate or cruciate when crossing each other.

INTERNAL ANATOMY.

For the following brief account of the internal anatomy
of Diptera I am indebted to Prof. V. L.. Kellogg.

The special features of the internal structure of the
Diptera are the high degree of concentration of the nerv-
ous system attained in some of the members of the order,
the expansion of the two main tracheal trunks in the base
of the abdomen to form air sacs, the presence of a suck-
ing stomach as in the Lepidoptera, the constant number
(four, rarely five) of the Malphigian tubes, and the ab-
sence of a bursa copulatrix in the females.

The alimentary canal presents behind the cesophagus
an expansion which is a crop or sucking stomach. The
ventriculus, or true stomach, lying behind it, has usually
two czca; and the long, slender, Malphigian vessels are,
in almost all species, four in number, a surprising con-
stancy compared with the condition in other groups of
specialized insects. The vessels open singly into the ali-
mentary canal in some flies and in others they unite in
pairs before reaching the canal and open into it by two
ducts. :

The heart 1s of the usual type, but with only two cham-
bers in the more specialized families, owing to the con-
centration of the body. In the larva of Coreflira the heart
is a simple, elongate tube without chambers.

The two main tracheal trunks expand at the base of
the abdomen into conspicuous air sacs similar to those
found among- Hymenoptera, Lepidoptera, the lamellicorn
beetles and some other insects. The two pairs of spira-
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cles of the thorax are provided with ‘vocal cords’, and a
considerable part of the humming sound is produced by
those structures. The abdominal spiracles of some flies
are as primitive as are to be found among insects, being
simply unlipped openings.

The condition of the nervous system varies greatly
within the order. In the elongate, more generalized ne-
matocerous forms there are five or six abdominal ganglia,
and three distinct thoracic ganglia. From this condition
to that shown by the Muscida, where all the thoracic
and abdominal ganglia are united into one large gang-
lion in the thorax, a most instructive series of gradatory
forms is presented. Inthe Empidide, which stand in-
termediately as regards the concentration of the ventral
cord, the two anterior thoracic ganglia are fused into
one; this condition is radically different from that shown
by insects of other orders, as the Coleoptera, Lepidcp-
tera and Hymenoptera, which have but two thoracic
ganglia. In these insects, -however, it is the two poste-
rior ganglia (meso- and metathoracic) which are fused
into one.

The studies of Child on the so-called Johnston's organ
(located in the second antennal joint), an elaborate struc-
ture of fine chitin rods connected with special nerve cells
and these connected by fine nerves with the main anten-
nal nerve, seem to ascribe definitely an auditory function
to the antennze. Kellogg has shown that the divided
eyes of such flies as the Blepharoceridee and others (in-
dicated externally by the division of the corneal facets
into two regions in which the facets are of different size)
are in reality made up two types of ommatidia, one type
being much larger and much less strongly supplied with
retinal pigment than the other type. This condition pro-
duces a certain sort of differentiation of the visual func-
tion, one part of the eyve being better adapted for seeing
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swiftly moving objects, or in twilight than the other, but
the other part better adapted for the formation of a pre-
cise image.

Special nerve structures are present at the base of the
halteres, and orienting, auditory and other sense func-
tions have been ascribed to these organs by various mor-
phologists. Flies from which these organs have been
removed are utterly unable properly to direct their flight.

The internal organs of the reproductive system present
some interesting peculiarities. The ovaries of the female
consist of an exceptionally large number of egg-tubes.
There are three spermathecae, paired accessory organs,
and no true bursa copulatrix. The males have two oval
testes with short vasa defferentia. The testes are not-
infrequently colored, possessing a pigment layer. There
is a well developed penis with accesscry copulatory or-
gans. Snodgrass’ interesting studies on the comparative
anatomy of the external genital organs show that while
there may be great variety in these structures among the
males of any one family, the females, curiously enough,
show a remarkable uniformity of the hypopygial organs.

CLASSIFICATION OF DIPTERA.

The first real attempt at the subdivision of the order of
Diptera was made by ILatreille in 1805, when he distin-
guished between the nematocerous and brachycerous
forms. The term Nemocera was introduced by him in
1817, and the characters upon which he based the group
are yet employed. The name Brachocera was applied to
the remaining Diptera by Macquart in 1834. The char-
acters he used, following Latreille, were :

Antenng at least six-jointed; palpi four or five-jointed. Nemocera.
Antennz three-jointed; palpi one or two-jointed. Brachycera.

This attempt at subdivision, based upon the antennee
and palpi, was all that had been made until a compara-
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tively recent date. It is the classification followed by
Loew in the first volume of the Monographs published as
late as 1862. In 1863 Brauer proposed a more rational
division of the Diptera into the two suborders, Ortho-
rrhapha and Cyclorrhapha, based chiefly upon larval and
pupal characters. Their characters in a later publica-
tion he gives as follows:

Larvee with a ‘jaw-capsule’ (Kieferkapsel) or a differentiated head.
Pupz free or enclosed in the larval skin; in either case the larval skin
bursts for the extrication of the pupa or imago in a T-shaped opening
on the back of the anterior end, or rarely in a transverse rent between
the eighth and ninth abdominal rings. The imago lacks the [rontal
lunule and ptilinum. . . ; . Orthorrhapha.

Larvee without dlfferentmted head Pupee always enclosed in the
. hardened larval skin (forming the so-called puparium); the imago al-
ways escaping from the anterior end throngh a circular orifice. Frontal
lunule present; ptilinum usually present. . : Cyclorrhapha.

More recently Brauer proposed a further subdivision
of the suborders into tribes and groups as follows:

BRAUER'S CLASSIFICATION.
Suborder Orthorrhapha.
Section I. Nematocera.

Tribe 1. Eucephala. Families Mycetophilida, Bibionidze, Chi-
ronomidae,Culicidzae, Blepharoceridse, Simuliidese, Psychodida,
Ptychopteridee, Rhyphidze.

Tribe 2. Oligoneura. Family Cecidomyidae,

Tribe 3. Polyneura. Tipulidee, Limnobiidae.

Section II. Brachycera.
Tribe 4. Acroptera. Family Lonchopteridee.
Tribe 5. Platygenya.
Group 1. Homdodactyla.
Superfamily 1. Notacantha. Families Stratiomyidae,
Xylophagidze.
superfamily 2. Tanystoma. Families Tabanidae, Acan-
thomeridee, Leptidee.

Superfamily 3. Bombylimorpha. Families Nemistrin-
1d=e, Acroceridee.

Group 2. Heterodactyla.
Superfamily 1. Procephala, Families Mydaidae, Asil-
1dze, Bombyliidee.
Tribe 6. Orthogenya. Families Empidae, Dolichopodidee.
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Suborder Cylorrhapha.
Section I. Aschiza.
Tribe 1. Syrphidee. Families Syrphidee, Pipunculidee.
Tribe 2. Hypocera. Families Phorideae, Platypezide.
Section II. Schizophora.
Tribe 3. Eumyide.
Superfamily Schizometopa. Calyptere of the present work.
Superfamily Holometopa. Acalypterze of the present work.
Tribe 4. Pupipara. Pupipara of authors, Eproboscidea.

SCHINER'S CLASSIFICATION.
Orthorhapha.
Nematocera. :
Oligoneura—Cecidomyidee, Mycetophilide, Simulida, Bi-
bionidae.
Polyneura—Chironomidze, Blepharoceridee, Psychodida, Cu-
licideae, Tipulida, Dexidee, Rhyphida,
Brachocera.
Cyclocera—Stratiomyidae, Xylophagidse, Coenomyidae, Acan-
thomeridae, Tabanidee.
Orthocera—Nemistrinidee, Bombylida, Acrocerida, There-
vidze, Midasidze, Asilidae, Leptidee, Empidee, Dolichopidze.

Cyclorhapha.

Proboscidea.
Hypocera—Phoridze.
Orthocera.

Oligoneura. :

Muscidze acalypterse—Borborinze, Phycodrominze, Scato-
phaginze, Thyreophina, Rhopalomeringe, Helomyzinz,
Dryomyzina, Sciomyzina, Tetanocerinz, Geomyzinza,
Drosophilinz, Ephydrinz, Chloropina, Psilinz, Sep-
singze, Calobatinz, Michogastrina, Achina, Diopsidine,
Dacinz, Trypetinge, Sapromyzinge, Ulidinge, Platysto-
ming, Dorycerinz, Pyrgotinge, Ortalinee, Agromyzina,
Milichinz, Ochthiphiline, Heteroneuringe, Cordylu-
rinze.

Muscidee calypterse—Tachininae, Muscina, Dexinge, Sar-
cophaginge, Anthomyinze,.

Oestridee.

Polyneura—Platypezidee, Pipunculide, Syrphidee, Conopidze,
Eproboscidea— Hippoboscidae, Nycteribida.
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OSTEN SACKEN'S CLASSIFICATION.

Osten Sacken has offered many pertinent criticisms of
Brauer’s classification, insisting that the Nemocera and
Brachycera are divisions of more fundamental importance
than was assigned to them by Brauer. His classification,
so far as it was developed by him, is as follows:

Suborder Orthorrhapha Nematocera. Palpi usually four or five-jointed,
pendulous and more or less filiform. Antennz many jointed (more
than six-jointed), usunally filiformm (seldom pectinate), with the
majority of the joints of the flagellum homologous (homomor-
phous).

Superfamily Nemocera Vera. Males dichoptic;* no bisection or
bicoloration of the eyes. Antenna provided with sensitive hairs
arranged syvmmetrically on the flagellum in verticils or pencils
(except Mycetophilidee). No pulvilli;f empodia often, but
not always present.

A, Larvee peripneustic;i always terrestrial. Cecidomvida, My-
cetophilidze.

B. Larvee peripneustic or amphipneustic, aquatic, subaquatic,
sometimes terrestrial. Culicidze, Chironomidze, Psychodid:ze,
Dixidae, Tipulidze.

Superfamily Nemocera Anomala. Diptera with homologous (ho-
momorphous) joints to the flagellum; usually four-jointed paipi.
Males frequently holoptic, sometimes the females also. Pulvilli
usually present. Antenna without sensitive hairs. Ocelli usually
present. Bibionidee, Simulidse, Blepharoceridee, Rhyphid e,
Orphnephilidee.

Suborder Orthorrhapha Brachycera. Palpi not more than two-jointed,
not pendulous, the end joint more or less clavate, and larger than
the basal one; joints of the antennal flagellum, with rare excep-
tions, not homologous.

Superfamily Eremochzta. No macrocheeta, Three well developed
pulvilli. Males predominately holoptic, the eves often bisected.
Antennal flagellum polymorphous. Axillary incision, alula and
antitegula in most cases distinetly developed. Discal cell usual-

*They are sometimes truly holoptic.

tRecent investigations show that true pulvilli are sometimes present.

t Amphipneusiic larvee are those in which the spiracles are con-
fined to the first and last segments: mefapnenstic those in which they
are confined to the posterior segments; peripunenstic those in which
they are present on the median rings.
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ly developed; usually five posterior cells. Legs rather smooth.
Stratiomyidse, Tabanidae, Acanthomeridz, Leptide.

Superfamily Tromoptera, Chiefly hovering flies, Nemistrinide,
Bombyliidee, Cyrtidee, Therevidae, Scenopinide.

Superfamily Energopoda. Pedestrian flies. Asilidee, Dolichopod-
idee, Lonchopteridz, probably Phoridze.

Superfamily Mydaide. Mydaide.

Suborder Cyclorrhapha Athericera. All other flies.

COQUILLETT’S CLASSIFICATION—Igo01.

Recently Mr. D. W. Coquillett has proposed another
system, differing from any preceding one, and for the
most part with new names, as follows:

Suborder Eproboscidea Latreille.
Families Hippoboscida, Nycteribidze.
Suborder Proboscidea Latreille.
Section Orthorrhapha Brauer.
Subsection Nemocera Latreille,
Superfamily Tipuloidea Coquillett.

Families Tipulidee, Dixida, Culicidee, Psychodidee,
Stenoxenida, Chironomide, Cecidomyidze,
Mycetophilidee,

Superfamily Bibionoidea Coqguillett.

Families Bibionidee, Simulidee, Orphnephil-
ide, Belpharoceride, Rhyphidee,
Subsection Brachycera Macquart.
Superfamily Tabanoidea Coquillett. 2
Families Leptidee, Stratiomyidee, Acanthomerideae
Tabanidee, Acroceridee, Nemistrinida,
Superfamily Bombyloidea Coquillett.,
Families Apioceride, Mydaidz, Bombylidz.
Superfamily Asiloidea Coquillett.
Families Scenopinida, Therevidae, Asilidze, Empide
Dolichopodidze.
Superfamily Phoroidea Coquillett.
Families Lonchopteridz, Phoridz,
Section Cyclorrhapha Brauer.
Superfamily Syrphoidea Coquillett,
Families Platypezidee, Pipunculidee, Syrphide,
Conopidz.
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Superfamily Muscoidea Coquillett.
Group Calypterate Desvoidy.

Families Qestridae, Tachinidze, Dexidze, Sar-

cophagidee, Muscidee, Anthomyidze.
Group Acalypterze Macquart.

Families Scatophagidee, Heteroneuridze, Helo-
myzidae, Phycodromida, Sciomyzidae,Sap-
romyzide, Loncheeida, Ortalidee, Trypet-
idae, Micropezida, Sepsidae, Psilid e,
Diopsideze, Oscinide, Drosophilide, Geo-
myzida, Agromyzida, Borboridae,

LAMEERE'’S CLASSIFICATION.

Yet another pretentious scheme of the classification of
Diptera is that of Prof. Aug. Lameere of the Univer-
sity of Brussels, which has very recently appeared.*
The meritorious part of this ambitious attempt is the
endeavor to apply the only real criteria in a true classifi-
cation of insects, phylogeny. The author, however, is
in deeper water than he suspected; but the scheme is
worthy of reproduction because of several suggestions,
though its inconsistencies clearly show that the author

has not a wide acquaintance with the order.

NEMOCERA. Oligoneura.,
Polyneura. Mycetophilidze.
Culicidze. Mycetophilinz,
Ptychopteringe. Mycetobiinge.
Ptychopterini. Cecidomyidze.
Psychodini. Sciaringe.
Culicinze. Cecidomyinae.
Dixini. Lestremini,
Culicini. Cecidomyini.
Chironomini. Heteropezini.
Tipulidze.
Limobiinee.
Tipulinz.

* Mem. Soc. Ent. de Belg. xii, 190b. 105.
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BRACHYCERA. Bombylidee.

Metagnatha. Anthracinz.
Rhyphidae. Bombylinze.
Bibionidze. Asilide.

Bibioninee. Asilinze.
Bibionini. Midinee (sic).
Simuliini. Eremoneura,

Orphephilinz. Drthorrlu}pllm.

Blepharocerinze. Emp1d1rl:fe..

Metarhyncha. P.mpulﬂ:m,e.
Homceodactyla. .I{}?h(}tll.l:r_'.

Stratiomyidee, Dolichopodidze.

X ylophaginze. Diaphorin:e.
Stratiomyinze. Deolichopodinze.

Leptidee. Cyclorrhapha.

Leptinge. Syrpharia. :
Nemistrin:e, Plat EPE?:H}EE:-

Tabanidze. Lonchopteridee,
Tabaninze. P‘fmnr]:%e.‘
Acroceringe. Pipunculidee.

Heterodactyla. S},*r}':ludze.
Pleroneura. Myodaria. :
Therevida. Conopidze.
Muscidee.

Therevinge.
Therevini.
Scenopinini.

Apilocerin:e.

I have given these more pretentious systems of classi-
fication of the diptera in order that the tyro in their study
may not reach the erroneous conclusion that any system
is authoritative. Frankly, I do not have a great deal of
faith in any of them. They are, in part at least, the bi-
ased personal opinions of their authors, their individual
views as to the importance of the different characters,
opinions which can only reach an approximate equilib-
rium after we have a much greater knowledge of ancient
types, and perhaps of the embryology of modern forms.
Upon the whole, Osten Sacken has brought a wealth of

7
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information to bear upon his views, though he by no
means claimed finality for them. His exceptions, how-
ever, are so many and oftentimes so pertinent that I am
by no means convinced about many things. Wherein
all writers concur may safely be accepted by the stu-
dent ex awuthoritate, but I would advise the inexpert
student to make no use of most of the terms that have
been proposed; nor fret himself about the value of any of
them. The divisions Orthorrhapha and Cyclorrhapha
may perhaps safely be accepted, since all, or nearly all,
are agreed thereon, though by no means agreed as to
their rank and limits. At one time, indeed, they were
almost universally accepted as the two chief suborders,
but within recent years there has been a tendency to sub-
ordinate them to the older groupings of Latreille and
Macquart, perhaps in part due to the influence of Osten
Sacken’s authority. Osten Sacken endeavored to show
that the characters recognized as distinctive of the Ne-
mocera and Brachycera are of more fundamental import-
ance than those distinguishing the Orthorrhapha and
Cyclorrhapha. With this view I do not agree. I must
still accept Brauer’s chief divisions, as, upon the whole,
the most natural grouping of the order.

Speiser believes that the Pupipara are only highly
specialized muscids, and it is even doubtful yet whether
some of them may not be oviparous in habit; we know
of one species, at least, wingless and parasitic upon birds
which stands on the border line. Wesche has recently
asserted that the mouth-parts of the Pupipara are thor-
oughly muscid in structure. The vestigial eyes, small
and partly aborted antennae, bristly head, leathery abdo-
men and short stout legs are also characteristic of certain
wingless, parasitic Phoridee, and certainly no one will
attempt to trace any immediate relationship with these
flies. I believe there is a much closer relationship be-
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tween the Streblidee and Borboridze, than between the
Borboridae and Empididee, for instance.

I must insist, notwithstanding Osten Sacken’s rather
strongly asserted views to the contrary, that there is no
distinet limitation betweenthe Nemocera and Brachycera.
If the reader will turn to the characters given in the fam-
ily table further on, he will, I believe, appreciate the
force of my statement. The antenna of Rhachicerus, a
‘brachycerous’ fly, are in some respects among the most
primitive or generalized of all diptera: we know of no
living genus, unless it be Cerozodia, from which it could
have been derived; doubtless some ancient tipulid may
have been the forbear of the genus. Of course we can
not positively say that these insects may not have revert-
ed in the structure of the antennz from a specialized to
a generalized condition, but that is very improbable in-
deed—evolution is irreversible. It would seem, however,
that all the Brachycera, save possibly Rhachicerus, have
been evolved from a common ancestor, otherwise we are
at a loss to explain the seemingly strange fact that the
number eight is so common for the segments of the fla-
gellum, and is never exceeded, with the above exception.
If the ‘posterior cross-vein’' of the Brachycera is identi-
cal with the vein at the outer end of the discal cell in the
Tipulidee and Rhyphidze, then it is apparent that all
families, save these, of the Nemocera, are excluded from
the ancestral line of the Brachycera.

IL.ameere, indeed, would divide the Nemocera and Bra-
chycera between the Mycetophilildze and Bibionideze.
But that is only begging the question, the two families
are absolutely coalescent. The fact is that the structure
of the head, antennz, and palpi changes so gradually
from the more generalized to the more specialized forms
that nowhere can we draw an impassable line between
the groups.
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On the other hand the structure of the adult insects
changes so much somewhere in the vicinity of the Syr-
phidze, to say nothing of larval structure and habits, that
I believe, if we must have suborders (which to me does
not seem imperatively necessary) the place to make
the division is somewhere between the Syrphidae and
Dolichopodidze. There are groups here which are oscul-
ant no doubt—a lot of ink has been wasted in their dis-
cussion,—but so there are in all classifications. The
sooner we learn, as learn we must, that dividing lines do
not occur in nature except as accidents, that evolution
never classified anything and never will, the sooner we
shall get over some of the bugbears of taxonomy. The
best we can do is to make such groupings as will express
most clearly and most conveniently relationships, and
especially the phylogeny of organisms.

As I have already said, a true classification of the dip-
tera, as of all other organisms, is desirable, but not pos-
sible, for that would mean the absolute perfection of
dipterological science. An approximation to that finish-
ed perfection is of course attainable, but that approxima-
tion must depend upon many factors which have as yet
scarcely engaged the attention of students of diptera.
Their embryology, geological history, geographic dis-
tribution, ethology and comparative anatomy, are among
these factors. No dipterologist has ever given serious
attention to the study of extinct forms, and no classifica-
tion of any group of organisms has ever been satisfactory
until such forms have been considered and seriously con-
sidered,—paleontology and embryology especially, are
the sine qua non of any entomological classification, and,
considering the relatively slight advances which have
been made in the taxonomy of the diptera during the
past half century, now seems the opportune time for such
studies. What dipterologist will undertake them?



CLASSIFICATION OF DIPTERA. 61

Without extending these remarks to an undue length

it may be well to set down here the chief lines of evolu-
tion in diptera. As they seem to me they are as follows:

=]

. Reduction in the number of longitudinal veins from the primitive

eight or nine; and of their branches.

. Shortening of the most anterior and posterior of these, and the re-

duction of the basal cells.

Weakening of the posterior veins; loss of the marginal vein behind;
loss of the primitive cross-veins. Powerful flyers with strong
orienting powers have a supporting venation before the hind
margin, produced either by adventitious cross-veins or the
closure of cells.

Loss of antennal joints from thirty or more to three or two,
by reduction in number of homologous joints; by the progress-
ive fusion of the distal joints into the so-called ‘complex’; or
into the styvle or arista; or by the atrophy of the basal joint.
The development in size of the simplified antenna; or the
production of structural peculiarities.

Loss of palpal joints, and, as in the antennz, the development of
the simplified palpus.

The development of holopticism from a primitive dichopticism. I
do not believe that the reverse is probable—the Acalypterze
have nof descended from the Calypterz, for instance, and these
latter are, in this respect at least, as in others, the more highly
specialized insects, just as 57670 is more highly specialized than
Mycetopliila.

Loss of ocelli; diminution and loss of the compound eyes, espe-
cially characteristic of ectoparasites.

. Diminution in number of abdominal segments; the closer fusion of

the thoracic segments,

. Loss of tarsal joints; loss of empodium.

These of course are not all the lines of evolution in

diptera, but I believe that they are all irreversible, that
evolution has never recovered anything once function-
ally lost. Moreover all, or nearly all these lines of evo-
lution are polyphyletic, resulting in numerous cases of
parallel resemblances which must be taken into account
in any attempt at frue classification. FHeleropeza among
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the Cecidomyidze is an excellent example of extraordina-
ry reduction of wing veins, palpal joints and tarsal joints,
though it still retains the primitive antennze and other
primitive characters which ally it with the more gener-
alized forms of diptera. In other words, the evolution of
characters in the different lines of descent does not pro-
ceed pari passu, and opinions will always differ as to the
different values to be assigned to the specialized char-
acters. Nycteribia and Melophagus are perhaps the most
highly specialized of all insects, that is they have traveled
further from the starting point. We do not for that
reason deem them the most typical of insects, the most
highly developed—far from it.

COLLECTION AND PRESERVATION
OF DIPTERA.

Flies must be collected with much more care than can
be safely used with such insects as coleoptera. Moisture
of all kinds injures or ruins them, and specimens collected
in alcohol are worthless. For this reason the collecting
bottle should be lined throughout with blotting paper,
and the cyanide placed in the cork; a very little poison
suffices to kill them. Nor should they be allowed to be-
come too dry before pinning. The pin should be thrust
through the middle of the thorax, and the specimen
placed just so as to enable the head of the pin to be grasp-
ed by the thumb and finger safely. Very small speci-
mens should never be glued to card points, as is commonly
done with coleoptera; they should always be pinned.
Sometimes specimens may be collected and packed in
some very fine, light sawdust impregnated with carbolic
acid, where it is inconvenient or impossible to pin them.
Such specimens being gently separated from the sawdust
are allowed to remain for some hours, over, but not
touching, damp sand before pinning. To pin the small
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specimens, use narrow strips of good card-board or blot-
ting paper, thrusting a slender pin through one end and
allowing it to protrude just a little above the edge and
clipping off the longer end with a pair of pliers. Thrust
the point of the pin as held in the card-board, into the
under-side of the insect, but not entirely through it, and
a stronger pin in the reverse direction through the other
end of the small strip. The pins are to be thrust through
the card-board from edge to edge, and in consequence a
good quality is to be selected that will not split too read-
ily. The wings should never be spread, but should be
turned aside so as not to conceal the abdomen. - In the
early part of the season many interesting species will be
caught with the beating-net. ‘The pointed end of the
beating-net may be thrust, with its contents, into a bot-
tle containing a little chloroform, or into a cyanide bot-
tle, for a short time, when the specimens may be leisurely
removed. ILater in the season, flower-flies will be col-
lected from a great variety of melliferous blossoms, and
it is better to wait {for the specimens to come to such blos-
soms than to go hastily about looking for them. I have
collected from a single patch of elderberry blossoms, not
a rod in diameter, more than forty species ot Syrphidee
within ten days. Not many species are to be found in
shady woods, but those species must be sought for there.
To preserve flies in the cabinet from their insect enemies,
I use naphthaline. The head of ordinary pins, when
heated red-hot, may be thrust into the common moth-
balls sold by the druggists, which when thus mounted
serve all purposes.






TABLE OF FAMILIES.

1. Flies of a leathery or horny structure, living parasitically upon
warm-blooded vertebrates in the adult condition, the larvae born
when nearly ready to pupate; often wingless or with vestigial

“Iillgsi L] L] L] L] L) L) L] L] * Ll ﬁ5
Fiies of a softer structure, not ectoparasites upon warm-blooded
vertebrates, rarely viviparous. . : : - - = 2

2. Anal cell rarely narrowed in the border of the wing; antennz usu-
ally composed of from eight to sixteen joints and more or
less freely articulated with each other, usually longer than the
thorax; not with a differentiated style or bristle;* palpi as a
rule with four or five joints; discal cell usually absent. . 3

Anal cell, if present, closed, or much narrowed in the border of the
wing; discal cell almost always present; palpi never with more
than two joints; antennz usually composed of three joints with
a differentiated style or bristle. i A g - : 14

ORTHORRHAPHA.
A. NEMOCERA.

Anal cell rarely (some Bibionide, etc.) narrvowed in the margin,
if present; discal cell present only in many Tipulide and the Rhy-
phide; second longitudinal vein often furcate, the thivd very ravely
if ever,; palpt usually more or less elongale, composed of from one fo
Jive, usually four joinis, rarely absent; antenne usually elongate
and verticillate, generally filiform, rarely pectinate, composed of from
stx lo thirty-nine joinls, usually from eight lo sixieen, the joints of
the Aagellum homomorphic and wusually freely articulated with each
other, a styvle or arista very ravely differentialed.* For the most
part slender, delicate flies.

3. Mesonotum with a complete, V-shaped suture (incompletely V-
shaped and sinuous in the Ptychopteringe). Wings many-veined,
often with a complete di~cal cell; ocelli very rarely present;
both sexes dichoptic. For the most part large, always slender,
flies with long legs; never very small. Daddy-longlegs, craneflies.

Tipulidee, 81.

* Chionea, a wingless tipulid, has the third antennal joint ending in
a slender, three-jointed style; the flagellum of the Orphnephilidze is
aristitorm.
(8) 65
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Mesonotum never with a complete V-shaped suture, rarely with any
distinct suture. For the most part small or very small flies. 4

4. A complete discal cell present; antennz twelve-sixteen jointed;
empodia developed pulvilliform, the pulvilli absent.

Rhyphidee, 157.

No discal cel!. : . : : ; : : ; ) 5

5. Antennz composed apparently of two joints and a terminal arista,
formed by nine or ten closely united segments; second hasal

cell present and small. Rare, small flies. Orphnephilidze, 153.

Not such flies. : > : : : : : ; : 6

6. Wings with only a few longitudinal veins and no apparent cross-
veins, almost always hairy; antennz slender, usuallv twelve
to sixteen-jointed; coxze not elongate; tibize without terminal
spurs; legs not thickened; ocelli present or absent. Small or
minute, delicate, mostly gall producing flies.

Cecidomyidee, 117

Not such flies. : : : . ; : . : : 7
7. Ocelli present.* : . : - s : . ; 12
No ocelli. : : 3 : : : 4 : . : 8

8. The marginal vein is not continuous bevond the tip of the wing. g
The marginal vein encompasses the wing; second and fourth long-
itudinal veins furcate; many veined. ! : : . 10

g. Antenn slender; the joints more or less constricted, and often
bushy plumose in the male; legs slender, the femora sometimes
thickened; abdomen slender, wings usually narrow; no sexual
holopticism. For the most part slender, delicate gnats; some
small forms blood-sucking (‘punkies’.) Chironomidee, 110

Antenna always shorter than the thorax, composed of ten or
eleven closely united segments, and never plumose; legs strong,
the hind pair more or less dilated; body thick-set, the abdomen
ovate; anterior veins of wings stout, the posterior ones weak
(compare certain Bibionid@® when in doubt as to the ocelli);
males holoptic. Small or minute, blood-sucking flies; black
flies, buffalo gnats, turkey gnats. : . Simuliidae, 144

10. Wings ovate or pointed, with numerous longitudinal veins, and
without apparent cross-veins; veins verv hairy: tibize without

* The presence or absende of ocelli is not a family character; a few
forms among both the Mycetophilidee and Bibionidse appear to lack
them.
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ter minal spurs. Small or minute, moth-like flies, the wings
when at rest folded roof-shaped; rarely (FPhlebotomus) blood-
sucking. : : ; £ : . Psychodidae, g2.
Anterior cross-vein near mu:ld}e of wing, distinct; second basal
cell large and distinet; wings not folded roof-like when at
| ; . . - - : ; ‘ : - Ir

11. Wings tomentose; fringed on the hind margin; antennz of male
usually bushy plumose; the second and third veins separate at
an acute angle. For the most part blood-sucking flies; mos-
quitoes, . . : . : : Culicidee, g6

Wings bare; the thlrd vein arises from the second near the middle
of the wing, apparently continuous, the second vein arching
suddenly forward; never blood-sucking in habit. Dixidse, g4

12. Wings with a spider-web-like secondary venation.
Blepharoceridse, 148
Wings not with such secondary venation. . : : X 13

13. Coxz much elongate (moderately so in the Sciarinae); antennze
usually elongate, the joints usually with constrictions between
them; three or two ocelli present; in the latter case one situated
near each eve and sometimes perceptible with difficulty; rarely
the ocelli appear to be entirely absent; no sexual holopticism;
all the tibize spurred; second basal cell never complete.

Mycetophilidee, 131

Coxe short; the thorax not strongly arched above; antennge usu-
ally shorter than the thorax and closely jointed without marked
constrictions, sometimes 14-16 jointed, longer and slender; legs
usually strong, the pulvilli usually present (Bibioninz); eves
of male olten large and holoptic; second basal cell often com-
plete. . ; ; ; : : : Bibionidse, 140

AA. BRACHYCERA.

Anal cell closed before the bovder of the wing or distinctly narrowed
in the border; 1f absent or wvery short the antenne arve composed of
Lwo or three simple joints with ov without a style or arista. Palpi
rarely elongaled, never wilh more than one freely articulated joint,
that 1s two-jointed or one-pointed or absent. Antennce: (a) elongale,
composed of distinctly separvable joinis, the joints of the flagellum ho-
momorphous and sommetimes as many as Liarly in number; (b) com-
posed of not more than len closely united joints without style; (c)
the so-called third joint 1s complex, that is, composed of from four
lo eight segments ov annuli, the distal one or ones usually differ-
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entialed into a style or arista; (d) composed of lhree simple jornts
(sometimes apparently Lwo), with or without a differentiated, one lo
three-jointed, stvle or arista. Second vein of the winy never furcale,
the thivd ofien; discal cell almost always present.

14. Antennze composed of two or three simple joints, the distal one
not annulated nor segmentated, usually with a one to three-
jointed terminal or dorsal arista or terminal style (d), . 18

Antennz of the structure of (a), (b), or (c). : . ; 15

15. Empodia undeveloped or bristle-like; antennz elongate, the fla-
gellum composed of two or three joints, without apparent style;

front concave between the eyes in both sexes. . : : 25
Empodia developed pulvilliform; flagellum of antennge with nu-
merous, distinct joints, or forming the complex, So-called third
joint, with or without a differentiated style or bristle; body not
bristly. : . 2 . : : : : . ; 16

B. Antennce composed of more than five joints, or the thivd-joint
complex, four to eight segmenied, inclusive of stvie or arista when
present:

16, Squamse rather large; third longitudinal vein furcate; five poste-
rior cells always present; the costal vein encompasses the wing;
flagellum composed of from four to eight segments, never with
style or arista; males holoptic; proboscis of female adapted for
piercing. Horseflies, gadflies, greenheaded flies.

Tabanidsae, 176
Squame small or vestigial; for the most part Aower flies; males
usually holoptic. : . . . : : - - 17

17. Tibize without spurs; wing veins not crowded anteriorly; third
antennal joint composed of seven annuli with a terminal slender
style or arista; two submarginal, five posterior cells always pres-
ent, the foiirth closed. Very large, robust, southern flies.

Acanthomeridse, 173

Tibize almost invariably without spurs; longitudinal veins of the

wings usually more or less crowded anteriorly, the posterior

ones often weak; the costal vein does not reach beyond the tip

of the wing; scutellum often with spines; third vein almost al-

ways furcate; four or five posterior cells, the fourth rarely or
never closed; antennz long or short (b), (c).

Stratiomyidae, 164

The middle tibize, at least, with distinet spurs; the costal vein en-
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compasses the wing; third vein always furcate; five posterior
cells present, the posterior veins not evanescent; antenna (a),
(b), (c). : ; . . ! ’ . Leptidse, pt. 157

BB. Third joint of antennca simple, not composed of annuli, with
or without a differentiated style or arista.

18. Antenne apparently two-jointed, with a three-jointed arista; wings
(rarely wanting) with several stout veins anteriorly and other,
weaker ones apparently connected with them and running ob-
liguely across the wing. Femora flattened, the hind ones elon-
gated; antenn: sitnated low down. Small, hunchbacked, quick

running, bristly flies. : : : : . Phoridse, 236

Not such flies, the antenn& almost invariably with three easily
distinguishable joints. - : : : X : i 19

19. Empodia developed pulvilliform, that is three nearly equal, mem-
branous appendages on the under side of the claws. : 20
Empodia wanting, vestigial or linear, not developed like the pul-
villy, “ . . . . ’ . . . A : ; 22

20. Squame very large; thorax and abdomen inflated; head small,
eyes relatively large; antenne and venation variable.

Cyrtidee, 182

Squame of moderate size, or small, . : : : : 21

21. Middle tibize at least with spurs; no bristles on femora or tibize;
third vein furcate; five posterior cells present (four sometimes
in fDialvsis and MWisgomyia),; anterior cross-vein always dis-
tinct; third joint of antennz with a bristle or slender style,
usunally terminal. Leptidse, pt. 157

Venation intricate, the third and fourth veins often coalescent for
a short distance; tibize without spurs; antenna with a slender,
three-jointed style; usually hairy. . Nemestrinidse, 186

22. Third longitudinal vein furcate; two or more submarginal cells
EEESETTC - : : : - - - : ; 23
Third vein not furcate, but one submarginal cell. : : 31

23. Arista or style of antennae always terminal when present. 24
Arista dorsal. i - : : . .  Empididse, pt. 218

24. Front distinctly hollowed out between the eyes; eyes of males
never contiguous; basal cells large; mostly large flies. . 25

Front plane or convex; males often holoptic. - : : 26

25. Proboscis with fleshy labella at tip; venation complicated, the
fourth vein eurves forward to terminate before the tip of the



7O

26,

27.

28.

29.

30.

31.

R

33-

NORTH AMERICAN DIPTERA.

wing; palpi small or wanting. Large to very large, bristleless
flies. g y ] X . ] g . Mydaidsae, 190

Proboscis without fleshy labella at tip, horny and rigid; five pos-
terior cells almost always present; palpi usually prominent.

Mostly large, bristly, predaceous flies. : Asilidee, 192
Five posterior cells in the wing; basal cells large. - : 27
Not more than four posterior cells.® . : ; : P 29

Venation intricate; empodia and pulvilli membranous, but fre-
quently minute (see 21)..
Venation not intricate, the anterior cross-vein always apparent. 28

The fourth vein terminates before tip of wing; male sexual organs

prominent; males dichoptic. ¢ : . Apioceridse, 188
The fourth vein terminates beyond the tip of the wing; male sex-
ual organs small; males often holoptic. . Therevid:e, 205

Third antennal joint without bristle or style; three posterior cells,
the first narrowed or closed; the fourth vein terminating at or
before the tip of the wing. . . d Scenopinidee, 208

Third antennal joint usually with a terminal style; four or three
posterior cells; the fourth vein terminates beyond tip of wing. 30

Anal cell narrowly open or closed near border of wing (if discal
cell wanting, see Hilarimorpha p. 157, footnote).

Bombyliidze, 210

Anal cell closed remote from border, sometimes absent; discal cell

not rarely absent. A : : ; - Empidideze, 218
Wings pointed; no cross-veins, save at base; second basal cell
short: arista terminal: small flies. . Lonchopteridse, 240
Wings not lanceolate. : : : : : : : T

Anal cell elongate, acute, closed toward or near the border of the
wing; second basal cell nsnally long. : : . 36
Anal cell, if present, short, closed remote from the bnnler of the
wing, not acutely produced (rarely produced in a narrow, lobe-
like prolongation.) . - 2 . i i A . 33
Second basal cell confluent with discal cell, or the discal cell ab-
sent; auxiliary vein usually vestigial or indistinet; anal cell

often absent; nsunally small flies. . ! 4 34
Second hasal cell separated by a cross-vein f rom a cmnplete discal
cell; auxiliary vein and anal cell usnally complete. . 40

* ive in a very few species of Bombylitdae.
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34. For the most part brilliantly colored, predaceous flies; face of male
usually narrower than that of female; arista dorsal or terminal;
hypopygium often enlarged or conspicuous.

Dolichopodidze, 228
Not brilliantly colored, predaceous flies. . . ; . 35

35. Eyes sometimes contignous; head small, the proboscis usually
rigid; arista usually terminal. . - Empididee, pt. 218

Eves never contiguous; proboscis not rigid; arista almost always
dorsal. . : : 2 . . : A 42

CYCLORRHAPHA.

A frontal lunule above the base of the antennee; thivd antennal joint
always simple, not annulated or complex, with a terminal or dorsal
arista, rarely with a terminal sivie; third vein never furcale; never
more than three complete posterior cells present. Empodia never pul-
villiform.

36. Between the third and fourth longitudinal veins and subparallel
with them a spurious longitudinal vein; or, when rarely absent,
the first posterior cell is closed remote from the border; first
posterior cell always closed; head never with bristles, which are
rarely present elsewhere; males usually holoptic; alimost always
with a dorsal arista, rarely a terminal style. Usnally brightly
colored flower flies. . . 2N . Syrphidsae, 246

No spurious longitudinal vein., . : g : . . 37

37. Front broad in both sexes; antenna with a terminal style or dor-
sal arista; face usnally with grooves below the antennze; probos-
cis elongate and slender, often folding; no bristles anywhere
(Conopide, 261.)

Not such flies; bristles almost invariably present. : ; 38

38. Hind metatarsi enlarged and ornamented, especially in the males,
males holoptic; arista terminal. . a Platypezidse, 241
Hind metatarsi not enlarged nor ornamented. . { - 39

39. Head large, composed chiefly of the eyes, the front in the males
narrowed or the eyes contiguous; first posterior cell narrowed;
arista dorsal; rather small flies. ; . Pipunculidee, 244

Head not large, subspherical, the front broad in both sexes, pro-
boscis short, not rigid; first posterior cell narrowed; legs elon-
gated (Micropezidea pt. 264).

Head small, the front narrowed or eyes contiguous in male; first
posterior cell wide open (Fmpidide, pt. 218).
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40. Head small; proboscis more or less elongated; alula of wings nsu-
ally vestigial (£Empidide, pt. 218).

Head not unusnally small; proboscis rarely elongated; arista al-

most invariably dorsal. : e . : : : . 41

A. MYODARIA.

Never more than three posterior cells present, the first of which only may be
closed or narrowed in the margin; none of the longitudinal veins furcate ;
marginal and submarginal cells never closed; anal cell very ravely produced
toward the margin of the wing (Micvopezidee pt. Ortalidide, pt. ete.)  Antenne
three-jointed, simple, with a bare, pubescent, pectinate or plumose arista, which
15 almost always dorsal in position, never thickened into a terminal style. More
or less bristly flies.

41. Sguamsz large; front of male narrowed or eyes contiguous. 59
Squame small; eyes of male not more approximated than those of
female, or if so the narrowing is due to the diminished width of

the median stripe, the borders remaining the same, the males
never holoptic; posterior callus of thorax almost always not dis-

tinet. . : : : - : : = £ 2 a 42

B. ACALYPTERE,

Squame always small or vestigial. Awxiliary vein often indistinet or vestigial,
or closely approximated or fused with the first vein. First longitudinal vein
shortened, often very short. Basal cells small, the posterior ones often indistinct
or wanting. Males never fmfupifﬂ, Hte_,-'"rml.f in this sex never Mim‘l‘ﬁ-rﬂy narrowed .
Thorar without u:{.uup.l'frrg transverse suture; jum.rw'i'm' r'rifi'{:rs:'il"y u.nmm"fj,r alisent.
Never large flies, usually smatl or very small.

42. Auxiliary vein present, separated from first longitudinal vein and
terminating distinctly in the costa; the first vein usually ends
near or beyond the middle of the wing; posterior basal cells

present. . : : . - : - 43
Auxiliary vein absent, vesttgml or ml:mnplete the first vein usu-
ally ends in the costa before the middle of the wing. : 49

43. A distinct bristle on each side of the face near the oral margin, 1.
e. oral vibrissz present. . : : -
No oral vibrissee. . . . . . . : . .

&k

44. Mesonotum and scutellum flat; front bristly; cheeks and face bris-
tly; all the tibize spurred and with preapical bristle; seashore

flies. . : ; : Phycodromidee, 317
Mesonotum not ﬂ.ﬂtened convex; no costal spine; more than
four abdominal segments visible. - Cordyluridse, 327



46.

47.

48

49.

AT

TABLE OF FAMILIES. "3

Wings elongate, the cross-veins often approximated; post-vertical
bristles divergent; front bristly; smaller, somewhat elongate
flies; sixth and first veins short. : Heteroneuridse, 318

Front never bristly near the antenna; abdomen somewhat elon-
gate, cylindrical, usually narrowed near base. Small, black

flies about decaying matter. . : ‘ : Sepsidae, 269
Costa almost always pectinate; tibize with spurs and preapical
bristles; not very small flies. 4 A Helomyzideae, 324

. Femora thickened; hind tibize usually dilated; basal cells not very

small; first posterior cell narrowed; all the tibize with preapical
bristle. Moderate sized, bare, southern flies.
Rhopalomeridsae, 280

Not such flies, : ; : " . : i r 2 46
First posterior cell closed or narrowed in the margin; abdomen
elongate; legs long or very long. : : 2 . : 47
Not such flies. . - ] 2 2 ; 3 : ] 48
Eyes large, the cheeks and posterior orbits narrow, the occiput
concave:
Proboscis short; ovipositor not elongate. Tanypezidse, 264
Proboscis greatly elongate and folding near its middle; ovipos-
itor very long. . ; : . Conopidee, pt. 261
Head subspherical, the cheeks brcml and face retreating; probos-
cis short. . . . : g Micropezidse, 264

. One or two {ronto-orbital bristles; preapical bristle absent or pres-
ent; wings sometimes pictured; anal cell always rounded distally.
Sapromyzidee, 288
Upper fronto-orbital bristles, only, present; ovipositor horny, more
or less elongate; anal cell often acute distally, or drawn out
into a narrow, acute lobe; arista seldom plumose: no preapical
bristle (except Aufomola); wings almost invariably pictured.
Ortalididae, 272
Fronto-orbital bristles present® or absent; second joint of antenne
often elongated; postvertical bristles divergent; a preapical
bristle; ovipositor not horny; wings often pictured. Meadow

flies. ; . ) ; 3 ; 2 Sciomyzidae, 321
Head produced on each side into a lateral process for the eye;
basal cell confluent with discal cell. . : Diopsidee, 314
Head not produced into lateral processes. . : | : 50

# If small, greenish black flies of the sea-coast, with globular third
tennal joint, compare Canace (Ephydridae).
9
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50.

51

52.

54.

55

56,

57.

NORTH AMERICAN DIPTERA.

Hind metatarsi incrassate and usually shorter than the second
joint; oral vibrissz present; second basal cell distinct or not;
about excrement or near water. . ; Borborideae, 315

Hind metatarsi not incrassate and always longer than the follow-
ing joint. . . : : : : : : . y 51

Discal and basal cells united, the separating cross-vein vestigial

or absent, . : . . : : : : 52
Discal and second basal cella- L-Epdmtf_-(l : ; i ; 54
Anal cell absent. . : : : - 4 53
Anal cell complete, though often a-.nri]l 2 5 : : 54

Front bare, or at the most bristly above; small, usually light color-
ed flies. . : . 2 . Oscinidee, 310

Front often bristly; nmuih cavity 11511311}' large; no oral vibrissae;
rather small to very small black or dark-colored flies about water.

Ephydrideae, 303

Scutellum elongate, triangular; with spines or protuberances on

its margin; femora thickened. . Rhopalomeridze, 280
Flies not having all the above characters. . : ; : 55
Oral vibrisse present. . - . { : : ; ; 56
No oral vibrisse. . . : . : ; : : : 53
Arista long plumose, or pectinate above. Drosophilideae, 299
Arista bare, pubescent or short plumose. - : : - 57

Front bare or bristly at vertex only; small, black flies, with nar-
row, usually contracted abdomen. 2 : Sepsidae, 269
Front bristly at least as far as the middle; often light colored, small
or very small flies. Agromyzidee, 291; Geomyzidae, 297

. The auxiliary vein is evanescent at its tip, where it turns sharply

forward at some distance before the tip of the first vein; wings
almost always pictured; anal cell angular, or drawn out into

a narrow acute lobe; no preapical tibial bristle.
Trypetidee, 282
Auxiliary vein more or less fused with the first vein; antennae
more or less elongate and decnmbent; anal cell not produced;
rather small, elongate flies. Psilideae, 267
Posterior basal and anal cells very small; wings rarely pictured.
Small or very small, often silvery gray or whitish gray species,
Geomyzidzae, 297
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BB. CALYPTERE.

Squame well developed or of moderale size, not vestigial. Aux-
iliary vein always distinct in its whole course; first longitudinal
vein never very short, usually of considerable length. DMales often
holoptic, or the front in that sex narrowed. Thorax with complete
transverse suture; posterior callosity present. Usually flies of mod-
erale or considerable size, never very small.

5g. Oral opening small, the mouthparts small or vestigial; first poste-
rior cell closed or narrowed (except Gasfrophilus). Bot flies.

Oestridee, 344

Oral opening of usunal size, the mouthparts not vestigial. bo

6o. Hypopleura with a tuft of bristles; first posterior cell narrowed or

closed. - . . . 61
Hypopleurz not with tuft of hrlst]es ﬁ.l’Sl po::termr cell narrowed

or fully open in the margin. . : . : . ' 64

61. Antennal bristle bare or somewhat pubescent. Tachinidsae, 358
Antennal arista plumose or very distinctly pubescent. : 62
62. Arista bare on the distal half; dorsum of abdomen rarely bristly

on anterior part. 2 Sﬂ.rcnphagldaa 343
Arista plumose or LilStlIlEt]} puhe*icent to'tip. . : 63

63. Dorsum of abdomen usnally bristly on anterior part; legs nsuall;,r
long. . : . Dexiidee, 352
Abdominal bEgIllEI‘llS without hrlstles save more or less near the
tip; legs not noticeably elongated {C'tlhp]mnnzﬂ}l Muscideae, 337

64. First posterior cell narrowed or closed; arista plumose to tip.
Muscidee, pt. 337

First posterior cell very slightly or not at all narrowed in the
margin; arista plumose, pubescent or bare. Anthomyidsae, 331

AA, PUPIPARA.
65. Wingless flies, parasitic upon bats; head folding back on the dor-

sum of the thorax. - : Nycteribiid ae, 386
Winged or wingless flies, pdramlm upc:-n birds or mammals; head
not folding back npon dorsum or thorax. : : - 66

66. Antennz reduced; wings with distinct parallel veins and outer
cross-veins when present; claws simple; palpi leaf-like, project-
ing in front of the head; almost excinsively parasitic upon bats.

Streblidze, 354

Antennz usualiy more elongate, the joints more or less distinctly
separated; head sunk into an emargination of the thorax; wings,
when present, with veins more or less crowded anteriorly, the
weaker ones running outward and backward, the cross-veins
short and approximated to the base of the wing; claws large,
bidentate or tridentate; palpi not leaf-like nor protruding in
iront of the head. : : ] . Hippoboscidse, 382
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MYODARIA.

The very large group of flies, called here the Myodaria,
after Desvoidy, and very commonly known in the past
as the Muscidae, sens. lat, has been divided into many
lesser groups by students of the order. The number and
limitations of these groups are the subjects of most diver-
gent opinions, no two writers agreeing. I have, in gen-
eral, followed the opinions of Loew and Schiner where
I had none of my own, with some suggestions from
Czerny and Hendel. In deference to common usage I
give the family termination to the names of the groups
adopted, not because I believe that they are of equivalent
rank to the families, as generally accepted, of the Cyclor-
rhapha, for I most emphatically do not, but because of
common vogue. It really matters litile what they are
called, so long as 1t is distinctly remembered that they
have in general less mcrphological significance. The
only danger is that the cther families may be brokzn up
into countless groups cf equivalent rank, a result to be
deplored and which would serve no useful purpose.

The family, or superfamily, whatever it be, includes
more than a half, perhaps, of all living diptera. They,
and especially the Calypterzae, are the dominant diptera
of the present time, the latest and most highly special-
ized types of the order. And it is because of this dom-
inance that they are exceedingly hard to classify clearly
and distinctly. Nor will their classification approach a
much more satisfactory equilibrium until more of the
world’s fauna is known, especially in view of the fact
that the smaller forms in particular have been, in gen-
eral, largely neglected by competent students as the
proletariat of the order.
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That the group is a difficult one, even for the expert,
is only too true. Full descriptions and figures are al-
most indispensable in many, if not most cases for allay-
ing doubt as to genera, especially in the present chaotic
condition of the nomenclature of the Calypteree. I have
used the more commonly employed distinctions for the
‘families’ of the Calypterze, and there can be no question
but that these, oftentimes trivial, characters do, for the
most part, define natural groups, but not in all cases,
and the student must find for himself the divergent,
anomalous, or homoplastic forms. And, as a general
rule in taxonomy, he should remember that differences
are of more importance than resemblances in defining
relations. ‘That we shall discover more natural charac-
ters for their definition soon is without doubt, but, until
specialists come to some fairly general agreement as to
what these characters are, we must continue to use those
which bring together the great majority of the forms into
genetic groups.

Czerny and Hendel place much importance on the di-
rection of the postvertical bristles in the arrangement of
the Acalypteree, and I am disposed to admit the justice
of their claiin in large measure. According to these
authors these bristles are convergent in the Helomyzidze,
Sapromyzidee, Drosophilide, Geomyzidze, Milichinae
and Ochthiphilinee; erect in the Trypetidee; divergent
in the Cordyluridze, Hcteroneuridae, Ortalididse, Micro-
pezidae, Sciomyzidae, Sepsida and Lonchzidze, as these
authors accept these families..

Upon the cruciate bristles of the front they also place
not a little weight, as present more or less in the Antho-
myidee, Hetecroneuride, Ephydridee, etc. It must be
remembered, however, that all these bristles are usually
minute, often exceedingly so; or absent in forms closely
related otherwise to those having them well developed;



78 NORTH AMERICAN DIPTERA.

and they are often difficult of discernment. I am not
disposed to place a large degree of reliance upon char-
acters so inconstant.

It will be observed that, as in the former edition, I fol-
low Schiner in arranging the Myodaria in a reverse order
from that usually given in systematic works and cata-
logues. In the holoptic eyes, enlarged squamee, greater
development of the bristles, entire absence of apical
arista, and larger size, the Calypterze demonstrate their
high rank among the Cyclorrhapha; and they of course
could not have been the ancestral type from which the
Acalypterse arose. The Acalypterae are for the most
part a divergent branch with certain decadent special-
izations like those of the oligoneurous Nemocera. The
relationships between the Tanypezide or Micropezida
and certain forms which by common consent are placed
among the Conopidae, are beyond all dispute; indeed in
my opinion the Conopidee should be included among the
Myodaria, as they were by Desvoidy.

PUPIPARA.

The singular group of flies known as the Pupipara or
Eproboscidea is composed wholly of ectoparasites infest-
ing mammals, birds and other insects, living among the
hair or feathers of their hosts and subsisting upon their
juices. This parasitic habit has induced many remark-
able modifications of structure, as would be supposed.
The compound eyes are never large, and, in those flies
living upon the crepuscular or nocturnal bats, they have
become reduced to the merest vestiges. So, also, the
ocelli are in general degenerate and often wanting. The
antennge are short, the joints often apparently reduced
in number, and they are often bristly. The mouth-parts,
while still retaining all the constituent parts of most
other diptera, have become much abbreviated, and are not
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at all retractile. The body is more or less flat, the abdo-
men indistinctly segmentated in most cases and leathery
in appearance. The legs are always stout, sometimes
much elongated, with strong and stout claws, which may
have an strong pectination in addition to the enlarged
basal part. In their breeding habits all are believed to
be pupiparous, that is giving birth, not to eggs or even
young larvee, as is the case with nearly all other diptera,
but to larvee just ready to transform into puparia, an
evident adaptation to their peculiar enviromental condi-
tions. The wings, as would be supposed, are often ves-
tigial or wanting, and in many cases the venation has
undergone degeneration. But a single form is known to
be parasitic upon other insects, bees, of a family hitherto
unknown to occur in America.

Because of these marked and peculiar habits, and the
structural characters, some recent writers are inclined to
raise the rank of the group to a subordinal value, making

it equivalent to all the other diptera combined. To this,
however, I am decidedly opposed. The flies seem, with
hardly a doubt, to be merely degenerate descendants of
the Muscids, and probably of the acalyterate division.
The venation of such forms as Raymondia is characteris-
tically acalypterate; in some others there has been, ap-
parently, an elongation of the first and sixth veins, and -
an enlargement of the basal cells. Schiner long ago

escribed a pzeculiar type with reduced wings, parasitic
upon hawks, which he placed among the acalypterates
in the vicinity of the Borboridee, and it does not seem un-
likely that this is the real relationship of the whole group.
Very similar structural adaptations are observed among
the parasitic and wholly unrelated Phoridee—bristly, re-
duced antennz, loss of eyes and wings, leathery abdomen,
stout legs, etc.; or among the tsetse flies—distinctly pu-
piparous habits. The most that I am willing to concede
tothe Pupiparaisa rank equivalent to that of the Myoda-
ria. The group is a comparatively recent one geological-
ly, in all probability.



e — ¢ e A SRR P~

P cae e

1, Pedicia; 2, Atarba pleuralis; 3, Rhipidia costalis; 4, Ctenophora; 5, Epi-
plhragma sackeni; 6, Bittacomorpha clavipes; 7, Pachyrhina; 8, 9, Desmatomyia
anomala (type); 10, Aldvichia ehrmanni; 11, Dolichomyia gracilis (type); 12,
13, Nephrocerus (Penna.); 14, Ischnomyia: 156, Palloptera jucunda; 16, Clusia;
17, 18, Heterocheila; 19, Kelimis: 20, 21, Lepidophora vetusta.



I. Famiry TIPULIDJAE.

Fig. 22. Helobia hyvbrida, enlarged. After Washburn.

L.arge to moderately small, slender flies, with long,
slender legs. Head subspherical; occiput strongly de-
veloped; face often produced snout-like. Eyes round,
separated by the broad front; sometimes approximated
above and below the antennze, but never contiguous.
Ocelli almost always ( 77ichocera) wanting. Antennze
rarely shorter, usually longer than the head and thorax
together; bead or thread-like, composed of from six
( Anisomera) to thirty-nine (Cerozodia® ) joints, the joints
of the flagellum never plumose, but usually with more
or less conspicuous bristly hairs; the joints sometimes
serrated or pectinated; usually there are eleven, twelve
or fourteen joints in the flagellum. Proboscis more or
less projecting, in a few genera very much elongated;
palpi four or five jointed, the terminal joint often elon-

* This genus, from Australia, has, according to Osten Sacken, from
twenty-nine to thirty-seven joints in the flagellum, all of which, ex-
cept the terminal one or ones, are branched.

(10) 51
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gated, whiplash-like. Thorax convex above, with a very
distinct suture in the form of a shallow V, except in the
Ptychopteringze; prothorax usually distinct, collar-like;
scutellum half-round; metanotum strongly developed.
Abdomen cylindrical, composed of seven or eight joints;
genitalia prominent, in the male very variable in struc-
ture; in the female, the ovipositor (save rarely) has two
pairs of long, horny, pointed valves. Legs very long
and slender; the tibize sometimes with terminal spurs.

Fig. 24. Venation,

Wings long, but comparatively narrow; in rest spread
apart or lying parallel over the abdomen; auxiliary vein
present; always six longitudinal veins; usually a com-
plete discal cell; both basal cells long; the anal cell
usually widely open; seventh vein usually distinct (save
in the Ptychopterinae) and of variable form; axillary
lobe rounded, rarely angular,

The family Tipulidee comprises the largest of the
nematocerous flies, some of which exceed two inches in
length. The abdomen is always elongate. The legs are
very long and delicate—so delicate indeed that one sel-
dom succeeds in capturing the insects without the loss
of one or more. Flies of this description with a distinctly
impressed V-shaped ‘suture’ on the mesonotum will be
immediately recognized as belonging to this family. The
females differ from those of most other flies in having the
ovipositor adapted for the deposition of their eggs in the
ground or other firm substances. When the weather is
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favorable the eggs hatch in a little more than a week.
The larvae are ash-gray or brownish in color, more or
less transparent, composed of twelve segments. The
head is incompletely differentiated and retractile, and has
the maxilleze and mandibles more or less horny and stout;
there are short fleshy antennze in most larvae, but are
long and two-jointed in the Tipulinze. The organs of
locomotion generally consist of transverse swellings on
the under side of the body, provided with very minute,
stiff bristles. The anal end of the body is truncate, with
a single pair of spiracles; and the margins of the trunca-
ture are for the most part provided with fleshy, retractile
processes of variable size and shape. Some aquatic lar-
vee have a long tube at the end of the body, which serves
for respiration when raised to the surface of the water.

Most of the larvee live in the earth or in soil-like, de-
composing wood, in fungi, or in water. Others live on
the leaves of plants and are like caterpillars in appear-
ance, the resemblance to which is yet more heightened
by the geeen color, with a crest of tubercles on the back.

The pupsze, like those of many of the members of this
suborder, are free. The thorax has two horn-like pro-
cesses which represent the thoracic spiracles, one of
which may acquire a very great length for the purpose
of breathing from the surface while under water. The
abdominal segments have transverse rows of hairs, bris-
tles or spines, which enable the pupa to escape from its
place of concealment when about to complete its meta-
morphosis.

The adult flies are often seen in the late summer and
autumn. They will be most usually met with in mead-
ow-lands and forests, flying awkwardly for a few steps,
close to the ground till they become entangled in the
grass or twigs, and then extricating themselves, rising
again to repeat the same aimless, clumsy flight.
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=.

Fig. 25. Tipulidee. 1, Limophila luleipennis; 2, Dicranola riv-
nlaris; 3, Plectromyia modesta; 4, Amalopis calcar; 5, Trichocera
bimacula; 6, Cryplolabis paradoxa; 7, Goniomyia sulphurella; 8,
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Fig. 26. Tipulide. 23, Elliplera, sp.; 24, Diotrepha mivabilis;
25, Khipidia subpectinala; 26, Mongoma pallida; 27, Tipula subin-
Juscata; 28, Polymera albitarsis; 29, Geranomyia pallida; 30, Teu-
cholabis complexa; 31, Rhamphidia albitarsis; 32, Alarba plenralis.

‘The name of ‘daddy-long-legs’ is the one usually
applied to members of this family in England, but in
America this term is generally used to designate the
Phalangidz or harvest spiders. The name ‘crane-flies’
is preferable. Commonly they are harmless, but some
of the species in the larval state are very destructive,
feeding upon the tender rootlets of grass and grain, and
causing the plants over large surfaces to wither and die.
There are about twelve hundred species known.

—

Drimicra pilipes; 9, Limnophila quadrata; 10, Gnophomyia iristis-
sima; 11, Rhypholophus rubellus; 12, Bittacomorpha clavipes; 13,
Anisomera neglecta; 14, Rhaphidolabis tenuipes; 15, Orimarga al-
pina; 16, Dicranomyia hevetica; 17, Dicranomyia longipennis; 18,
Toxorhina magna; 19, Limnophila areolata; 20, Erioptera, sp.;
21, Helobia punctipennis; 22, Antocha opalizans. After Osten Sacken.
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In this family are placed several wingless forms, or
those with the wings more or less rudimentary. One of
the former is Chionea, the species of which are found on
snow, often in the coldest weather.

The family Tipulidee is easily divided into three sub-
families, which I prefer to call the Ptychopterinae, Lim-
nobiina and Tipulinge, and which correspond precisely
with the Ptychopterina, Tipulidze brevipalpi and Tipu-
lidee longipalpi of Osten Sacken.

The following table is chiefly based upon that of Osten
Sacken in his monograph, which will be indispensable to
the student. The nomenclature of the venation is that
of Osten Sacken.

TABLE OF GENERA.

1. Seventh longitudinal vein present, that is there are two longitud-
inal veins between the fifth vein and the posterior margin of the

wing. ; : : - : - - - - : 2
Seventh longitudinal vein absent; no distinct V-shaped suture on
mesonotum. : ; = = : : Ptychopterinze.

2. Last joint of the palpi shorter or not much longer than the two pre-
ceding together; the auxiliary vein usually ends in the costa and
is connected with the first longitudinal vein by a distinct cross-
vein; antennz six to sixteen jointed, rarely more. Limnobiinse

Last joint of the palpi whiplash-like, much longer than the three
preceding together; antennz rarely with more than thirteen
joints; the auxiliary vein ends in the first longitudinal vein by
an abrupt curvature at the tip, not connected with the first vein

by a cross-vein. . . . : : - - Tipulinee.
LIMNOBIINA.

1. Wingless, spider-like in appearance. - . : Chionea.

Winged. . . : . . : . : . s : 2

2. A single submarginal cell present. . : : - - - 3

Two submarginal cells present (one in Geoniomyia manca.) . 5

3. Antennze 14-jointed. : . : - : . Limnobiini.

Antennz 16-jointed. : : : : i - : ; 4
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Tibize with spurs at the tip; the first longitudinal vein usually ends
in the second. . : v - : . Cylindrotomini.
Tibize without spurs; the first vein ends in the costa, Antochini.

. Tibiz without spurs at the tip. : i . . Briopterini.
Tibize with spurs at the tip. - - ; : : : : 6
The subcostal cross-vein is beyond the origin of the second longi-

tudinal vein. - : : . : : 7

The subcostal cross-vein is hefore the ongm of the second longi-
tudinal vein. : : : - ; - . Amalopini
Antennze composed of sixteen joints. . ; Limnophilini.
Antenna composed of from six to ten joints, often much elongated.
Anisomerini.

LIMNOBIINI.
. Proboscis longer than the head and thorax together (29).

Geranomyia.

Proboscis shorter than the head and thorax together. . 5 2

Antennz pectinate or subpectinate, at least, in the male (25, p. 80.3)
Rhipidia.
Antennz not pectinate. . - - : - a : - 3

. A supernumerary cross-vein between the sixth and seventh veins.

Discobola.
No cross-vein connecting the sixth and seventh veins. . ; 4

Tip of the auxiliary vein usually opposite, or before, or only a short
distance beyond the origin of the second vein; marginal cross-
vein always at the tip of the first longitudinal vein; legs slender.

Dicranomyia.

Tip of the auxiliary vein usually far beyond the origin of the second
vein; marginal cross-vein sometimes at the tip but often some
distance before the tip of the first vein; legs comparatively stout.

Limnobia.

ANTOCHINI.
Rostrum at least as long as the head, sometimes very long; no mar-
ginal cross-vein. . ° . : - . . . = 2
Rostrum shorter than the head : : . : . . 4
. Wings without submarginal cell (18). . : . Toxorhina.
Wings with submarginal cell. . : . . - : - 3
. Restrum not much longer than the head (31). Rhamphidia.

Rostrum the length of the body. . 3 . Elephantomyia.
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Discal cell open. ; ; : : , . . ; . 5
Discal cell closed. ; ; : ; . ? : : 1 7

Second basal cell considerably shorter than the first. . : 6
Second basal cell of about the same length as the first (23).
Elliptera.

Three posterior cells; the great cross-vein more proximal than the
origin of the second vein (24). : : . Diotrepha.
Four posterior cells; the great cross-vein more distant than the
origin of the second vein, : : . : Orimarga.

No marginal cross-vein whatever (32, p. 8o, 2). . . Atarba.
Marginal cross-vein present. e - - : . 8

The first longitudinal vein ends in the costa nearly opposite the
inner end of the submarginal cell. : . . - : 9
The first vein ends in the costa far beyond the inner end of the
submarginal cell. . : : : .  Dicranoptycha.

. Submarginal cell as long or but little longer than the first posterior

cell (30). . : . : ’ . Teucholabies.
Submarginal cell much longer thau the first puqtermr cell (22).
Antocha.
ERIOPTERINI.
Five posterior cells; male antennz not peculiar. . Cladura.
Five posterior cells; joints of the male flagellum binodose, form-
ing apparently twenty-eight joints in the antenna (25 also fig.

5, 1, page 27, 9). : : : : : . Polymera.
Four posterior cells. ; . . - - : : - 2
The inner marginal cell has almost the shape of an equilateral tri-

angle (8). . : ; . . Cryptolabis.
Inner marginal cell of the um.nl shape - - : : 3
ngs conspicuously hairy on the whole surface or along the

\'elns L] L] L] L] L] - L L] & 4
Wings not- conspicuonsly ha!ﬂ veins bare or nearl:, S0. - 7
Antennal joints subreniform and nodose; eyes nearly contiguous

above and below. d : - Sigmatomera.
Species not having the furf:gmug r:lmracter-, : ; - 5
Wings hairy on the whole surface (11). . Rhypholophus.
Wings hairy along the veins only. . - : : : - 6

Second submarginal cell longer than the first (20). Erioptera.
First submarginal cell longer than the second. Molophilus.



TIPULID . 89

7. First submarginal cell short, not more than half the length of the
second. : : - : : . : : 8
First submarginal cell more than half the length of the second.
8. Marginal cross-vein present. . - - ‘ - . . 9
Marginal cross-vein absent (7). . . ; . Goniomyia.
g. Second submgrginal cell in contact with the discal cell, the ante-
rior cross-vein obsolete. - - : > T0
Anterior cross-vein present, the first p(}stermr cell intervening be-
tween the submarginal and the discal cells. . Empeda.
10. Seventh longitudinal vein very short; no empodia (26).
Mongoma.
Seventh longitudinal vein not unusually short; empodia present.
Paratropesa.
11. Seventh longitudinal vein conspicuously bisinuate (21). Helobia.
Seventh longitudinal vein straight. : ; : - - 12
12. Length of the auxiliary vein beyond the cross-vein at least twice
that of the posterior or great cross-vein (8). : Trimicra.
The cross-vein situated near the end of the auxiliary vein (10).
Gnophomyia.
LIMNOPHILINI.
1. Discal cell open; antennz apparently 28-jointed in the g (28).
Polmera.
Discal cell closed. . : - - - : ; . : 2
2. Marginal cross-vein wanting. . : : - Phyllolabis.
Marginal cross-vein present. . - : : : . ‘ 3
3. Wings pubescent, : : - : . : Ulomorpha.
Wings bare. : : : - : - ; : - : 4
4. Seventh vein very short, abruptly mcurved toward the anal angle
[B8). - - : : . : . - . Trichocera.
Seventh vein not unusual. . . . & ; . . 5
5. A supernumerary cross-vein between the auxiliary vein and the
costa (p. 80, 5). . : : : : . BEpiphragma.
No such supernumerary cross-vein (1, 9, 19)*. Limnophila.

* A wingless form has recently been referred to this genus, with
doubt, by Mr. Coquillett.
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ANISOMERINI.

. Three posterior cells; two submarginal cells (13). Anisomera,

Four or five posterior cells; antennz of the & sometimes much
elongated. . : ROl : . 2 : : . 2

The stigma occupies nearly the whole space between the tip of the
auxiliary vein and the marginal cross-vein. : Eriocera.

The stigma occupies but a small portion of the gpace between the
tip of the auxiliary vein and marginal cross-vein.

Penthoptera.
AMALOPINI.

. Antenna composed of thirteen joints : : : . : 2
Antenng composed of sixteen or seventeen joints. : : 5
Two cross-veins hetween the first longitudinal vein and the anterior

branch of the second vein. . : : : : : : 3
Only one cross-vein between these veins. ; - ¢ ; 4

Front with a gibbosity behind the antennz (2). . Dicranota.
Front without gibbosity. . ; ’ : - Polyangseus.

Five posterior cells; both branches of the fourth vein furcate (14).
Rhaphidolabis.
Four posterior cells; the posterior branch furcate. Plectromyia.

Four posterior cells; wings pubescent. . - ! . Ula.
Five posterior cells; wings bare. . : : ; : : 6

Anterior cross-vein nearly at right angles with the longitudinal axis
of the wing. : : : - : : - . 3 7
Anterior cross-vein at a very oblique angle with the longitudinal

axis of the wing, and parallel with the posterior cross-vein

(p. 8o, 1). : ; s ; - . : . Pedicia.
Rostrum much longer than the head. . - . Ornithodes,
Rostrum shorter than the head (4). i 5 ; Amalopis

CYLINDROTOMINI.

. Five posterior cells; colors yellow and black. Cylindrotoma.
Four posterior cells. . - : - : : : - - 2
Antennal joints subcylindrical, elongated. . : : : 3
Antennal joints subglobular; head and thorax conspicuously punct-

ulate 2 : i : - . . y : Triogma.
Colors yellow and black. . - - : : - Liogma.

Colors brownish and grayish. . & : . Phalacrocera.
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PTYCHOFTERINA.
First submarginal cell much shorter than the second. Idioplasta.

First submarginal cell much longer than the second. . : 2

Three posterior cells (12). - i : . Bittacomorpha.

Four posterior cells, : ; : : - Ptychoptera.
TIPULINAE.

. Legs long and slender, especially the tarsi; anterior branch of the

-second vein absent, obsolete or perpendicular, the rhomboid
cell more or less square. : . . . . . 2
Legs not unusually slender, anterior branch r.lf second vein present
and oblique. : : : : : - ; A ! 5

. Auntennz thirteen-jointed; male forceps complex. Dolichopeza.

Antenngze with less than thirteen joints; male forceps small, simple. 3

Fifth posterior cell not in contact with discal cell. Megistocera.
Fiith posterior cell in contact with discal cell. - : : 4

Head on a neck-like prolongation of the thorax; seventh vein short,
running into the anal angle. . : . Brachypremna.
Head more closely applied to the thorax; seventh vein terminates
in the margin at some distance from the anal angle. Tanyprema

Antennz of J pectinate or sub-pectinate. : : ; . 6
Antennz not pectinate. . : g - : ; . E 7
. Ovipositor of @ long, sword-like. . : : . Xiphura,

Ovipositor of @ long but not sword-like (p. 8o, 4). Ctenophora.

. Three posterior veins arising from the discal cell, the two anterior

sometimes arising together but the petiole always short (p. 8o, '7)

Pachyrrhina.

Two posterior veins arise from the discal cell, the anterior one fur-
cate, petiole always of considerable length. . . . 8
Antenn:z serrate; northern species. ; : . Stygeropis.
Antennz not serrate below. . ' : : : : : 9
Marginal vein wanting, but one marginal cell; antennal joints short
with minute bristles. . ; : : 5 . Holorusia.
Two marginal cells. . : g ; : Sy S 7 : 10

Abdomen slender, very long; antenna composed of twelve joints.

Longuria.
Abdomen less elongate; antenna with thirteen joints (27).

Tipula.



II. Famiry PSYCHODIDAZ.

Thickly haired, minute flies, in appearance moth-like.
Head small; ocelli wanting. Antennz as long as the
head and thorax together, bead-like; thickly haired;
composed of from twelve to sixteen joints; the two basal
joints shorter and short-cyvlindric. Proboscis usually
short; or more or less elongated (Phlebotomus) and
rigid; palpi incurved and hairy; composed of four joints
of nearly equal length. Thorax not very convex, with-
out transverse suture; scutellum rounded. Abdomen
cylindrical, composed of from six to eight segments;
male genitalia prominent. I.egs short, densely hairy;
claws small. Wings large, ovate or lanceclate in shape;
when at rest lying roof-like over the abdomen; densely
covered with hair or tomentum, which also forms a {ringe
around their margin; the costal vein continuous about
the wing; veins strong, for the most part concealed be-
neath the hair; venation formed almost wholly by longi-
tudinal veins; the anterior cross-vein is short and lies
near the root of the wing and is often difficult of discern-
ment; the second longitudinal vein arises near the origin
of the first and is furcate. Fourth vein furcate; between
these two furcations there are usually two longitudinal
veins, the precise homologies of which are uncertain; the
front one is often supposed to be an additional furcation
of the second; or it may be a furcation of the third occur-
ring before the anterior cross-vein, a peculiar structure
found elsewhere in diptera only among the Tipulideae
( Ptychopterine ). The vein just before the posterior furca-
tion terminates near the tip of the wing. Fifth and sixth
veins terminate in the border of the wing, as does also
the seventh, which is, sometimes, very short.

g2
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The members of this family are often very minute,
rarely exceeding the length of four millimeters; they are
observed in shady places, on windows, in outhouses, or
running about on leaves near streams of water, and will
be readily recognized by their peculiar moth-like appear-
ance; they run about nimbly, but their flight 1s weak.
The larvee live in rotting vegetable material, in dung, or
in water; they are peculiar in having both open spira-
cles and tracheal gills; the maxillee are imperfectly de-
veloped, there are eye-spots on the head, and the segments
behind the head are without feet, but are provided with
sucking disks, in the aquatic forms at least.

2
4 _-.-H-'.ﬁ
Fig. 26. Psychodide. 1, Msychoda, wing; 2, Pericoma, wing

(Eaton); 3. Sycorax, wing (E rltﬂt!j, 4, frichomyia, wing {Eﬂtollj

TABLE OF GENERA.

1. Two simple longitudinal veins between the forked veins. : 2
One simple longitudinal vein between the forked veins. g 4
2. The first simple vein arises from the forked vein much beyond the
anterior cross-vein (f/ebolomus!) . : Phlebotomus.
The first simple vein arises near anterior cross-vein. ; : 3
3. The second simple vein ends at or near tip of wing (1). Psychoda

The second simple vein ends distinctly beyond tip of wing(2).

Pericoma.

4. The seventh longitudinal vein (the most posterior one) not much
shorter than the sixth (4). . : Trichomyia.

The seventh longitudinal vein very *-.lmrt {3} ; Sycorax.

Il
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Fig. 27. [Dira species; enlarged. After Kellogg.

Rather small, slender, nearly bare species. Proboscis
somewhat projecting ; palpi four-jointed; antennze long,
the basal joints thick, those of the flagellum hair-like,
and the joints indistinctly distinguishable. Eyes round,
dichoptic; no ocelli. Thorax strongly convex, without
transverse suture; scutellum transverse; metanotum
arched. Abdomen long and slender, composed of seven
or eight segments, thickened posteriorly in the male,
pointed in the female. ILegs long and slender; coxee
somewhat elongated; tibiee without terminal spurs.
Wings comparatively large; auxiliary vein present, ter-
minating in the costa before the middle of the wing; the
second vein arises from the first near the middle of the
wing and appears to be the beginning of the third vein,
which continues its direction while the second arches
suddenly forward at or near the anterior cross-vein and
is furcate; fourth vein furcate; four posterior cells pres-
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IV. Famiry CULICID/AE.

Slender flies, for the most part characterized by the
projecting, slender proboscis and the thickly plumose
antennse of the males. Head small, subspherical; eyes
reniform; ocelli wanting. Antennz slender, elongate,
composed of fourteen or fifteen joints; first joint globose,
the following elongated, nearly or quite cylindrical and
beset with whorls of hair, forming, with but few excep-
tions, in the male a dense plumosity, but shorter and
less conspicuous in the female; in the male the last two
joints almost always more elongated and nearly bare.
Thorax ovate, arched, but not projecting over the head,
without transverse suture; scutellum narrow, uni- or
trilobate; metanotum usually arched. Abdomen long
and narrow, somewhat flattened, composed of eight or
nine segments; male genitalia prominent; ovipositor
short. Legs long and slender; coxz not elongate; tarsi
long:; claws often denticulate, especially in the males.

31:1 nd et

vernt R
1 ]

.avxclvary vern
i

Fig. 28. Venation of Culex.

Wings long and narrow, while at rest lying flat over
the abdomen; with six fully developed longitudinal
veins reaching the costal margin; the hind margin is

96
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fringed with hair or scales and the costal vein encom-
passes the wing ; auxiliary vein distinct, reaching to or
beyvond the middle of the wing; second, fourth and fifth
longitudinal veins furcate; third vein simple, arising
from the second angularly beyond the middle of the wing;
anterior cross-vein situated near or even proximal of the
origin of the third vein. Two basal cells present, elon-
gate, the anal cell wide open. Veins of the wings cloth-
ed with scales.

The foregoing description and figure of the wing do
not wholly agree with those of other writers. It is evi-
dent, unless we change the nomenclature of the brachy-
cerous flies, that the furcation of the second vein does
not form a submarginal cell; the so-called ‘first submar-
ginal cell’ is in reality the second marginal. Further-
more, it 1s as clearly apparent that the so-called ‘poste-
rior cross-vein’ is not the vein of that name among the
brachycerous and cyclorrhaphous flies, but is, rather, the
‘discal’ or ‘discoidal cross-vein’, or the ‘anterior basal
cross-vein'; or, at least, a cross-vein which has not yet
received a definite name.

Since the last edition of this work was published, in
1896, the marvelous discoveries in the life histories of the
Culicidae, and their agency in the transfer of disease,
have given to the family an importance in man’s econo-
my second to that of no other group of insects. Indeed,
one may say with entire truth that these little flies, or
‘gnats’ as the English call them, are the most baneful
and pestilential of all known insects. The microscopical
parasites producing malaria, yellow fever and filariasis
are now known with certainty to be transferred by the
agency of certain mosquitoes from one human being to
another, and it is probable, though of course not certain,
that if all the germ-bearing mosquitoes could be made
extinct these diseases would at least cease to trouble
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Mochlonyx cinclipes. Female adult; enlarged.
After J. B. smith.
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mankind. The parasitic microorganism is a small pro-
tozoan which undergoes development in the red corpus-
cles of the blood, destroying them, and there seems to be
no way, in general at least, in which it may be transfer-
red from one person to another save by the activity of
these insects. Taken into the mosquito’s stomach with
the blood sucked up by the insect it there undergoes
sexual regeneration, of which the newly generated germs
or ‘blasts’, penetrating the walls of the mosquito’s stom-
ach, reach the salivary glands, and are thence transfer-
red with the poisonous saliva emitted by the insect into
the wounds made by its puncturing ‘bites’.

Fig. 30. Culevr taeniovhynchus. 1, female adult; 2, front claws

of female; 3, front, 4 middle, 5, hind claws of male; all much enlarged.
After J. B. Smith.
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Not all mosquitoes are criminals in this respect. Only
certain forms of Anopheles (in its wide sense) are known
to carry the germs of malaria; while but a single species,

iy
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Fig. 31. Anopheles punclipennis. 1, female adult; 2, female pal-
pus; 3, genitalia; 4, part of wing vein showing scales; 5, front, 6,
middle claws of male; all much enlarged. After J. B. Smith.
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the Culex or Stegomyia fasciata, is so far known to cause

the deadly yellow fever. But these disease-bearing spe-

cies are widely distributed over the €arth, accounting
for the wide distribution of malaria and yellow fever.

Fig. 32. Aedes fuscus.

palpus; 4, front, 5, middle, 6, hind claws of male; all much enlarged.
After J. B. Smith.

1, female adult; 2, female palpus; 3, male
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Probably we shall yet learn of other mosquitoes which
are culprits in these respects.

This gravely important bearing of the mosquitoes in
man’s economy has given a tremendous impulse to their
study, though not always with the most happy results so
far as their taxonomy is concerned. Whereas ten or
twelve years ago only about one hundred and fifty spe-
cies of the family were known, we now have an accred-
ited list of Culicidee of nearly or quite six hundred spe-
cies, and there are probably several hundred more yet
awaiting discovery.

It seems a fact that the mosquitoes present but few and
slight structural differences among themselves; the many
closely related forms seem to indicate a late geological
crudescence. Such organisms are always difficult to
classify. The wing venation has acquired much fixity,
whereas the many secondary sexual differences in the
mouth-organs would indicate a late adaptation to blood-
sucking habits. The Culicinz probably have developed
from the corethrine type, which is doubtless an older
type, now decidedly on the wane. Until within a few
yvears scarcely a half dozen genera of the mosquitoes had
been recognized by dipterologists, and they were based
chiefly on the secondarysexual mouth characters. Within
these few years, however, the numerous writers on this
group of insects have proposed fully one hundred gen-
era, for the most part merely subdivisions of the older
genera, founded on minor characters, chiefly the shape
and arrangement of the scales of the body and wings. It
seems to be the consensus of opinion among other dipter-
ologists that the use of such characters has been car-
ried to an undue and even absurd extreme. Of course
the first requisite in classification is that distinguishing
characters shall be ‘natural’, that is genetic, not homo-
plastic or parallel characters. When such are found it
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really makes little difference how far they are carried,
save that their use in one group, necessitates or stimu-
lates the use of like minor characters in other groups.
One cannot raise a genus of Culicide to family rank,
without raising all other genera of like degree pari passu.

But I am firmly of the opinion that the scale characters
are in a high degree artificial, and that their use will

Fig. 33. Aedes musicus. 1, female adult; 3, claws of female front;
6, hind claws of male; enlarged. After J. B. Smith.
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never be accepted by dipterologists in general. And
secondary sexual characters should also be tabooed so
far as possible, since they represent merely evolutional
instability.

The formation of so many genera from these slight
characters, is, however, no worse than the attempt to
classify and name genera and species purely from the
larval stage, which has been done to a degree never be-
fore attempted by scientific dipterologists.

Upon the whole the characters made use of in the fol-
lowing table, verbally modified from Dyar and Knab,
come nearest to my own views of proper classificatory
characters for the family. I am not able to test the table
thoroughly, and cannot vouch for it, but I believe it to
be the best that has so far appeared. The student may
also consult a recent table of the genera published by
D. W. Coquillett.*

The habits of the immature stages of the Culicidee are
so familiar to all that little need be said here regarding
them.

The eggs are laid by the females upon the surface of
stagnant or nearly stagnant water, in groups or singly,
whence the young larvee, hatching, descend into the
water to form those active little creatures of the rain-
barrel, commonly known as ‘wigglers’. The pupal stage
is less active, passed in large part near the surface of the
water, hanging by the respiratory tubes. The adult in-
sect emerges from the pupal skin through a rent, using
its discarded shell as a temporary raft until its wings
are fully extricated.

The following description of the larvee of the mosqui-
toes is paraphrased from Dyar and Knab:

* Bull. U. 8. Dept. Agric. Tech. Ser. No. 11 (1906).
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Fig. 34. Psorophora ciliala. 1, female adult; 2, female palpus; 3,
front; 4, hind claws of male; enlarged. After J. B. Smith.

12
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Head well formed, enclosed in a chitinous covering;
with compound eyes, single-jointed antennze, a group of
hairs before the oral orifice, toothed mandibles, maxillze,
and single-jointed palpi. Thoracic segments consolida-
ted into a transversely elliptical flattened mass; abdomen
with nine slender and moniliform segments, the eighth
with a dorsal, respiratory opening, often prolonged into
a chitinous tube; last segment furnished with a chitin-
ous plate, and usually with four delicate anal append-
ages. The body has set@ in tufts or singly, usually
more or less conspicuously feathered. From other aquatic
nematocerous larvee, the mosquitoes are distinguished
by the presence of the mouth-brush, the shape of the
anal segment and the absence of abdominal feet. The
larvee of Dixa and the Corethrina are practicably indis-
tinguishable from those of the Culicinze, save by minor
characters.*

LR "ff-
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Fig. 35. Culicidee. 1, Megarhinus, wing; 2, Megarhinus, head,
male; 3, .dedes, wing; 4, Hemagogus, head, female; 5, front claws
of Haemagogus, male; 6, Wyeomyia, head of female; 7, Corethra, hind
tarsus.

TABLE OF GENERA.

Proboscis short, not adapted for piercing. - \ Corethringe.
Proboscis much longer than the head, firm, adapted for piercing.
Mosquitoes. . : : : . - : . Culicinee.

*] especially commend to the student interested in this family of flies
the comprehensive and richly illustrated Report upon the Mosquitoes
of New Jersey (1g04), by Prof. J. . Smith.
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CORETHRINA.
1. Hind metatarsi shorter than the following joint (Coreflira® Coquil-
lett). (fig. 29) ; : : ; | - Mochlonyx.
Hind metatarsi longer than the following joint. . : : a
2. Small species; ungues simple. . . : : : . ; 3
Large species (10 mm); ungues hifid. . : . Pelorempis.
2. Antennz verticillate (Saromyia Coquillett) (7). Corethra.

Antennaz of male thickly clothed with long hairs; of the female
with a basal and an irregular median circlet of hairs on each

joint. : 2 : 2 i : . ; Corethrella.
CULICINA.
AFTER DVAR AND ENAB.

1. Metanotum without sete (Culicini)., . ; . . . 2
Metanotum with setae (Sabethini). : ; : : CTE
2. Scutellum evenly rounded, not lobed. . . : ; > 3
Scutellum distinctly trilobate. : : : 5 : : 4
3. Second marginal cell longer than itspetiole (fig. 31) Anopheles.

Second marginal cell less than half as long as its petiole (1, 2).
Megarhinus.
4. Hind tibiz near their tip with a row of seven to twelve closely
set seta, - - . - - . - - - ; 5
Hind tibiz with none to five sparsely set setee. . - - 14
5. Scutellum with its median lobe elongate, collar-like, not tubercu-
larly prominent, . . : . ’ ; - . : 6
Seutellum with its median lobe distinctly prominent and tuber-
eular. . 3 . i : g - v - : . 7
6. Terminal antennal joints slender, long. : . Mansonia.
‘Terminal antennal joints short, broad. . - . Aedomyia.
7. Second joint of antenna very long, 14:1. : Deinocerites.
Second joint of antennz moderately long, less than 8:1. . 8

8. Second marginal cell less than half as long as its petiole.

: Uranoteenia.
Second marginal cell at least nearly as long as its petiole. 9

* My examination of the literature leads me to quite different con-
clusions than those of Coquillett regarding the types of Corethra and
Mochlonyx. There is no call for disturbing these names so long es-
tablished. :
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9. Head witha distinct neck, the occiput broad and exposed (fig. 34).
Psorophora.

Head without distinct neck, appressed to the thorax, : 10

10. Cross-veins approximated and nearly in line with the Fasal sec-
tion of the third vein. ; ; - : Culiseta.
Cross-veins not approximated, separated ln at least the length of
the posterior. . : 5 : : . . : . 11

11. Last segment of the female abdomen not extensile, large, trun-
cate; male genitalia with the harpes slender, columnar, with

bent, spined tip. . . 3 ; . Teeniorhynchus.

Last segment of the female abdomen extensile, slender: male
wenitalia with harpes broad, concavely curved. , : 12

12. Clvpeus bare. : ' T : I3
Clypeus with dense appre&-aerl qmles . : . St.egomyla,

13. Prothoracic lobes approximated (4, 5). i Haemagogus.
Prothoracic lobes well separated (figs. 32, 33). : Aedes.

14. Empodia large. : : : : : : . . Lutzia.
Empodia small (fig. 30). : : : : . . Culex.

15. Clypeus without hairs. . : - i } x . 16
Clypeus hairy on the sides. . - - : - JDb]DtlE.

16. Prothoracic lobes contiguous, denselv hairy. : Sabethes
Prothoracic lobes well separated. . : : : : ; 17

17. Eves narrowly separated by the front; probogeis rather short,
swollen at tip. . : g : a ; : : 18

Eves contiguous at vertex. . : ; ; : . : 19

18. Hind tarsi with two claws, normal (8). : . Wyeomyia.
Hind tarsi with but a single claw. : : . Limatus.

19. No erect forked scales on occiput; proboscis longer than the body.
Phoniomyia.

With a row of erect forked scales on occiput; proboscis not longer
than the body. . - : : - : : : : 20

20. Face normal, smooth. : . . : Lesticocampa.

Face with a conical process above the clypeus. Runchomyia.

The following synonymy is given by Dvar and Knab:
Anopheles Meigen: MWyzomyia Blanch., Cycloleppieron Theob:
Nototricha Coq., Cellia Theob., Arribalzagia Theob., Coeclodiazesis

D. and K.
Mansonia Blanch.: Prenmaculea Dyar.






V. Famirny CHIRONOMID.E.

Gnatlike flies of slender form, seldom reaching ten mil-
limeters in length; the males conspicuous for their plu-
mose antennz. Head small, spheroidal, more or less
concealed by a projecting, hoodlike thorax. Antennz
threadlike or beadlike with not less than six nor more
than fifteen joints; in the male usually with a long dense
plumosity; in the female with inconspicuous hairs and
sometimes with a smaller number of joints; the first joint
short and thick. Eyes reniform or oval; ocelli wanting
or rudimentary; proboscis short; palpi three or four-
jointed; the last usually elongated. Thorax ovate, very
convex, usually projecting above in front more or less
over the head; without transverse suture: scutellum
small, hemispherical. Abdomen usually narrow and
long, composed of eight segments; hypopygium project-
ing forcep-like; ovipositor very short, but little devel-
oped ; legs usually slender and long; especially the frent
pair; coxae of moderate length. Tarsi often much elon-
gated. Wings narrow and long; bare or uniformly hairy;
anterior veins stronger and darker colored than the others;
auxiliary vein complete, but usually very weak and slen-
der; second longitudinal vein usually wantiug; third
vein sometimes forked close to its origin, the upper branch
often rectangular and having the appearance of a super-
numerary cross-vein; fourth vein often, the fifth usually,
furcate; posterior cross-vein often wanting; the costal
vein terminates near the tip of the wing at the termina-
tion of the third vein.

This family comprises a large number of very delicate,
often minute flies, commonly known as midges, which
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have not been much studied by entomologists; about
one thousand species are known throughout the world.
They will be distinguished from the mosquitoes, which
they resemble very much; by the costal vein not being
continuous on the posterior side of the wing. The an-
tennz are usually conspicuous, especially in the males,
although agreeing in this respect with male mosquitoes.
The larvee are soft-skinned, worm-like, often blood-red
in color and usually aquatic, as are also the active pupee,
though some live in decomposing vegetable matter, or in
the earth. These midges are often seen, especially in
the early spring or in the autumn, in immense swarms,
dancing in the air, and have doubtless in many cases
given rise to exaggerated stories of mosquitoes. Over
meadows in the Rocky Mountains the writer has seen
them rise at nightfall in the most incredible numbers,
producing noise like that of a distant waterfall, and audi-
ble for a considerable distance. While at rest they
usually raise their forelegs in the air and keep them con-
stantly vibrating. Aquatic larvae may be frequently met
with in standing water, often extremely delicate little
creatures, so transparent as to be hardly distinguishable;
they have been dredged from nearly one thousand feet
below the surface of LLake Superior.

Most of the species are inoffensive, or actually benefi-
cial as scavengers. There are some, however, belonging
to the genus Cerafopogon and its allies, and known gen-
erally as midges, or punkies, which have the power of
sucking blood and are extremely annoying. Inthe White
Mountains, at the seashore, along mountain streams gen-
erally, and in the West Indies they are especially trouble-
some. The larve live in the flowing sap of trees, in
decaying vegetation, under fallen leaves, or in water.

I have included in this family, and have added to Pro-
fessor Johannsen's table the diagnosis of the genus
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Fig. 36. Chironomidae. 1, Ablabesmyia, wing; 2, Chironomus,
wing; 3 Corynoneura, wing (Johannsen); 4, Culicoides, wing; 5, fo-
hannseniella, wing ; sa, fohannseniella, antenna ; 6, Orthocladius,
wing; 7, Bezzia, wing; 7a Beézzia, front leg; 7b, Bezzia, palpus; 5,
Diamesa, wing (Johannsen); g, Procladius, Tanypus, wings (Jo-
hannsen); 1o, Jfohannseniella, Palpomyia wings (Johannsen); I1I,
Stenoxenus, wing (Coquillett); 12, 13, 14, Ceralopogon (empodinm of
12, omitted); 13a, Ceralopogon, antenna; 13b, Cerafopogon palpus;
15, Camplocladins (Wulp).
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L1

Stenoxenus Coquillett, (fig. 11) referred by its author to

2

new family. Mr. Coquillett’s interpretation of the

neuration is clearly wrong: the fourth vein is coalescent
with the third and first for a considerable distance, but
all three veins are distinct distally and of the usual Chi-
ronomid structure. The genus was based upon a single
female specimen without antennze, so that its more exact
position in the family must await further study.

Lok
i

TABLE OF GENERA.

BY PROF. O. A. JOHANNSEN.

. First, third and fourth longitudinal veins coalescent for the larger

part of the distance between the humeral cross-vein and the

posterior branch of the fourth; third vein long, not connected
with the first vein by a cross-vein; front concave (11).

Stenoxenus.

Fourth vein not at all coalescent with the first. . : : 2

Wings short, strap-like, thickened, and without distinet venation.

Eretmoptera.

Wings normal. : - 5 : ; : : : . 3
Posterior (i. e. the ‘anterior hasal') cross-vein present, the second
basal cell complete. : : : . : 4
Posterior cross-vein absent, no '-g.e-::mul imé,al cell . 4 T )

. Antennz with fifteen joints in both sexes, rarely twelve or four-

teen jointed in the female; long plumose, in the male, penulti-
mate joint elongate, apical jnint very small. {?}m_y_.bﬁs, Sens.

lat.) : - . . 3
Antennze of the nmie wnh nine or with fcmrteen ]'Dll‘]tb the female
with seven or eight joints. . : : : . . L
Wings bare, . : ! : : : ; ; : 4 6
Wings hairy. . : : : g : : : : : g
. Fork of the fifth vein petiolate. : : . 7
IFurcation of the fifth vein slightly pmxlumd 0[ the posterior
cross-vein. . g - : : - ’ : : : 8
First vein forked at its extremity (9). . Proecladius Skuse.
First vein simple. . : : . Psilotanypus Kieffer.
First vein forked at its extremity. . Anatopynia Johannsen.

First vein simple. . . y - . Protanypus Keiffer.
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9.

10,

I1.

I2.

13.

14.

16,

I7.

13.

Fork of the filth vein petiolate. - 10
Furcation of the fifth vein slightly pm*um*u'l ﬂf lhE ]}Dbli_:l"lﬂr

cross-vein. . : : . : 3 . : ; b NIE
IYirst vein forked at its extremity (9). . . - Tanypus.
First vein simple, . : : ; Trichotanypus Kieffer.
FFirst vein forked at its extremity. Ablabesmyia Johannsen.
Fork of the first vein and the second vein pale and indistinet; an-

tennze of the female twelve jointed. . Isoplastus Skuse.
Fourth tarsal joint shorter than the fifth, obcordate. . ; 13
Fourth tarsal joint linear. . ; . Prodiamesa Kieffer.

Antennze of the male with fourteen plumose joints; terminal joint
very long; antennz of the female with seven or eight short
haired joints (8). : . L : : Diamera.

Antenna of both sexes short-haired, thE terminal joint oval; those
of the male with nine, of the fEnm e with eight joints.

(The female does not seem to differ from Diauresa.)

Eutanypus.

Thorax with a median longitudinal fissure; small species, usually
with blackish wings having white markings. Chasmatonotus
Thorax without longitudinal fissure. . : : J : 15

Claws cleft; first vein ending not far from the tip of wing; anten-
na seven jointed in hoth sexes. : : Telmatogeton.
Claws not cleft, though sometimes toothed on the side. : 16

First vein thickened at apex, anal angle of wing obsolete; antennz
of the male with ten or eleven joints, of the female with six
joints; very minute flies (3). . : . Gorynmnema

Not with all the above characters. : : : - 17

Fourth longitudinal vein simple; antennz of male with fourteen
joints, closely sessile, plumose, the terminal joint cylindrical;
antennze of the female with seven joints, short haired; (seconi
and third joints sometimes more or less coalescent). Chirono-

mus, sens, lat. . : : . - . : 18
Fourth longitudinal vein furcate; antennze Uf lmlh sexes fourteen
jointed, except with Yersesthes. : : : : : 25

Fourth tarsal joint obcordate, shorter than the fifth; front meta-
tarsus shorter than its tibia; wing under low magnification bare.
Thalassomyia.

Fourth tarsal joint linear. : : 5 : : : : 19



19.

20.

21.

22.

23,

24.

26.

27.
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Wings bare. . : : . ‘ : : : - : 20
Wings hairy. . : g . : : : i : : 23
Front metatarsi as long or longer than tibize (2). Chironomus.

Front metatarsi distinctly shorter than their tibize. . ; 21

Legs, especially the front pair, sharply black and white annulate.
Cricotopus.
Legs not so banded. ; : - . : . : . 22

Posterior branch of fifth vein sinuous (15). Camptocladius.
Posterior branch of the fifth vein straight or gently arched (6).
Orthocladius.

SUBGENERA OF ORTHOCLADIUS.
a. Eyes hairy. . ' : : : Trichocladius Kieffer.
Eves bare. : : - : . b.

b. Pulvilli large, empodium long and filiform.
Psectrocladius Kieffer.

Pulvilli wanting. . : : : g g
c. Empodium filiform, . : . Dactylocladius Kieffer.
Empodium not distinct, : . : . Orthoecladius.

Front metatarsi longer than their tibize; anal angle of wings but
slightly developed; anterior cross-vein very short and some-
times difficult to distinguish. . ’ : . Tanytarsus.

Front metatarsi shorter than their tibize. . : . z 24

Thorax produced conically, nipple-like, in front over the head;

hind tibize dilated and hairy. : : ; Eurycenemus.
Thorax moderately produced, hind tibiz not dilated.
Metriocnemus.

. Antennz with thirteen joints (counting the large basal) wings

with anal angle; palpi three-jointed, penultimate joint swollen.
Tersesthes.

Antennz with fourteen joints in both sexes, the terminal joint
only moderately elongated; male antennz plumose (Cerafopo-
fon, sens. lat.) . . : ’ - - : - A 26

Last tarsal joint with empodium, either distinct or developed pul-
villiform; wings usually hairy; femora without spines, tarsal
claws equal. L : : : : : : 27

Last tarsal joint without empodium; wings nsually bare. . 28

Empodium well developed, almost as long as the {:lav.:s, these with-
out sete (12, 13, 14). . : . : ; Ceratopogon.
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SUBGENERA OF CERATOPOGON.

a. Wings bare. . ; : i : Atrichopogon Kieffer.
Wings hairy. : : ; : . b.

h. Hind metatarsus longer than the following joint, sometimes in

the male only equal. 2 : ; Ceratopogon.

¢. Hind metatarsus shorter than the following joint, sometimes

equal in the female. : - . Forcipomyia Megerle.

Empodium not so distinct, less than half as long as the claws, the
latter with setz at base; hind metatarsus always longer than
the following joint. (Oecacla is probably a synonym) (4).

Culicoides Latreille.

28. A cross-vein between the first and third veins. . 29
No cross-vein between the first and the third veins, Bezzia Kieffer.

SUBGENERA OF BEZZIA,
a. Femora without prominent spines on the underside.
_ Probezzia Kieffer.
bh. Some or all femora with spines. : . : .  Bezzia.

29. Femora unarmed, that is without stout black spines on the under
side (Ceralolophus Kieffer.) (5) Johannseniella Williston.

Some or all the femora spinose beneath, . : ; : 20
30. Either fore or hind femora much thickened. : : . 31
Femora not noticeably thickened (10). Palpomyia Megerle.

SUBGENEEA OF PALFPOMYIA.

a. Antenna of both sexes verticillate with short hairs.
Alasion Rondani.

Antennz of the male plumose. ; b.

. Last tarsal joint with two rows of coarse spines belﬂw
Spheaeromyas Stephens.

Last tarsal joint hairy below. . - Palpomyia Megerle.
31. Fore femora thickened. . : - e : Heteromyia.
Hind femora thickened. . ; : . Serromyia Megerle.

ADDITIONAL GENERIC REFERENCES FOR THE CHIRONOMID.E.

Johannsen. Bul. 86. N. Y. State Museum 1905. (Ablabesmyia, Ana-
topynia).
Ki