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PREFACE

Due to the great abundance and diversity of insects their taxohomy
presents many difficulties and complexities. Classification is conse-
quently a discouraging aspect of entomology to the young student
who must attempt in a short space of time to gain a sufficient knowl-
edge of relationships that may enable him to recognize the more com-
mon and important types of insect life.

Long teaching experience has served clearly to demonstrate to the
authors that the fundamental principles of classification cannot be
fully appreciated through the study of descriptive text-books, nor can
any comprehension of the infinite variety of nature be acquired except
by elose observational contact with the things themselves. Moreover,
the study of a few selected types by the laboratory method fails to give
more than a very superficial view of the organicworld, and as biological
knowledge advances, tends to emphasize the similarities between ani-
mals and to minimize the differences that exist between them. It is,
therefore, highly desirable that the principles of taxonomy be pre-
sented to the student in a practical way to demonstrate particularly
certain of its more fundamental and important phases.

The present volume is the outcome of a series of steps, developed by
the authors during the course of many years to train students in the
practical taxonomy of insects and to provide a manual for the identifi-
cation of the larger groups of insects; one which would prove useful
and reliable in the hands of professional entomologists and other
persons, especially biologists working in other fields, for the actual
identification of specimens of insects.

The precursor of the present manual was published by the authors
in 1915 and printed privately as a “Key to the Families of North
American Insects.” It has proved to be very useful and workable in
the teaching laboratory both by ourselves and others and has, we
believe, proved to be a valuable aid to entomologists and other inter-
ested persons who have occasion to identify specimens of insects. We
have regretted the geographical limitations of the original book which
have made it less useful to workers in other parts of the world, and
also the almost entire omission of aids for the identification of the
immature stages. The lack of lists of literature was also recognized as
a fault as well as the omission of keys which would serve to identify
specimens of the various other terrestrial arthropods which are fre-
quently collected by those interested in insects.
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The new volume has, therefore, been entirely rewritten to include
the families of the entire world, and in many cases subfamilies of the
larger or more important groups. A selected list of literature on the
several groups has been added, and so far as possible, keys for the
identification of the immature stages. We have also prepared an addi-
tional part dealing with the numerous other groups of terrestrial
Arthropoda.

The keys aim to reproduce as accurately as possible the most gen-
erally accepted system of classification of each group. They are neces-
sarily to some extent heterogeneous as they represent the accumulated
opinions and revisions of hundreds of workers during the course of
many decades. Taxonomy is the oldest branch of biological science
and as it has in the past had many more devotees than the recently
developed branches, it has a much more complex background. The
present treatment can in no sense be considered as original, nor does it
follow in detail any previous comprehensive system. There are numer-
ous changes from the arrangement in our previous book, although this
has served in a general way, more closely in some groups than others,
as a model for the present one. In a few groups where recent extensive
revisions have been published, these have been quite generally fol-
lowed. In others, where there is considerable disagreement among
authorities, we have attempted so far as possible to present what
seems to be the most generally acceptable classification or the one
which appears to be most rational. The arrangement of the Hymenop-
tera and Diptera represents mainly our own viewpoint, and this is to
some extent true of the Coleoptera. The systems followed in certain
other groups are indicated from time to time in the text. Where recent
monographs of certain groups have appeared, the classification there
proposed has been accepted with few changes, although we have by
no means made it a rule to regard the newest arrangement as the most
satisfactory.

The illustrations have been derived from many sources and are
in great part redrawn from published figures, although it must be stated
that many have been simplified, differently lettered or otherwise modi-
fied to adapt them to the purpose of the present manual. Ineach case,
where not original, the source of each is indicated by the name of the
author in parentheses.

Most of the figures from our previous book are reproduced here.
They were drawn mainly by Beirne Barrett Brues, the wife of one of
the authors. To these have been added an extensive series prepared
by Anna Scholl O’Connor, a considerable number by Selina Tetzlaff
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Johnson, and a few by others, including the writers. The figures have
-been selected principally to represent the general appearance of the
species of the various groups and the special structures used in classi-
fication.

The marking of accents and the indications for the proper pronuncia-
tion of the names of genera, families and higher groups has been done
in great part by Alice M. Brues, daughter of one of the authors.

The manuscript was transferred into typewritten form chiefly by
Mzs. O’Connor who has also aided greatly in the reading of the proof
and preparation of the index.

For advice and criticism on numerous occasions we are greatly in-
debted to a number of friends and co-workers, as well as to several
students, especially Mr. R. P. Dow, who was of great assistance in the
preparation of the section on Hymenoptera.

Professor W. M. Wheeler has examined the section on ants, but far"
more, has offered encouragement and criticism during the tedious
process of preparation.

Finally, we are deeply grateful to Dr. Thomas Barbour for issuing
the volume as a contribution from the Museum of Comparative
Zodlogy.

No one is more keenly aware than the writers of the great chance
that errors of statement or omission may creep into a work of this
kind. We have diligently guarded against the occurrence of such
errors during the course of preparation, but for any that may remain
we trust that we may be forgiven.
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INTRODUCTION

Approximately half a million species of insects have so far been
described and named, and their number is being gradually increased
from year to year. So far as those competent to judge are able to esti-
mate, it seems probable that this number represents perhaps one-tenth
or one-twentieth of those which actually exist upon our planet at the
present time. Their descriptions fill libraries and their final identifica-
tion requires the knowledge of specialists. Obviously no single volume
can provide means for their complete determination, and attempts to
deal with selected series of abundant species from particular regions
are always disappointing and untrustworthy. It is possible to deal
quite fully with the families into which the insects are divided within a
reasonable space and it is with their recognition that the present work
is concerned.

Identification of the families has been effected by means of analytical
keys, which have been arranged as dichotomies. There are also pro-
vided similar keys, first for the determination of the classes of Arthro-
poda, and later others for the determination of the orders of each class.
The families are then tabulated under each order. Unless the class
or order is known, the student should, therefore, first consult the “ Key
to Classes of Arthropoda’ on page 26. If it be known that the speci-
men is an insect or an arachnid, or that it surely belongs to a particular
class or order, the appropriate key (as indicated in the “Table of
Contents”’) will form the starting point for the work of identification.

Each key contains a number of couplets, or pairs of contrasting
statements which indicate clearly two characters or groups of char-
acters, one of which will agree with the specimen in hand. In the first
couplet, for example, two contrasting descriptions are given, one of
which should agree with the insect to be determined. The number at
the end of the line following this description indicates the couplet
which should next be studied, and so on until the final name is reached.
All the keys have been arranged in this way, as the writers experience
in the classroom shows that specimens can be most easily, rapidly
and accurately classified with a key of this type where the contrasting
descriptions appear together on the page and may very easily be com-
pared.

Another type of identification key has the pairs of contrasting char-
acters distinguished from other pairs by differences of indention on the
page. Keys thus arranged can be constructed to follow natural rela-
tionships more closely, but they require much more space for printing
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and in long keys are exceedingly difficult to follow. We have, therefore,
not adopted such an arrangement. v

While the dichotomies frequently represent natural relationships or
lines of phyletic development, we have not attempted to indicate
natural divisions wherever the convenience and practical arrangement
of the keys would have been sacrificed. It is at best not possible to
express the natural relationships of animals or plants by any linear
arrangement. It may be said, however, that a carefully arranged
dichotomy, in most cases, may be made to conform quite closely to
such linear arrangement as may seem most appropriate.

The keys present, therefore, to some extent an artificial, as opposed
to a natural sequence, although wherever possible a natural order has
been retained. The conspectus of families, on the other hand, aims to
present a natural classification as nearly as this can be expressed by a
linear sequence. As a linear arrangement is the only one which can be
used in a list of this sort, it must be understood that it cannot actually
indicate the relationship of the several units by their proximity in the
list. We must regard the present fauna as representing a horizontal
section of the “phyletic tree”” which we see only as a multitudinous
series of sections through its twigs and branchlets. The linear arrange-
ment of such a complex cannot even suggest the equally irregular
branches to which these twigs were attached in the past. Many of the
latter represent extinct groups, and these are not considered in the
present book, although the researches of paleontologists have served
greatly to clarify our views on the relationships of modern insects.

There is a very pronounced tendency continually to restrict the ex-
tent of families and consequently increase their number. This is greatly
deplored by many zodlogists and regarded as inevitable, if not highly
undesirable by others. The reasons for such a change are manifold.
The continual discovery of new forms rapidly increases the number of
known species and this in itself merely on the basis of numbers makes it
easier to deal with classification if we have a greater number of units of
convenient size. The more careful study of anatomical structure
frequently leads to the discovery that certain groups are polyphyletic,
that is to say, are not of common origin, but represent a convergence
or parallelism in the possession of certain closely similar characteristics.
If we are to develop a natural classification, such groups must, of
course, be divided into a number of smaller families, each easily dis-
tinguishable from the others, in fact, more easily characterized than
the original large family. Such changes are reasonable and will without
doubt be acceptable in the future to all who view them without preju-
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dice. Many such changes represent merely the elevating of groups from
subfamily to family rank, and they have been made much more ex-
tensively by workers in some groups than in others. For this reason,
if for no other the value of family rank varies in the several groups.
There is another reason for such differences which relates to the age of
the several groups. Those of greater evolutionary age usually present
more constant, clear-cut characters and can be grouped into smaller
numbers of families while those now in an active state of evolution or
differentiation show so many permutations and intergrades that the
value of the family has been cheapened and numerous very closely
related series have been accorded family rank. As already indicated
we have endeavored to follow the general custom of workers in each
group in regard to the number of families that should be recognized
at the present time. '

The characters useful for the separation of family and other major
groups are frequently of very minor nature, due to the fact that char-
acteristics of apparently trivial importance commonly persist over
long periods of time, presumably because they are not acted upon by
natural selection or other evolutionary factors. The value of such
characters is everywhere evident, but in the keys many correlated
characters of more noticeable and conspicuous kinds have been added,
even though, as indicated, they are not invariably present, and can-
not be relied on implicitly. When in the keys, such correlation char-
acters are encountered, there is need for judgment in deciding which
way to proceed.

As families and other major groups, as well as genera, are concepts
and not percepts they are constantly at the mercy of a changing view-
point and the characters used to define their limits are valid only as
accepted by present students. It is hence impossible to standardize
the family concept.

Even the selection of family names is not done in a uniform way by
" all entomologists. This is very unfortunate as it leads to the use in
some cases of several names for the same group. Thus the family name
may be formed from the oldest contained genus, or it may represent
the oldest usage, or it may be still another name long in use, but
originally formed by neither of the first two methods. We have not
been entirely consistent in the selection of these family designations,
but have tried to follow the most general present usage in each group.
Synonyms that are or have been in general use are given in italic capital
letters placed in parentheses just preceding the accepted family names
in the keys. If uniformity is ever secured in the use of family names,
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there will be a number of changes in the ones here used, and the cita-
tion of synonyms here must consequently be understood to indicate
that there is or has recently been a division in usage. Wherever a family
name has been suppressed and the group which it designates has been
merged with another, the word “Including” has been added in the
parenthesis together with the name thus suppressed.

A short, selected list of genera is given for each family. These repre-
sent large or important genera, those characteristic of particular
regions or those containing common or important species. In most
cases the geographical range is given in greatly abbreviated form. The
following abbreviations have been used, all of which should be easily
understood without explanation: cosmop., cosmopolitan; tropicopol.,
tropicopolitan; holarc., holarctic (northern hemisphere); paleearc.,
palearctic (Europe and northern Asia); nearc., nearctic (America,
north of Mexico); neotrop., neotropical (America, south of the United
States); Am., new world; ethiop., ethiopian (Africa, south of the
Sahara); ind., India; indomal., indomalayan (India and east Indian
Islands); austr., Australian. A few variants of these, as indoaustr.
and malay., need no explanation. Where genera occur in most of the
regions named or in several widely separated ones, their range is indi-
cated as widespr., widespread.

A number of vernacular names for common or important species or
groups are given from place to place, enclosed in parentheses. These are
mainly ones that are actually in use among persons not acquainted
with entomology, although certain others that have been adopted by
the American Association of Economic Entomologists as designations
for specific insects are listed also. However, no attempt has been made
to include a great many that are newly coined, cumbersome, or other-
wise of such origin or formation that they may never be expected to
come into general popular use as vernacular names.

In addition to the keys to families we have added a considerable
number of keys which serve to distinguish the subfamilies of many
of the more important or extensive families. These are printed in more
condensed form than the family keys and the couplets are numbered
a, b, ¢, etc. to distinguish them from the main keys in which they are
inserted next to the family to which they pertain Thus, although in-
serted directly into the family keys they remain entlrely independent
so far as couplet numbers are concerned.

In all cases we have endeavored to cite the family names in exact
form. Family names are by rule formed by adding the suffix “idee” to
the Latin or Latinized stem of the name of the type genus. The com-
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pound when thus formed should properly include all of the stem. Un-
less attention is given to the declension of such words according to
Latin rules, errors may occur and unfortunately a few incorrectly
formed family names have been used from time to time in publications,
sometimes over long periods. We have attempted to correct all such
errors of orthography, and trust that we have not overlooked any
others. Thus family names based on generic names ending in -cera be-
come -ceratide; in -cerus become -cerida; in -ceros become - cerotidee, ete.
The names of superfamilies have been consistently treated in a similar
way, by adding -otdea to the Latin stem of the name of the type genus
of the typical family name. No fixed rule is generally accepted for the
formation of group names and we have not always corrected the
spelling of such names. For example, Nematocera is in general use to
replace Nemocera as a suborder of Diptera. Properly this should be
Nematocerata and the well known designation of Rhopalocera for the
butterflies should be Rhopalocerata. Whether such well established
names should be emended is certainly open to question on the basis of
long usage.

The pronunciation of all family, group and generic names is indicated
in the text, following a very simple and quite satisfactory method
which was apparently first used by Asa Gray in 1848 in the first edition
of his “Text Book of Botany.” Later revisions of Gray’s manual have
continued the same method but for some reason it has not been very
generally adopted by others. An accent mark is placed over the vowel
in the accented syllable, thus indicating whether the accent should be
placed on the penultimate or antepenultimate syllable. A long vowel
is indicated by a grave accent (e.g. &, E) and a short vowel by an acute
accent (e.g. é, E). Thus with the length of the important vowel and
the accent indicated, the word may be pronounced with small chance
of error. Usage is not consistent in the pronunciation of the character
“01”” which occurs in the names of superfamilies, etc. We are advocat-
ing the sound given to the diphthong in the word “coin,” rather than
the pronunciation of the two vowels separately. The difficulty of indi-
cating this by means of accented type has led us to mark the diphthong
oi with a grave accent over the “o,” thus: di, OI.

As the names are regarded as Latin, the rules for the pronunciation
of Latin words are followed, although most generic and family names
are actually of Greek derivation. Many new Latin words or those
of non-classical origin have to be treated by analogy, for example,
those based on the names of entomologists (Winthemia, after Winthem,
Meigenia, after Meigen). In some cases, where names do not readily
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lend themselves to Latin pronunciation, none is indicated. One of the
authors has already dealt at some length with the rules governing the
pronunciation of insect names.’

A selected list of literature on the classification of insects and the
other arthropods dealt with in the present volume is included in the
text. This is intended to introduce the student to the taxonomic litera-
ture as completely as is possible in the space which could be devoted
to that purpose and since the amount of published material is enor-
mous, only those papers which may be most generally useful have been
cited. During the past ten years, approximately 30,000 separate pub-
lications on entomology have been issued, by far the greater part of
these dealing with taxonomy. Many other earlier monographs and
synopses have not yet been supplanted, either wholly or in part by
more recent studies. It has, therefore, not been an easy task to de-
termine exactly what ought to be included in such a list. In general
we have listed monographs, revisions or synopses of families and larger
groups, relating to the fauna of the whole world, or to extensive re-
gions. Often such treatments relating to quite restricted areas are
cited where the circumstances seem to warrant their inclusion. Similar
publications relating to subfamilies or smaller groups in some cases’
appear in the lists also where the abundance or importance of the
groups concerned render them of special interest. Large works relating
to the faunas of extensive regions are included and to some extent the
parts of such works are listed separately under the several groups for
more ready reference. ‘

Catalogues and bibliographies are cited rather extensively as they
serve to introduce the student to the smaller, highly specialized papers
which he will find it necessary to consult for the serious study of any
particular group. The literature of some of the larger orders like the
Coleoptera and Lepidoptera has been more frequently listed than that
of the other groups and here we have generally restricted the citations
to the most useful works, catalogues, bibliographies and those con-
taining keys for the identification of genera and species. Almost no
references to papers containing only scattered descriptions or very
incomplete synopses are included since these will be found by an
examination of the catalogues and specialized bibliographies.

In many instances long titles have been abbreviated or paraphrased
to save space and to render the scanning of the lists easier, but we
have tried in all cases to do this in such a way as not to interfere with

1 A. L. Melander. The Pronunciation of Insect Names. Bull. Brooklyn Entom. Soc., 11, pp.
93-101 (1916).
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the usefulness of the lists, for the present purpose. The references are
given with sufficient completeness to insure the ready location of each
paper.

Several languages are necessarily represented, although nearly all of
the papers cited are in one of the widely used languages, 7.e. English,
German, French, Italian, Latin, Spanish or Portuguese. The lan-
guage of the individual papers may be ascertained from the titles,
which although abbreviated are given in the language used by the
author.

The literature relating to each order is inserted at the end of the keys
of that order. In the case of the larger orders, general references are
placed together, followed by other lists relating to superfamilies or
other groups as indicated in each case, and every individual list is ar-
ranged in alphabetical order by authors. The more general works
relating to more than a single order are placed at the end of the key
to the Orders of Insects on page 38. The literature relating to the
Arachnida and other groups of terrestrial Arthropods is arranged in a
similar way, in parts following the several keys.

It is impossible to avoid the use of highly technical terms, but we
have reduced their number as greatly as clarity permits. A special
glossary will be found on page 605, containing definitions of such
special terms as are not defined in the text or by reference to figures,
or of those that cannot be readily understood by the use of a good
dictionary. The nomenclature applied to the body parts, wings, veins,
ete., is that used generally in the literature, and represents the current
usage in each group. Until quite recently the workers in nearly every
group of insects made use of special terminologies for the wing-veins
but within the last few years a more or less uniform system of nomen-
clature is coming into use. This change has been adopted in the present
book as representing the most rational method. The student will, how-
ever, encounter some difficulties in consulting the older, and even some
of the more recent, treatises and papers. Unfortunately this change
is one that cannot be avoided.

The equipment necessary for the identification of specimens of in-
sects is quite simple and inexpensive, at least that required for the
study of the larger species. Extremely small forms present greater
difficulties on account of the very minute size of the structures which
must be examined.

For species of moderate or large size, all that is necessary to observe
most structural details is a good hand lens. This should be preferably -
one having a rating of 12x or 14x magnification. Such lenses are made
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of several types. The best, known as an achromatic triplet, which
gives a clear, sharp image, is made of three lenses cemented together
into a single piece. Such a lens may be purchased for about six or

AN ExToMOLOGICAL PrIisM BiNnocurLArR MICROSCOPE

Built by the Spencer Lens Company from specifications
of A. L. Melander

An inclination joint permits tilting the prism body
forward for restful observation and allows reversal of the
usual position of the stand, thus affording a free working
space unobstructed by the upright support. At the right
is an insect holder adjustable on a universal joint, with
cork-tipped elbow for holding the insect pin so that the
specimen can be rotated constantly in focus. At the left
on a gooseneck support is the spotlight reflector, oper-
ating on low voltage.

seven dollars; or a pair, giving 8x and 12x magnification respectively,
mounted in a single holder for about ten dollars. Cheaper types,
known as Coddingtons or doublets may be purchased at considerably
lower prices, but their optical properties are comparatively poor and
they are very unsatisfactory, except for examining large or very flat
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structures. For small insects and for others as well, a binocular micro-
scope is the most satisfactory. Such an instrument, provided with
two or three paired objectives and two pairs of eyepieces made by any
of several first class manufacturers may be purchased for $150 or
slightly more. With an automobile spotlight, Jighted by a storage
battery or by a small transformer such as is used for the running of elec-
trical toys, set above the table so as to throw a spot of light on the
object, the most minute details of structure may be observed with
surprising clearness. Such an apparatus is so much better than any
other that its use is strongly to be advised.

As a rule no special method of preparation is necessary since most
of the characters made use of in the keys are readily observed on dried
pinned specimens. However, in a few cases some previous treatment is
necessary. The wings of Lepidoptera must usually be freed from their
scaly covering before the venation can be made out. For this, they
may be soaked in eau de Javelle to loosen the scales which may then
be removed by a camel’s hair brush, after which they may be dehy-
drated, cleared and mounted in balsam or varnish, on slides. Certain
small insects such as Thysanoptera may also be mounted very satis-
factorily on slides in balsam or spar varnish, preferably the latter as it
does not clear transparent structures so completely. Scale insects
should be boiled in a solution of caustic potash, washed, dehydrated,
cleared and mounted in the same way to show the minute structures
upon which these insects are classified.

For the methods of collecting, preparing and preserving insects the
reader is referred to a very comprehensive account by Professor Nathan
Banks, entitled “Directions for Collecting and Preserving Insects,”
published as Bulletin No. 67 by the United States National Museum
in Washington in 1909. ‘

Directions for the preparation of chitinous structures for study are
contained in Lee’s “Microtomist’s Vade-Mecum,”’ published by P.
Blakiston’s Sons & Co., Philadelphia (9th edit., 1928), as well as in
other less inclusive and pretentious works.
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Part I
INSECTA

CONSPECTUS OF THE HIGHER GROUPS OF INSECTA

Subclass APTERYGOTA

Order PROTURA
(Eosentomide, Acerentomide)
Order THYSANURA
(Machilidee, Lepismatidze)
Order ENTOTROPHI
CamropeomEA (Campodeidee)
Japycomea (Japygide, Projapygidee)
Order COLLEMBOLA
Suborder Arthropleona (Entomobryide, Onychiuridee, Poduridee)
Suborder Symphypleona (Sminthuride, Neelide)-

Subclass PTERYGOTA

Order GRYLLOBLATTODEA
(Grylloblattidee) .
Order ORTHOPTERA
Suborder Tettigoniodea
TrTTIGONIOIDEA (Tettigoniide, Gryllacride, Gryllide, Steno-
pelmatidee, Phasmodide)
GryrLoTaLpoipEA (Gryllotalpide, Tridactylide, Cylindrache-
tidee) :
Suborder Acridodea
AcripopEa (Acrididese, Tetrigidse, Proscopiidze)
PNEUMOROIDEA (Pneumorids)
Order PHASMATODEA
PrasMaToDEA (Bacillide, Phyllide, Phasmatidee)
Bacreriomea (Bacunculide, Bacteriidee)
Order DERMAPTERA
Suborder Forficulina
PROTODERMAPTERA
PyaipicRaNompEa (Echinosomatide, Pyragride, Pygidicranide,
Karschiellidze, Anateliidee, Diplatyidee)
PARADERMAPTERA
Lamuromra (Platylabiide, Allostethide, Esphalmenide,
Psalididee, Labiduridee, Parisolabidee, Brachylabidee)
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EUDERMAPTERA
LasiomEA (Pericomidz, Nesogastride, Vandicide, Strongylo-
psalididse, Sparattidse, Spongiphoridee, Labiida)
ForricuLopEA (Chelisodochidze, Cheliduridee, Anechuride,
Forficulidee, Eudohrniidee, Neolobophoride, Ancistrogastridee,
Opisthocosmiidz, Diaperasticida:)
Suborder Arixenina (Arixeniide)
Order DIPLOGLOSSATA
(Hemimeridse)
Order Thysanoptera
Suborder Terebrantia
AororaripoEA (Aolothripidee, Orothripidee, Melanothripidze,
Franklinothripidee)
TuaripopEA (Heterothripidee, Thripide, Panchstothripide,
Ceratothripida, Merothripidz)
Suborder Tubulifera
Pur@oTHRIPOIDEA . (Phleothripide, Ecacanthothripide, Eupa-
tithripidee, Pygothripidee, Hystrichothripidee, Megathripidee,
Idolothripidee, Chirothripoidide)
UrotariropEA (Urothripidee)
Order BLATTARIZA
PryLropromIODEA (Blaberide, Oxyhaloidee, Panchloride, Epi-
lampride, Nyctiboride, Perispheeriide, Diplopteride, Panes-
thesiidee, Cryptocercidee, Phyllodromiide, Areolariidze, Chor-
isoneuride, Ectobiidee, Nothoblattide, Attaphilidze)
Brarroipea (Blattide, Archiblattidee, Nocticolidee)
Corypiopea (Latindiide, Homceeogamiidee, Polyphagide, Cory-
diide, Atticolidee, Euthyrrhaphidee)
Order MANTODEA
(Mantide)
Order EMBIODEA
(Embiide, Oligotomidz)
Order ISOPTERA
(Mastotermitidz, Calotermitidee, Hodotermitide, Rhinotermi-
tidee, Termitidee)
Crder CORRODENTIA
Suborder Parapsocida (Phyllipsocide, Perientomide, Lepido-
psocide, Psoquillide, Atropidee, Troctide, Archipsocide)
Suborder Eupsocida (Mesopsocide, Myopsocide, Ceciliide, Psocidee,
Amphientomidse, Thyrsophorldae)
Order ZORAPTERA
(Zorotypide)
Order MALLOPHAGA
Suborder Amblycera (Gyropidz, Boopiide, Trimenoponide, Meno-
ponide, Leemobothride, Ricinide)
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Suborder Ischnocera (Trichodectide, Trichophilopteride, Nesio-
tinide, Philopteride)
Order ANOPLURA (Hzmatomyzide, Echinophthiriidee, Hematopi-
nide, Hematopinoidide, Pediculidse, Phthiriide)
Order HOMOPTERA
Suborder Auchenorrhyncha

CicapormpEa (Cicadide)

MEeMBRACOIDEA (Membracide)

CercororpEA  (Machzrotide, Tomaspidide, Clastopteride,
Cercopide)

Jassomea (Cicadellide, Gyponide, Penthimiide, Thaumasto-
scopide, Ledride, Bythoscopide, Jasside, Paropiide, Steno-
cotide, Kcebeliide, Ulopide, Nirvanide, Signoretiide, Eua-
canthidee, Pythamide, Athialoniide)

FurcoromEa (Tettigometride, Cixiide, Delphacide, Derbide,
Achilixiide, Meenoplide, Kinnaride, Dictyopharidee, Fulgor-
idee, Achilide, Tropiduchide, Nogodinide, Flatide, Acana-
loniide, Isside, Ricaniidee, Lophopide, Eurybrachide)

Suborder Sternorrhyncha

CuERMOIDEA (Chermidse)

ALEYRODOIDEA (Aleyrodidee)

ApumomEA (Aphidide, Phylloxeride)

Coccomea (Ortheziide, Monophlebide, Diaspidide, Conchas-
pidide, Lecaniide, Lacciferidee, Apiomorphide, Astero-
lecaniide, Phenacoleachidz, Coccide, Cylindrococcide, Erio-
coccide, Kermeside)

Suborder Coleorrhyncha (Peloridiidz, Pleid)
Order HEMIPTERA
Suborder Gymnocerata

ScuTeLLEROIDEA (Corimel@nida, Plataspididee, Cydnide, Scutel-
leridee, Pentatomidee, Podopide)

CoreoipEea (Corizide, Coreide, Alydide)

GERROIDEA (Gerridee, Veliidee)

ArapomEea (Isodermide, Aradide, Termatophylidee, Dysodiide,
Saldide, Thaumastotheriide, Mesoveliidee, Hebride, Hydro-
metridae)

LyczomeAa (Lygeide, Hyocephalide, Neidide, Colobothris-

tidee, Pyrrhocoridz)

TincipopEA (Piesmide, Tingidide) ‘

Repuviomea (Henicocephalide, Phymatide, Reduviide, Ploi-
ariidee, Nabidee, Joppeicidee)

PorycrENoipEA (Polyctenide)

CmicoipEA (Aepophilide, Cimicide, Velocipedide, Antho-
coride, Miridee, Microphysidee, Isometopidee)

DrpsocoroipEa (Dipsocoridee, Schizopteridz)

HevorrEPHOIDEA (Helotrephidee)
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Suborder Cryptocerata (Nerthride, Ochteride, Naucoride, Nepide,

Belostomatide, Notonectide, Corixide )

Order ODONATA
Suborder Zygoptera

CenNacrIoEA (Hemiphlebiidee, Protoneuride, Ccenagriide,
Synlestidee, Megapodagriide, Lestide, Pseudostigmatidee)

AcriomEA (Amphipterygide, Libellaginide, Epallagide, Poly-
thoridee, Agriidee)

Suborder Anisozygoptera

ErroraLEBIOIDEA (Epiophlebiidz)

Suborder Anisoptera

AscenomEias (Petaluride, Gomphidz, Cordulegastride, Asch-
nida)

LiseLLuLoipEA (Cordulidse, Libellulidee)

Order PLECTOPTERA

EprueMEROIDEA (Palingeniidz, Polymitarcidse, Ephemeridse, Pota-
manthidz, Prosopistomatidse)

BarromeA (Baetide, Caenidz, Leptophlebiide, Ephemerellidee,

 Oligoneuride)

StpaLUROIDEA (Baetiscide, Siphluride, Ametropodide, Hepta-
geniide)

Order PLECOPTERA

(Perlidee, Pteronarcide, Eustheniide, Austroperhdae Lepto-

perlide, Capniide, Nemouridee)
Order MEGALOPTERA

CorypaLoipEA (Corydalide)

S1aroipEA (Sialidee)

Order RAPHIDIODEA (Raphidiidz)
Order NEUROPTERA

ItaONOIDEA (Ithonide)

HemeroB1oIDEA (Hemerobiide, Sympherobiide, Dilaride,
Psychopside, Osmylidee, Polystoechotide, Sisyride, Chry-
sopide, Apochryside, Berothids, Trichomatide, Mantispide)

NEMOPTEROIDEA (Nemopteride)

MyrRMELEONTOIDEA (Myiodactylidee, Nymphide, Myrmeleon-
tidee, Stilbopterygide, Ascalaphidz)

ConiorTERYGOIDEA (Coniopterygidee)

Order MECOPTERA
Suborder Protomecoptera (Notiothaumidz, Meropids)
Suborder Eumecoptera (Panorpide, Boreidz, Bittacidse)
Order TRICHOPTERA
Suborder Aquipalpia
RuvacopriLombEA (Rhyacophilide, Phllopotamldae, Polycen-
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tropodide, Hydropsychide, Psychomyiide, Calamoceratide,
Odontoceride, Leptoceridee, Molannide)
HyprorriLoipEa (Hydroptilidee)
Suborder Insequipalpia
PrarYGANOIDEA (Phryganeide, Limnephilidee)
SERICOSTOMATOIDEA (Sericostomatidee)
Order LEPIDOPTERA

Suborder Jugatee
MicropTERYGOIDEA (Micropterygide, Eriocraniide, Mnesar-
chzide)
Hepiaroipea (Hepialide, Prototheoridee, Anomosetide, Paleo-
setidee)

Suborder Frenate

CossopEa (Zeuzeride, Cosside, Argyrotypide, Metarbelide,
Hypoptide, Ratardid:)

CastN1OIDEA (Castniidee, Tascinidee)

PsycuompEA (Psychide, Tal®poriide, Heterogynide, Zyge-
nidee, Charideide, Himantopteride, Pyromorphide, Eucleidz,
Megalopygide, Dalceride, Chrysopolomidse, Mimallonidze)

TorTrICOIDEA (Clethreutide, Tortricidee, Phaloniide, Carpo-
sinidee)

PrErOPHOROIDEA (Pterophoride, Orneodide, Agdistide, Oxy-
chirotida)

PyravipoipEA (Pyralidide, Tineodide, Hybleidee)

UrantompEA (Epiplemide, Uraniide, Lonomiide, Epicopeiide)

BoumsycompEa (Lasiocampide, Bombycide, Lemoniide, Cither-
oniide, Saturniide, Eupterotide, Brahmeide, Oxytenide,
Cercophanidee)

GroMETROIDEA ((Enochromatide, Boarmide, Geometride,
Sterrhidee, Larentiidee, Hemltheldae, Acidaliidee, Brephidee)

SPHINGOIDEA (Sphingidee)

TineoipEA (Adelidee, Incurvariide, Nepticulide, Ashinagidee,
Amphitheridee, Agonoxenidee, Acrolophide, Setomorphidz,
Tineideze, Amydriide, Tischeriidee, Lyonetiide, Opostegide,
(Enophilidze, Prodoxide, Epipyropide, Coleophoride, Mom-
phidee, Elachistidee, Phyllocnistidze, Heliozelidze, Douglasiide,
(Ecophoride, Ethmiide, Xyloryctidee, Stenomide, Gelechiidz,
Metachandidze, Epimarptidz, Blastobasidee, Hyposmocomidz,
Cosmopterygide, Scythridide, Epermeniidee, Argyresthesiidz,
Chlidanotidee, Yponomeutide, Cecidoside, Ridiaschinidze,
Plutellidee, Cyclotornidee, Anomologidee, Glyphipterygidee,
Heliodinidz, Copromorphidee, Ageriidee)

Nocruomea (Endromididee, Anthelide, Drepanidze, Thyatiridee,
Hypsidee, Lymantriidee, Noctuide, Lithosiide, Plusiide,
Nolidee, Hylophilidee, Cocytiidee, Arctiidee, Euchromiide,
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Agaristidee, Pericopide, Apoprogemdze, Sematuride, Cyma-
tophoride, Callidulide, Pterothysanidee)
Suborder Rhopalocera
HespErombEA (Euschemonide, Megathymide, Hesperiids)
PariLioNOIDEA (Asciide, Papilionide, Parnassiide, Danaide,
Eueidide, Ithomiide, Satyride, Brassolidee, Morphoidze, Nym-
phalide, Libytheides, Riodinide, Lycenidee)
Order DIPTERA
Suborder Nematocera
TriruromEeA (Trichoceratide, Tipulide, Limoniidee)
PsycaopopeA (Psychodide, Tanyderide, Ptychopteridee)
BLEPHAROCERATOIDEA (Blepharoceratidse, Deuterophlebiidee)
CurroNomorpEA  (Chironomide, Ceratopogonide, Thauma-
leidee, Simuliidee)
Curicorpea (Culicide, Dixidze)
AN1s0PoDOIDEA (Anisopodide, Mycetobiide, Pachyneuridee)
Bisronoipea (Hesperinidze, Bibionidz, Scatopsidee)
MyceropuiLombEA (Mycetophilide, Sciophilidee, Bolitophilidee,
Ditomyiidse, Ceroplatidee, Macroceratidee, Diadocidiidee,
) Sciaride, Cecidomyiida)
Suborder Brachycera
Division ORTHORRHAPHA
STrATIOMYIOIDEA (Stratiomyiide, Pantophthalmidee, Chiromyz-
idee, Xylomyiide)
TasanomEA (Rhagionide, Xylophagide, Coenomyiide, Taban-
idee)
TuEREVOIDEA (Therevide, Scenopinidee, Nemestrinidee, Acro-
ceratide)
AsiLompea (Bombyliidee, Asilide, Apioceratidee, Mydaidee)
Ewmpipompea (Empididse, Dolichopodidee)
D1V1s10n CYCLORRHAPHA
Series AscHizA
LoncuroprEROIDEA (Lonchopteridee)
ProroDEA (Phoridee, Termitoxeniide, Thaumatoxenidee, Braul-
idee)
Prarypezomea (Platypezide, Sciadoceratidee)
SyreaoIDEA (Pipunculids, Syrphidse)
Series ScHIZOPHORA
Section MyYoDARIA
Muscomea Tarcostomata (Tachinide, Dexiide, Phasiide,
Rhinophoridz, Sarcophagide, Calliphoridee; Muscidee, Glos-
sinidee, Anthomyiidee, Cordyluride, (Estridee)
Muscompea Haprostomata (Gastrophilidee, Ctenostylide,
Conopidze, Pyrgotide, Phytalmiide, Platystomatidee, Ptero-
callidee, Ortalidee, Ulidiidee, Richardiidee, Rhopalomeride,
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Rhinotoridee, Trypetide, Tachiniscide, Lonchzidze, Pallop-
teridee, Tanypezide, Nothybide, Micropezide, Neriide, Sep-
side, Piophilidee, Thyreophoride, Megamerinidse, Diopside,
Clusiidee, Tetanoceratidee, Dryomyzide, Neottiophilide,
Lauxaniidee, Celyphidee, Periscelide, Ccelopide, Helomyzidze,
- Trichoscelidze, Chyromyiidee, Psilide, Anthomyzidee, Opomyz-
idee, Ochthiphilidee, Tethinidee, Agromyzidee, Odiniide, Carn-
idee, Milichiidee, Cryptochetidee, Drosophilidee, Diastatidz,
Astiidee, Aulacogastride, Canaceide, Ephydride, Oscinide,
Borboride, Leptoceratida)
Section Pupirara
HirroBoscoipra - (Hippoboscide, Streblide, Nycteribiidse)
Order SIPHONAPTERA :
Suborder Fractocipita (Ischnopsyllide, Hystrichopsyllidee, Macro-
psyllidee) .
Suborder Integricipita (Pulicide, Ctenophthalmids, Dolichopsyl-
lidee, Uropsyllide, Hectopsyllidse, Tungidse)
Order COLEOPTERA
Suborder Adephaga

CaraBoipeBA (Cicindelidee, Carabide, Pseudomorphidse, Omo-
phronide, Amphizoidee, Hygrobiide, Haliplidse, Dytiscidze)

GyriNOIDEA (Gyrinidze)

PavussomeA (Pausside) -

Cupromea (Cupide)

RuysopoiEA (Rhysodide, Jacobsoniidz)

Suborder Polyphaga

HypropraILOIDEA (Hydrophilidse, Hydroscaphidz)

StapEYLINOIDEA (Silphide, Thorictidse, Spheritide, Leptinide,
Clambide, Scaphidiide, Scydmsenide, Brathinide, Staphy-
linidee, Platypsyllidee, Pselaphidee, Clavigeridee)

CucusomeA (Cucujidee, Parandride, Helotide, Passandride,
Silvanide) :

CantHAROIDEA (Lampyride, Cantharide, Lycide, Drilide, Ly-
mexylide, Micromalthide, Atractoceridse, Telegeusidse, Dasyt-
idz, Malachiide, Cleride, Corynetidz)

MosrperLomea (Cephaloidée, (Edemeridee, Mordellide, Rhipi-
phoridee, Meloidee, Eurystethide, Pythidee, Pyrochroide,
Pedilide, Anthicide, Euglenidee)

EvareromeA (Cerophytide, Cebrionide, Plastoceride, Rhipi-
ceratide, Elateride, Melaside, Throscidse, Buprestidse)

Dryoromea (Psephenide, Dryopide, Helmide, Heteroceride,
Georyssidee)

Dascyrromea (Dascyllidee, Helodide, Chelonariidee, Dermes-
tidee, Byturidee, Byrrhide, Nosodendridze, Ptinide, Ectreph-
idee, Gnostide, Eucinetidee)
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HisteromEea (Histeridee, Niponiide, Synteliidse)

CorypiomeA (Colydiidee, Murmidiide, Ostomatide, Mono-
tomide, Cryptophagide, Nitidulide, Brachypteride, Rhizo-
phagidee, Ciide, Mycetophagide, Erotylide, Languriide,
Catopochrotidee, Phalacridee, Lyctide, Anobiide, Bostrych-
idee, Lathridiide, Monotomide, Derodontide, Endomych-
idee, Myceteide, Coccinellidse, Orthoperidze, Phanocephalide,
Spheriidee, Ptiliidee, Hydroscaphide, Discolomid®, Cyatho-
ceridae)

TeNEBRIONOIDEA (Tenebrionide, Cossyphodide, Cistelide, Pe-
triidee, Lagriide, Elacatidee, Nilionide, Sphindidse, Melan-
dryidee, Scraptiide, Monommatida, Trictenotomidz)

CeraMBYCOIDEA (Prionide, Lamiide, Cerambycide, Donaciidze,
Megascelidee, Sagride, Crioceridz, Cryptocephalide, Chlamyd-
idee, Megalopodidze, Clytride, Chrysomelide, Lamprosomat-
idee, Eumolpidee, Galerucide, Halticidee, Hispide, Cassididz,
Mylabridse)

CurcuLionoipEA (Brentide, Cyladidee, Rhinomaceridz, Curcu-
lionidee, Platypodidee, Chapuisiide, Scolytide, Scolytoplaty-
podidee, Ipide, Anthribide, Aglycideridse, Proterhinidze)

ScarABEOIDEA (Passalide, Lucanide, Sinodendride, Trogide,
Scarabeide, Geotrupide, Pleocomidz, Glaphyride, Orph-
nidee, Ochod®ide, Hybosoride, Aphodiidse, Agialiide, Melo-
lonthidee, Euchiride, Rutelide, Pachypodide, Dynastide,
Phenomeride, Cetoniidse, Trichiida)

Order STREPSIPTERA

MenNGeoIDEA (Mengeidze, Mengenillidze)

STIcHOTREMATOIDEA (Stichotrematidee)

XunoipEA (Callipharixenide, Myrmecolacide, Stylopide, Hy-
lecthridee, Xenide)

Havicroruacopea (Diozoceratide, Halictophagidza)

EvrencuODEA (Elenchidz)

Order HYMENOPTERA
Suborder Chalastogastra,

PampuiviopEA (Pamphiliide, Xyelide)

TeENTHREDINOIDEA (Megalodontide, Cimbicide, Pergide, Ar-
gide, Blasticotomidee, Tenthredinide, Diprionide)

Siricomea (Xiphydriidee, Cephldae, Siricidee)

OryssompEA (Orysside)

Suborder Clistogastra,
Division TEREBRANTIA

IceneumonNoIDEA (Megalyride, Stephanide, Aulacide, Gaster-
uptionidee, Evaniidee, Ichneumonide, Braconide, Agriotypidee,
Alysiide, Trigonalide)

Cuarcipoipea (Callimomidee, Agaontide, Leucospidide, Or-
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myride, Eurytomide, Perilampide, Eucharidide, Cleonym-
ide, Encyrtide, Pteromalide, Miscogastridee, Elasmidee, Lep-
to“cenidee, Eulophide, Trichogrammatide, Mymaridz)

SerpHOIDEA (Pelecinide, Monomachide, Heloride, Roproniide,
Vanhorniidz, Serphidz, Belytide, Diapriide, Scelionide, Cal-
liceratide, Platygastride)

CynrromeA (Ibaliide, Cynipide, Figitide)

Division ACULEATA

BeruyLompea (Rhopalosomatide, Bethylidee, Dryinide, Embo-
lemide, Sclerogibbidee)

Curysipoipea (Cleptide, Chrysidide, Alienidee)

ScoL1ompEA (Sapygide, Plumariide, Scoliide, Tiphiide, Antho-
boscidee, Sierolomorphide, Thynnide, Methocide, Myrmos-
ide, Mutillidee, Apterogynidee)

FormicopEA (Formicide)

VespoipEa (Vespidee)

PsAMMOCHAROIDEA (Psammocharide)

SeaECcOIDEA (Ampulicide, Sphecide, Mellinidee, Gorytide, Nys-
sonide, Trypoxylide, Stizide, Dimorphide, Bembicide, Lar-
ridee, Miscophide, Philanthide, Cerceride, Alysonidse, Pem-
phredonide, Crabronide, Oxybelidse)

Aromea (Colletidee, Prosopidide, Andrenide, Megachilide,
Panurgide, Podaliriidee, Bombide, Euglossidee, Xylocopidee,
Ceratinidee, Stelididee, Chrysanthedide, Nomadide, Melec-
tide, Apide) :
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KEY TO THE CLASSES OF ARTHROPODA

. Antennz absent; often four or five pairs of legs, sometimes more,

very rarely less
One or two pairs of antennz present; legs variable, often three or
many pairs

. Marine animals, occasionally living near the tidal zone

Terrestrial, rarely aquatic species living in fresh water; never
living in the ocean below the tidal zone

. Respiratory organs well developed, consisting of blood gills; four

anterior pairs of legs chelate at tip; large animals, the body
covered by a convex carapace. King crabs, Horseshoe crabs.

XIPHOSTURA

Respiratory organs absent or vestigial; none of the legs chelate at

tip; body small, with extremely long legs. ... PYCNOGONIDA

. Four pairs of legs in the adult, sometimes with another more

anterior pair of appendages (pedipalpi) resembling walking

Three pairs of legs or less

. With a well developed resplratory system composed of book lungs

or of tubular traches opening by spiracles, or of both in the
same animal; reproductive organs opening near the base of the
abdomen below; integument usually heavily chitinized at least
on part of the body. Spiders, Scorpions, Mites, Ticks, etc.
ARACHNIDA (Page 535)
Without any special respiratory organs, reproductive organs open-
ing into the alimentary canal; very small or microscopic animals
with weakly chitinized integument, living in damp places or
aquatic. Water bears, Bear animalcules.
TARDIGRADA (Page 581)

. With three pairs of legs, or with only two pairs, in the latter case

the body is vermiform and shows many minute transverse
wrinkles or annulations; small or minute animals. .. ... Leenn 7
Without legs in the adult which is vermiform and shows many
minute transverse wrinkles or annulations, or with two pairs
in the embryo or young larva which is short and not thus an-
nulate; internal parasites of vertebrates (see couplet 5). (Order
Pentastomida) ARACHNIDA, part. (Page 535)

. Three pairs of legs

Two pairs of legs; body long, tapering, the integument Wlth

i
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minute transverse rings or wrinkles; living in plant or animal
tissues. Some Acarina (see couplet 5).
ARACHNIDA, part. (Page 535)
Body elongate; abdomen consisting of eleven segments, its basal
three segments each bearing a pair of vestigial legs. (Order
Protura. (If internal parasites, cf. Strepsiptera, p. 467).
INSECTA, part. (Page 28)
Body short rounded or oval; abdomen not segmented and without
appendages below. The young of some Acarina.
ARACHNIDA, part. (Page 535)
Only one pair of antennee. .. .................. ... 10
Two pairs of antennz; five or more pairs of legs; aquatic (very
rarely terrestrial) animals living in the sea or in fresh water,
provided with true gills, except in some paras1tlc forms.
CRUSTACEA (Page 534)
With three pairs of legs in the adult, and usually with wings; legs
reduced in size and structure or often completely absent in the

larva. ...ooou INSECTA (Page 28)
More than three pairs of legs; no wings; body usually very elon-
e 7 P 11

Legs of the first three segments behind the head similar, composed
of distinct joints, but of a different type from the more posterior
pairs which are not clearly jointed. Larve of some insects.

INSECTA, part. (Page 28)

Legs essentially similar, at most only the first pair strikingly
different from the more posterior ones. .. ................. 12

Legs composed of distinct, heavily chitinized segments which are
articulated by sharply differentiated joints; integument usu-
ally heavily chitinized............................co.... 13

Legs fleshy with numerous annulations, but without any clearly
articulated joints; long cylindrical, soft-bodied animals. Tropi-
cal. ... ONYCHOPHORA (Page 532)

Not more than one pair of legs on any segment of the body. .. .. 14

Two pairs of legs on some, usually on most of the segments of the
body (as indicated by the tergites); body usually more or less
cylindrical. ..................... DIPLOPODA (Page 585)

Antenne simple, not branched. .. ................... ... .. 15

Antenne branched apically, terminating in three multiarticulate
setiform appendages; nine pairs of legs; minute animals without
respiratory organs. ............. PAUROPODA (Page 583)

Legs terminating in a single tarsal claw; first pair of legs modified
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to form jaw-like poison fangs; at least nineteen body segments
and fifteen or more pairs of legs in the adult. Centlpedes

CHILOPODA (Page 599)

Legs each bearing two tarsal claws; first pair of legs more or less

reduced in size, not jaw-like and without poison gland; 15 to

22 body segments and twelve pairs of legs.
SYMPHYLA (Page 603)

CLASS INSECTA
(HEX APODA)

Small or moderate-sized, frequently very small or minute, never very
large, Arthropoda. Body of adult and sometimes also of the immature
stages more or less clearly divided into three groups of segments,
head, thorax and abdomen; those forming the head fused into a single
piece. Three thoracic segments, each bearing a pair of legs; the first
segment often much more freely articulated thdan the others; second
and third each usually bearing a pair of wings, sometimes absent on
the third or entirely wanting. Abdomen composed of eleven segments
or less, frequently six to eight, often terminated by a pair of cerci.
One pair of antenne almost always present; three pairs of mouthparts;
a pair of mandibles fitted for chewing or piercing, and two pairs of
magxillee, the latter usually bearing a jointed palpus and the first pair
usually biramose. Compound eyes and three simple ocelli usually
present. Legs almost always terminating in claws, usually nine- or
eight-jointed, occasionally less. Wings usually supplied with a series
of branched veins or chitinous thickenings, fore pair often thicker
than the hind ones. Respiration by branched, tubular trachez opening
by segmentally arranged pairs of spiracles. Development direct in the
primitive forms or with a metamorphosis often involving great changes
in form and habits. Younger stages without functional wings; in the
forms undergoing metamorphosis with the legs and antennz much
reduced and the body grub-like, caterpillar-like, or vermiform. Insects.

KEY TO THE ORDERS OF INSECTA

1. Wings developed. .. ...... ... i 2
Wingless, or with vestigial wings. .......................... 32

2. The wings of the mesothorax (the fore wings) horny, leathery or
parchment-like, at least at the base; differing materially in
texture from the membranous hind wings which exceptionally
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may be absent. Prothorax large and not fused with the meso-
thorax (except in the rare Strepsiptera, which have minute
fOre WINGS) . .. o\ ittt it 3
The mesothoracic wings membranous. .. .................... 12
. Mesothoracic wings (called tegmina or hemelytra) containing
veins, or at least the metathoracic wings not folded crossways
when hidden under the upper wings. ...................... 4
Mesothoracic wings (called elytra) veinless, of uniform, horny
consistency, the metathoracic wings, when present, folded cross-
ways as well as lengthwise when at rest and hidden beneath the
elytra; mouth mandibulate. .............. ... .. ... .. 11
. Mouthparts forming a jointed beak, fitted for piercing and suck-
1 0V 5
Mouthparts with mandibles fitted for chewing and moving later-
ally .o 6
. Head usually horizontal and with the beak arising from the under
part so as to project downwards, the gula well developed; meso-
thoracic wings usually leathery at the base and abruptly mem-
branous on the apical portion, the membranous parts usually
overlapping one another and lying flat over the abdomen when
at rest. True bugs............. . HEMIPTERA (Page 140)
Head usually vertical and with the beak arising from the back
part so as to project backward between the front legs; gula
absent, or represented by a small membrane.
HOMOPTERA (Page 106)
. Hind wings not folded, similar to the fore wings; social species,
living in colonies. Termites......... ISOPTERA (Page 93)
Hind wings folding, fan-like, broader than the fore wings. .. .. .. 7
. Usually rather large or moderately large species; antennz usually
lengthened and thread-like; prothorax large and free from the
mesothorax; cerci present; fore wings rarely minute, usually
long....... P 8
Very small active species; antennz short, with few joints, at least
one joint bearing a long lateral process; no cerci; fore wings
minute; prothorax small. Rare, short-lived insects, parasites
of other insects, usually wasps and bees.
Males of STREPSIPTERA (Page 467)
. Hind femora not larger than the fore femora; mute species; body
more or less flattened with the wings superposed when at rest;
tergites and sternites subequal. .. ........ ... .. . L 9
Hind femora almost always much larger than the fore femora,
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jumping species, if not (Gryllotalpide) the front legs broadened
for burrowing; species usually capable of chirping or making a
creaking noise; body more or less cylindrical, the wings held
sloping against the sides of the body when at rest; tergites usu-
ally larger than the sternites. Grasshoppers, Katydids, Crickets.
ORTHOPTERA (Page 48)
Body elongate; head free, not concealed from above by the pro-
thorax; deliberate movers. . e .10
Body oval, much flattened; head nearly concea]ed beneath the
oval pronotum; legs similar and fitted for rapid running, the
coxe large. Roaches............. BLATTARIZE (Page 77)
Prothorax much longer than the mesothorax; front legs almost
always heavily spined, formed for seizing prey; cerci usually
with several joints. Mantes, Leaf insects.
MANTODEA (Page 83)
Prothorax short; legs similar, formed for walking; cerci one-
jointed. Stick insects, Walking sticks.
PHASMATODEA (Page61)
Abdomen terminated by movable, almost always heavily chiti-
nized forceps; antenng long and slender; fore wings short,
leaving most of the abdomen uncovered, hind wings nearly
circular, delicate, radially folded from near the center; elongate
insects. Earwigs............... DERMAPTERA (Page 65)
Abdomen not terminated by forceps;! antenne of various forms
but usually eleven-jointed; fore wings usually completely
sheathing the abdomen; generally hard-bodied species. Beetles,
Weevils. ...................... COLEOPTERA (Page 408)
With four wings. . .
With but two w1ngs (the mesothoracw) usually outspread when
at rest. .30
Wings long, very narrow, the margms frlnged w1th long halrs, al-
most veinless; tarsi one- or two-jointed, with swollen tip;
mouthparts asymmetrical, without biting mandibles, fitted
for lacerating and sucking plant tissues; no cerci; minute spe-
cies. Thrips................. THYSANOPTERA (Page 72)
Wings broader and most often supplied with veins, if rarely some-
what linear the tarsi have more than two joints and the last
tarsal jointisnotswollen. .. ............... ... .......... 14
Hind wings with the anal area folded in plaits, fan-like, in repose,

1If very rarely (one African genus) with apical forceps-like appendages, the wings are not as
in Dermaptera.
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larger than the fore wings; antenna prominent; veins usually
numerous; larve aquatic

Hind wings not folded, not larger than the fore wings, the anal
area small and not separated

5. Tarsi five-jointed; cerci not pronounced

Tarsi three-jointed; body rather flattened, with jointed cerci;
Wings at rest overlapping the abdomen, prothorax large, free;
species of moderate to large size. Stone-flies.

PLECOPTERA (Page 176)

. Costal area with few crossveins; wing with the surface hairy; pro-
thorax small; species of small to moderate size. Caddice flies.

TRICHOPTERA (Page 191)

Costal area with many crossveins; prothorax rather large; species
of moderate to large size MEGALOPTERA (Page 179)

. Antenne short and inconspicuous; wings netveined with numerous
crossveins; nymphs aquatic. (SUBULICORNIA)

Antenne larger, distinct, if rarely small the crossveins are few;
larvee almost always terrestrial

. Hind wings much smaller than the fore wings; abdomen ending in
long, thread-like processes; tarsi normally four- or five-jointed;
sluggish fliers. May flies PLECTOPTERA (Page 169)

Hind wings nearly like the fore wings; no caudal setee; tarsi three-
jointed; vigorous, active fliers, often of large size. Dragon flies,
Damsel flies ODONATA (Page 159)

. Head produced into a mandibulate beak (Fig. 354), hind wings
not folded; wings usually with color pattern, the crossveins
numerous; male genitalia usually greatly swollen, forming a
reflexed bulb. Scorpion flies MECOPTERA (Page 189)

Head not drawn out as a mandibulate beak; male abdomen not
forcipate

. Mouth mandibulate

Mouth haustellate, the mandibles not formed for chewing; no
cerci; crossveins few

. Tarsi five-jointed, if rarely three- or four-jointed, the hind wings
are smaller than the front ones and the wings lie flat over the
body; no cerci

Tarsi two-, three- or four-jointed; veins and crossveins not numer-

. Prothorax small or only moderately long. (In Mantispidee the
prothorax is very long, but the front legs are strongly rap-
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Prothorax very long and cylindrical, much longer than the head;
front legs normal; antenna with more than eleven joints; cross-
veins NUmMerous. .. ............ RAPHIDIODEA (Page 180)

Wings similar, with many veins and crossveins; prothorax more
or less free. If the neuration is very rarely reduced (Coniop-
teryx) the wings are powdered. .......................... 24

Wings with relatively few angular cells, the costal cell without
crossveins; hind wings smaller than the fore pair; prothorax
fused with the mesothorax; abdomen frequently constricted
at the base and ending in a sting or specialized ovipositor.

Ants, Wasps, Bees, ete.. .. .. ... HYMENOPTERA (Page471)
Costal cell, at least in the fore wing, almost always with many
CTOSSVEINS. .. .. .\overeennn. .. NEUROPTERA (Page 181)
Costal cell without crossveins. .. ... MECOPTERA (Page 189)

Wings equal in size, or rarely the hind wings larger, held super-
posed on the top of the abdomen when at rest; media fused
with the radial sector for a short distance near the middle of the
wing; tarsi three-, four-, or five-jointed .................. 26

Hind wings smaller than the fore wings; wings held at rest folded
back against the abdomen; radius and media not fusing; tarsi
two- or three-jointed. .. .................. .. ... ... .. ..., 27

Tarsi apparently four-jointed; cerci usually minute; social species,
living in colonies. .. ................. ISOPTERA (Page 93)

Tarsi three-jointed, the front metatarsi swollen; cerci conspicu-
ous; usually solitary species.......... EMBIODEA (Page 91)

Cereci absent; tarsi two- or three-jointed; wings remaining attached
throughout life; radial sector and media branched, except
when fore wings are much thickened.

CORRODENTIA (Page 96)

Cerci present; tarsi two-jointed; wings deciduous at maturity,
the neuration greatly reduced; radial sector and media simple,
unbranched. ................... ZORAPTERA (Page 100)

Wings not covered with scales, not outspread when at rest; pro-
thorax large; antenna with few joints; mouthparts forming a
jointed piercing beak.............. ... ... ... ... 29

Wings and body covered with colored scales which form a definite
pattern on the wings; antenns many-jointed; mouthparts when
present forming a coiled tongue. Moths and Butterflies.

LEPIDOPTERA (Page 198)

Beak arising from the back of the head. ‘

HOMOPTERA (Page 106)
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Beak arising from the front part of the head.
HEMIPTERA (Page 140)
. Mouth not functional; abdomen furnished with a pair of caudal
filaments
Mouthparts forming a proboscis, only exceptionally vestigial;
abdomen without caudal filaments; hind wings replaced by
knobbed halteres. Flies, Mosquitoes, Midges.
DIPTERA (Page 264)
. No halteres; antennz inconspicuous; crossveins abundant. A few
rare May flies. .. PLECTOPTERA (Page 169)
Hind wings represented by minute hook-like halteres; antennsee
evident; neuration reduced to a forked vein; crossveins lacking;
minute delicate insects. Males of Scale insects.
HOMOPTERA (Page 106)
. Body more or less insect-like, 7.e. with more or less distinct head,
thorax and abdomen, and jointed legs, and capable of locomo-

. Terrestrial, breathing through spiracles; rarely without special
respiratory organs

Living in the water; usually gill-breathing, larval forms

Parasites on warm-blooded animals . .

. Mouthparts vestigial, retracted in the head and scarcely or not
at all visible; underside of the abdomen with styles or other ap-
pendages; very delicate small or minute insects. (APTERY-
GOTA)

Mouthparts mandibulate, formed for chewing (if body is covered
with scales, see Thysanura)

Mouthparts haustellate, formed for sucking

. Abdomen consisting of ten to twelve segments, no ventral sucker
at its base, no terminal springing apparatus

Abdomen consisting of six segments or less, with a forked
sucker at base below and usually with a springing apparatus
(furcula) near the tip beneath; cerci absent.

COLLEMBOLA (Page44)

. Basal three segments of the abdomen with ventral styles; antennee

absent; no cerci, but a short anal tube present; head pear-shaped;

prothorax short; abdomen with twelve segments; minute,
cylindrical species. (Class MIRIENTOMATA).
PROTURA (Page 40)
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Ventral styles occurring to the seventh segment; antennsee thread-

like; cerci present; prothoraxnot short. ................... 37

Body never scaly; mouthparts concealed except for the palpi;

apex of the abdomen without a median process.

" ENTOTROPHI (Page 43)

Body usually covered with minute scales; tips of the mouthparts
visible; abdomen with a median cerciform appendage.

THYSANURA (Page 41)

Underside of abdomen entirely withoutlegs.................. 39

Abdomen bearing false legs beneath which differ from those of

the thorax; body caterpillar-like, cylindrical, the thorax and

abdomen not distinctly separated; larval forms. ........... 55
Antennz long and distinet. .. ........ ... . ... S 40
Antenns short, not pronounced; larval forms................53
Abdomen terminated by strong movable forceps prothorax free.

Earwigs. .. ...ooviiiiiiin... DERMAPTERA (Page 65)
Abdomen not ending in foreeps. .. ........ ...l 41
Abdomen not strongly constricted at the base, broadly joined to

thethorax. ... ... iiven i 42

Abdomen strongly constricted at the base; prothorax fused with
the mesothorax. Ants, etc.... . HYMENOPTERA (Page 471)
Head not prolonged into a beak ............................ 43
Head produced into a mandibulate beak.
MECOPTERA (Page 189)
Very small (three millimeters), louse-like jumping species; pro-
thorax inconspicuous. Book lice. CORRODENTIA (Page 96)
Larger, or at least not louse-like species; prothorax large. .. .. .. 44
Hind legs fitted for jumping, the femora enlarged; wing-pads of
larvee when present in inverse position, the metathoracic over-

lapping the mesothoracic. ........ ORTHOPTERA (Page 48)
Hind legs not enlarged for jumping; wing-pads, if present in
normal position. .......... ..ol 45
Prothorax much longer than the mesothorax; front legs fitted for
ETaspPINg PIeY « «vovveenneneonnnnn MANTGDEA (Page 83)
Prothorax not greatly lengthened. ......................... 46
Cerci present; antenns usually with more than fifteen joints, often
many-]omted .......................................... 47
No cerci; body often hard-shelled antennz usually with eleven
joints .. COLEOPTERA (Page 408)
Cerci with more than three joints. ......................... 48

Cerci short, with one to three joints. ....................... 50
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Body flattened and oval; head inflexed; prothorax oval. Roaches.
BLATTARIE (Page 77)
Body elongate; head nearly horizontal. .....................
Cerci long; ovipositor chitinized, exserted; tarsi five-jointed.
GRYLLOBLATTODEA (Page47)
Cerci short; no ovipositor; tarsi four-jointed.
ISOPTERA (Page 93)
Tars1 five-jointed; body very slender and long. Walking-sticks.
PHASMATODEA (Page 61)
Tarsi two- to four-jointed; body notlinear. .................. 51
Front tarsi not enlarged. ........ ... ... ... .. ... .. 52
Front tarsi with the first joint swollen. .. EMBIODEA (Page 91)
Tarsi apparently four-jointed; cerci with several joints; antennze
with nine to thirty joints........... ISOPTERA (Page 93)
Tarsi two-jointed; cerci one-jointed; antenne nine-jointed; minute
SPECIES .t et ZORAPTERA (Page 100)
Body cylindrical, caterpillar-ike ... . MECOPTERA (Page 189)

- Body more or less depressed, not caterpillar-like. .. ........... 54

Mandibles united with the corresponding maxillee to form sucking
jaws (Fig. 975). .. ..ot Larve of NEUROPTERA
Mandibles almost always separate from the maxille (Figs. 972,
973, 976, 977, 979, 980, 983, 984, 986, 992).
Larve of COLEOPTERA, RAPHIDIODEA, STREPSIPTERA
False legs numbering five pairs or less; located on various abdomi-
nal segments; but not on the second; the false legs (prolegs)
tipped with many minute hooks. (Flgs 978, 982).
Larvee of LEPIDOPTERA (Page 240)
False legs numbering from six to ten pairs, one pair of which
occurs on the second abdominal segment; the prolegs not tipped
with minutehooks. ....................................56
Head with a single ocellus on each side. (Figs. 966-971).
Larve of some HYMENOPTERA (Page 408)
Head with several ocelli on each side. Larve of MECOPTERA
Body bare or with few scattered hairs, or with waxy coating. .. .58
Body densely clothed with hairs or scales; proboscis if present
coiled under the head. Moths. LEPIDOPTERA (Page 198)
Last tarsal joint swollen; mouth consisting of a triangular un-
jointed beak minute species. Thrips.
THYSANOPTERA (Page 72)

: Tar81 not bladder-like at the tip, and with distinct claws. ......59

Prothorax distinet. ................ e 60
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Prothorax small, hidden when viewed from above.
DIPTERA (Page 264)
Beak arising from the front part of the head.
HEMIPTERA (Page 140)
Beak arising from the back part of the head.
HOMOPTERA (Page 106)
Mouth mandibulate. .. .......... ... . ... 62
Mouth haustellate, forming a strong pointed inflexed beak.
Nymphs of HEMIPTERA
Mandibles exserted straight forward and united with the cor-
responding maxillee to form piercing jaws.
Larve of some NEUROPTERA
Mandibles normal, moving laterally to function as biting jaws. .63
Body not encased in a shell made of sand, pebbles, leaves, etc.. .64
Case-bearing forms; tracheal gills usually present. Periwinkles,
Caddis-worms. (Fig. 974). . .Larve of TRICHOPTERA
Abdomen furnished with external lateral gills or respiratory pro-
cesses (a few Coleoptera and Trichoptera here also). .. .. ... 65
Abdomen without external gills. . ... ....................... 66
Abdomen terminated by two or three long caudal filaments.
Larve of PLECTOPTERA
Abdomen with short end processes. . Larvze of MEGALOPTERA
Lower lip strong, extensile, and furnished with a pair of opposable

hooks. ... Larvee of ODONATA
Lower lip not capable of being thrust forward and not
hooked. .. ..o e 67
Abdomen without falselegs. .............................. 68

Abdomen bearlng paired false legs on several segments.
A few larve of LEPIDOPTERA
The three divisions of the thorax loosely united; antennsze and
caudal filaments long and slender. . . . Larvee of PLECOPTERA
Thoracic divisions not constricted; antenna and caudal filaments
short (also a few Trichoptera here) (See couplet 54).

Larvee of COLEOPTERA

Body flattened. .. .. ....... ... 70
Body strongly compressed; mouth formed as a sharp inflexed beak;
jumping species. Fleas....... SIPHONAPTERA (Page 404)
Mandibulate mouthparts formed for chewing. ............... 71
Haustellate mouthparts formed for piercing and sucking. .. .. .. 73
Mouth inferior; cercilong. .. .................. ... ... .. 72

Mouth anterior; no cerci; generally elongate-oval insects with
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somewhat triangular head; parasites of birds or mammals.
Biting lice. .. ................. MALLOPHAGA (Page 101)
Cerecl straight, eyes absent; antenne short; external parasites of
rodents. .................... DIPLOGLOSSATA (Page 71)
Cerci strongly bent or angulate at the middle; eyes present; an-
tenne nearly as long as the body; external parasites of bats.
Some DERMAPTERA (Page 65)
Antenne exserted, visible, though rather short. .. ............ 74
Antennee inserted in pits, not visible from above.
Pupiparous DIPTERA (Page 264)
Beak unjointed; tarsi formed as a hook for grasping the hairs of
the host; permanent parasites. Lice. . ANOPLURA (Page 104)
Beak jointed; tarsi not hooked; temporary parasites.
HEMIPTERA (Page 140)
Legless grubs, maggots or borers; locomotion effected by a squirm-
ing motion. Larve of Strepsiptera, and of some Coleoptera
(see couplet 54), Diptera, Lepidoptera and Hymenoptera.
(If living in the body of wasps or bees, with the flattened head
exposed, compare the females of Strepsiptera).
Sedentary forms, incapable of locomotion. .. ................ 76
Small degraded forms bearing little superficial resemblance to
insects, with a long slender beak, and usually covered with a
waxy scale or powder or cottony tufts; living on various plants.
Scale insects. ................. HOMOPTERA (Page 106)
Body quiescent, but able to bend from side to side; not capable
of feeding, enclosed in a skin which is tightly drawn over all the
members, or which leaves the limbs free but folded against the
body; sometimes free; sometimes enclosed in a cocoon or in a
shell formed from the dried larval skin.................... 77
The skin encasing the legs, wings, etc., holding the members
tightly against the body; prothorax small; a proboscis show-
D T PP 78
Legs, wings, etc., more or less free from the body; biting mouth-
partsshowing. .. ...... ... .. ... .. i 79
Proboscis long; four wing cases; sometimes in a cocoon. (Figs.
990,996) . ..., Pupe of LEPIDOPTERA
Proboscis short; two wing cases. (Figs. 991, 997).
Pupz of DIPTERA (Page 368)
Prothorax small, fused into one piece with the mesothorax; some-
times enclosed in a loose cocoon. Pupz of HYMENOPTERA
Prothorax larger and not closely fused with the mesothorax. .. .80
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80. Wing cases with few or no veins. (Fig. 994).
Pupz of COLEOPTERA
Wing cases with a number of veins. (Fig. 993).
' Pupz of NEUROPTEROID ORDERS
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ture up to the year 1863).

Hanprirsch, A. Die fossilen Insekten und die Phylogenie der rezenten Formen,
Leipzig (1906-08). )

Geschichte, Litteratur, Technik, Paliontologie, Phylogenie und Sys-
tematik der Insekten. Schroder’s Handbuch der Entomologie, 3, 1201 pp.
Jena (1925).

Insecta. - Kiikenthal, Handbuch der Zoologie, 4, Berlin (1929).

Horwn, W. and Scuenkring, S. Index Litterature Entomologice. (Before
1863). Berlin-Dahlem, 4 vols. (1928-29).

Houreserr, C. Bibliothéque de Zoologie. In Encyclopédie Scientifique,
Paris, Doin. (Insects form part 5 and numerous volumes.)

Imms, A. D. A General Textbook of Entomology. E. P. Dutton, New York
and Methuen and Co., London (1926).

Leonarp, M. D. List of the Insects and Spiders of New York State. Mem.
Cornell Agric. Expt. Sta., No. 101, 1121 pp. (1926).

Lutz, F. E. Field Book of Insects. (Northeastern North America.) 509 pp.
New York (1918).

MaxweLL-Lerroy, H. and Howrert, F. M. Indian Insect Life. 798 pp. Cal-
cutta (1909).

Rmey, C. V. Enumeration of the Published Synopses, Catalogues and Lists
of North American Insects (1888).

Rousseau, E. Les larves et nymphes aquatiques des Insectes d’Europe.
1, 967 pp. (1921).

Scavwze, F. E., Editor. Das Tierreich. Berlin (1897— ). (The parts are
listed separately.)

SuArP, D. Insects. Cambridge Natural History, vols. 5 and 6, MacMillan &
Co., New York and London (1895-99).

SHARP, D Editor. Fauna Hawaiiensis. 3 vols. Honolulu (1899—1913)

SmrtH, J. B Catalogue of the Insects of New Jersey. Ann. Rept. New Jersey
State Mus., 1909, 888 pp. (1910).

TASCHENBERG, O Bibliotheca Zoologica. Vol. 1 (1863); vols. 2 a,nd 3 (1889~
90). (Literature of Entomology to the year 1880)}




40 BULLETIN: MUSEUM OF COMPARATIVE ZOOLOGY

TaompsoN, M. T. Illustrated Catalogue of American Insect Galls. 116 pp.
Nassau, N. Y. (1916).

TiLLyARD, R. J. The Insects of Australia and New Zealand. 560 pp. Angus and
Robertson, Sydney (1926).

TuLLGreN, A. and WanLGREN, E. Svenska Insekter. Stockholm, 812 pp.
(1920-1922).

Weiss, H. B. Some Old Classifications of Insects. Canadian Entom., 47, pp.
369-376 (1915).

Wryrsman, P., Editor. Genera Insectorum. Brussels (1902- ). (The many
fascicles of this work are listed separately under the families and sub-
families; each contains a synoptic key to genera and a catalogue of species
of the family or subfamily treated.)

ZoorocricaL Recorp. Zodlogical Society of London (1865— ). (Complete
review of all literature in Zoélogy, year by year. The most complete and
useful bibliographic index extant.)

ORDER PROTURA
(MIRIENTOMATA)

Minute, slender, delicate, wingless, terrestrial, colorless or yellowish,
blind species. Body bare; head pear-shaped, eyes and ocelli both ab-
sent; antenna absent or reduced to a tubercle; abdomen comprising
eleven segments, the last three very short, the basal three segments
furnished with styles, no cerci; mouthparts formed for sucking, but
retracted within the head, the mandibles long and styliform; legs short,
tarsi one-jointed, with a single claw. Younger stages with only nine
abdominal segments.

Two pairs of spiracles present, one pair on the mesothorax the
other on the metathorax; second and third pairs of abdominal
appendages two-jointed. (Eoséntomon, Protapteron, wide-
SPL) v EOSENTOMIDE

Spiracles absent; no tracheal system; second and third pairs of
abdominal appendages one-jointed. (Aceréntomon (Fig. 4),
Aceréntulus (Fig. 12), widespr.). .. .....ACERENTOMIDE

LITERATURE ON PROTURA

BerLESE, A. Monografia dei Myrientomata. Redia, 6 (1909).

Ewing, H. E. New Genera and Species of Protura. Proc. Biol. Soc. Washing-
ton, 23, pp. 193202 (1921).

Sizvestri, F. Descrizione di un nuovo genere di insetti apterigoti rappresen-
tanti di un nuovo ordine. Boll. Lab. Zool. Gen. Agrar. Portici., 1, (1907).

StacH, J. Eosentomon armatum. (With list of known Protura.) Spraw. Kom.
fizyogr., Krakow., 61, pp. 205-215 (1927).
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WonmersLey, H. Notes on the British Species of Protura. Entom. Monthly
Mag., 63, pp. 140-148 (1927).
Further Notes on the British Species of Protura. Entom. Monthly .
Mag., 64, pp. 113-115 (1928).

ORDER THYSANURA
(ECTOTROPHI, ECTOGN ATHA)

Moderate-sized or small, wingless, terrestrial insects of active habits.
Body tapering behind, generally clothed with scales. Antennz long,

3

)

Figs. 1-8. Protura, Thysanura, Entotrophi
Nesomachilis (Tillyard) Machilidze.
Parajapyx, apex of abdomen (Silvestri) Japygldaa
Gastrotheus (Silvestri) Lepismatidze.
Acerentomon (Silvestri) Acerentomidze.
Lepisma (Butler) Lepismatide.
Campodea (Maxwell-Lefroy) Campodeidse.
Anajapyx (Silvestri) Projapygidz.
Japyx, from below (Berlese) Japygidz.

PN oW
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slender, tapering, many-jointed. Head closely articulated with the
thorax; compound eyes present, large, reduced, or absent. Mouth-
parts external, their tips projecting from a mouth cavity; mandibles
large, toothed; maxillze long. Thorax composed of three similar, freely
articulated segments. Legs similar, the cox large; tarsi two- or three-
jointed, with two or three claws. Abdomen composed of eleven seg-
ments, bearing at tip a pair of long, filiform, many-jointed cerci and
a similar long median cerciform appendage; some ventral segments,
usually the second to seventh, each with a pair of styles and generally
also with a median sac; eighth and ninth ventral segments of female
- with paired, sometimes jointed appendages. No metamorphosis. Bristle
tails. (Figs. 1, 3, 5, 9 and 10).

Eyes large, composed of very many minute facets, extending over
the front and usually touching above on the vertex; maxillary
palpi very long, seven-jointed; eleventh tergite not covered by
tenth; four posterior coxe with a style or hooked process. Body
strongly convex above. A cosmopolitan family more abundant
in the tropics. (Machilis, Petrdbius, Machiloéides, Machi-
linus; Dilta). (Superfamily MACHILOIDEA).

MACHILIDAE

Eyes small or wanting, when present composed of a few large
facets, set on the sides of the head and not extending over the
front; maxillary palpi five- or six-jointed; eleventh tergite
partly covered by the tenth; coxz without style or process.
Body more or less flattened. A widespread group. . (Lepisma,
Thermdbia, Maindronia, Ateldra, Nicolétia). (Superfamily
LEPISMATOIDEA) ..........coooiii... LEPISMATID

LITERATURE ON THYSANURA AND ENTOTROPHI
(These are combined since many citations refer to both groups)

Bigr, H. Beitrag zur Kenntnis der Thysanuren. Jenaische Zeitschr., 48, pp.
1-92 (1912).

BarteOLIN, T. Catalogue of Danish Apterygota (Danish). Nath. Medd.,
67, pp. 155-209 (1916).

Darra-Torre, K. W. Die Gattungen und Arten der Apterygogenea. Inns-
bruck, 23 pp. (1895).

ESCHERICH K. Das System der Lepismatiden. Zoologica, Heft 43 (1905).

HanpscainN, E. Urinsekten oder Apterygota. In Tierwelt Deutschlands,
Lief. 16 (1929).

Jackson, C. F. Key to the families and genera of the Thysanura. Ohio Natur-
alist, 6, pp. 545-549 (1906).
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LuBBock, J. Monograph of the Collembola and Thysanura. Roy. Soc. Lon-
don (1873).
MacGirrivray, A. D. Catalogue of North American Thysanura. Canadian
Entom., 23, pp. 267-276 (1891).
Scuorr, H. North American Apterygogenea. Proc. California Acad. Seci.,
6, pp. 169-196 (1896).
SivesTri, F. Nuova contribuzione alla’ consocenza dell’ Anajapyx. Ann.
Lab. Zool. Gen. Agrar., Portici, 6, 15 pp. (1905).
Contribuzione alla conoscenza dei Campodeidz. Boll. Lab. Zool. Gen.
Agrar., Portici, 6, pp. 110-147 (1912).
Nuovi generi e specie di Campodeidz. Boll. Lab. Zool. Gen. Agrar.,
Portici, 6, pp. 525 (1912).
Thysanura. Fauna siid-west Australiens, 2, pt. 4, pp. 47-68 (1908).
Swenk, M. H. A Synopsis of the North American Species of Japyx. Journ.
New York Entom. Soc., 11, pp. 129-132 (1903).
Veruorrr, K. W. Zur vergleichende Morphologie und Systematik der Japy-
giden. Arch. f. Naturg., Jahrg. 71, Heft 1, pp. 63-114 (1904).
WarLGreN, E. Svenska Insektfauna, I. Apterygota Entom. Tidskr.,
pp. 233-270 (1906). .

ORDER ENTOTROPHI
(ENTOGNATHA, CAMPODEOIDEA, DIPLURA)

Small, slender, wingless insects, incapable of springing and of slug-
gish habits. Body almost always without scaly covering. Head large,
freely articulated with the thorax; mouthparts concedled in a cavity
within the head. Antennz long, many-jointed. Eyes absent. Man-
dibles toothed; maxillee and labium reduced, their palpi vestigial.
Segments of thorax similar, freely articulated. Legs similar; coxee
small; tarsi one-jointed, with two claws. Abdomen consisting of eleven
segments, the last segment either more or less covered by the preceding
or fused with it; no ventral tube, but some of the ventral segments,
usually the second to seventh, provided with ventral styles; apex of
abdomen without median process; cerci long and many-jointed, or
short and indistinetly jointed; appendages of eighth and ninth seg-
ments greatly reduced. No metamorphosis. (Figs. 2, 6, 7, 8 and 13).

1. Cerci composed of a number of distinct joints; eleventh tergite
nearly or quite covered by the tenth; anal valves very distinct. 2
Cerci single-jointed, very heavily chitinized, forming a strong
forceps; eleventh tergite fused with the tenth; anal valves not
distinct. Younger stages with the cerci indistinctly jointed,

A cosmopolitan group. (Japyx, Enalljapyx, Heterojapyx,
Parajapyx) ...JAPYGIDE
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2. Cerci long, slender, many-jointed, of approximately the same
length as the antenne, without a gland opening on the last
segment. A cosmopolitan group. (Campddea, Hemicampa,
Haplocampa, Plusiocampa) ............ CAMPODEIDE

Cerci much shorter, stout, composed of a few short joints and with
the opening of a gland at the tip of the last segment. A wide-
spread group. (Anajapyx, Projapyx).... PROJAPYGIDAE

11

Figs. 9-13. Protura, Thysanura, Entotrophi
9. Thermobia, middle leg. Lepismatidz.
10. Machilis, hind leg. Machilidz.
11. Hanseniella, front leg. Scutigerellidee.
12. Acerentulus, middle leg. Acerentomidze.
13. Campodea, middle leg. Campodeidz.

ORDER COLLEMBOLA

Small or minute, soft-bodied, wingless, springing insects, the body
sometimes clothed with scales or hairs. Head freely movable. Antennee
four- to six-jointed. Eyes of a degenerate compound type, composed
of a few separated facets; sometimes entirely absent. Mouthparts
retracted within the head; mandibles well developed; palpi vestigial.
Thorax with the segments fused into a single mass. Legs similar,
slender; tarsi one-jointed, with a single claw and a smaller claw-like
empodium. Abdomen consisting of six segments; without cerci, and
never terminated by caudal filaments or pincers-like appendages;
usually with a leaping appendage which is often forked at apex and
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arises from the fourth or fifth segment. Ventral tube always present
as a simple or bifid process developed under the base of the abdomen.
No metamorphosis. Spring tails. (Figs. 14-19).

1. Abdomen consisting of six evident segments or at least with only
two of these indistinctly separated; body lengthened, subcy-
lindrical, frequently clothed with scales. (Suborder ARTHRO-
PLEONA)

18

Figs. 14-19. Collembola
14. Isotoma (Imms) Entomobryide.
15. Tomocerus (Folsom) Entomobryidz.
16. Sminthurus (Sharp) Sminthuridee.
17. Tomocerus, hind leg. (Ewing) Entomobryidz.
18. Onychiura, hind leg. (Ewing) Onychiuride.
19. Anoura (Tillyard) Poduride.

Abdomen with the segments fused; divided into two portions;

a very large basal one and a small apical one often separated

by a constriction; body subglobular, the abdomen little longer

than wide; body never with scales. (Suborder SYMPHY-
PLEONA) . ..ottt et 5

2. Head horizontal, the antenne inserted anteriorly.............. 3
Head vertical, the antennz inserted at the middle; body without
scales; furca large. (Actaldtes, palzarc.). ... ACTALETIDAE
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. Pronotum visible from above; body without scales; furca when

present arising from the fourth segment; antennze short four-
Jointed . .. . 4
Pronotum concealed from above; body often with scales; furca
when present usually arising from the fifth segment; antennse
with four to six joints. (Entomoébrya, Orchesélla, Smella.,
Tomébcerus, Isdtoma, Sira).. .ENTOMOBRYIDZE
Front with false ocelli present; eyes absent, furcula usually absent;
sluggish species with tuberculate integument. (Onychitira
(= Aphorira) holarc.; Tetrodontéphora, palearc. ). (APHO-

RURID./E) ........................... ONYCHIURIDZE
Front without false ocelli; eyes often present. (Podiira, Anurida,
Achorelites, Xen§lla) .................... PODURIDE

Coxe long; last joint of antenne short, not divided into false ring-
joints; antennz not longer than the head, inserted at the middle
" of the head or below; thorax longer than the abdomen. (Neélus,
Megalothorax, holarc) (MEGALOTHORACID ).
NEELIDE
Coxee of the usual length; last joint of antenne long, usually
divided into false ring-joints; antenns much longer than the
head; inserted above the middle of the head. (Sminthurus,
Sminthurinus, Dicjrtoma (= Papirius), Corynephdria,
Bourletiélla). (Including CORYNEPHORIDZE = PAPI-
RIIDAE) ... .. SMINTHURIDZE

LITERATURE ON COLLEMBOLA

BorNER, C. Neelide. Gen. Insectorum, fasc. 45, 5 pp. (1906).

Das System der Collembolen. Mitt. naturh. Mus. Hamburg, 23, pp.
147-188 (1906).
Die Familien der Collembolen. Zool. Anz., 16, pp. 315-322 (1913).

CArPENTER, G. H. and Evans, W. Collembola and Thysanura of Scotland.

Proc. Roy. Phys. Soc. Edinburgh, 14, pp. 221-266 (1899).

Forsom, J. W. Tomocerine of North America. Proc. U. S. Nat. Mus., 46,

pp. 451-472 (1914).
North' American Collembolous Insects of the Subfamilies Achoreutinz,
Neanurinz and Podurinz. Proc. U. S. Nat. Mus., 50, pp. 477-525 (1916).
Subfamily Onychiurine. Proc. U. S. Nat. Mus., 53, pp. 637-659 (1917).

Gurarig, J. E. The Collembola of Minnesota. Geol. Na,t Hist. Surv. Minne-

sota, ser. 4, 110 pp. (1903).

LINNANIEMI, W M. Die Apterygoten-fauna Finlands. Acta Seci. Faun. Flor.

Fennica, 40, pp. 1-361 (1907-12).

Lussock, J. Monograph of the Collembola and Thysanura. Roy. Soc. London

(1873).



BRUES AND MELANDER: CLASSIFICATION OF INSECTS 47

ORDER GRYLLOBLATTODEA
(GRYLLOBLATTOIDEA, NOTOPTERA)

Elongate, more or less depressed, wingless insects, measuring about
an inch in length. Head rather large, free, horizontal or slightly in-
clined; eyes small or absent, no ocelli; antennz long, filiform, with
about 30 to 40 joints, inserted at the sides of the front of the head near

Figs. 20-23. Grylloblattodea

20. Ishiana (Silvestri) Grylloblattidee.

21. Grylloblatta (Walker) Grylloblattidze.

22. Grylloblatta, tarsus of male (Walker) Grylloblattidee.
23. Galloisiana, antenna (Crampton) Grylloblattidee.

the mandibles; mandibles large and strong. Prothorax quadrate or
somewhat longer than wide, not expanded laterally; free and larger
than the meso- or metathorax. Legs similar, formed for running, the
coxa close together; tarsi five-jointed, with two claws, those of the
adult male with a pair of membranous lobes beneath each joint.
Abdomen elongated, tergites more or less equal, transverse, extending
down at the sides of the abdomen; cerci long, eight- or nine-jointed;
ovipositor exserted, sword-shaped, composed of six paired pieces.
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Metamorphosis very slight, the nymphs very much like the adults and
apparently of slow growth; terrestrial in all stages. (Figs. 20-23).

A single family. = (Grylloblitta, Western Canada, California;
Galloisidna, Ishiana, Japan) GRYLLOBLATTIDE

LITTERATURE ON GRYLLOBLATTODEA
CAUDEL, A. N. Grylloblatta in California. Canadian Entom., 53, pp. 148-150
(1923). :
Notes on Grylloblatta. Journ. Washington Acad. Sei., 14, pp. 369-371
(1924).
CaupeLrr, A. N. and King, J. L. A New Genus of Grylloblattidee from Japan.
Proc. Entom. Soc. Washington, 26, pp. 53-60 (1924).
SivesTrI, F. Grylloblattidee. Boll. Zool. Gen. Agrar. Portici, 20, pp. 107-121
(1928).
Warker, E. M. A New Species of Orthoptera Forming a New Genus and
Family. Canadian Entom., 46, pp. 93-97 (1914).
The Male and Immature Stages of Grylloblatta. Canadian Entom.,
51, pp. 131-139 (1919).

ORDER ORTHOPTERA
(ULONATA part; SALTATORIA)

Small to large, nearly always jumping species, often possessing a
device on the wings for making a creaking or chirping sound; hind
femora almost always very much stouter basally, or longer, or both,
than the middle femora; wings of adults reposing over the abdomen,
the fore wings toughened, narrower and thicker than the membranous,
plaited hind pair; sometimes the wings vestigial or completely absent;
head usually vertical, sometimes conically produced forward; oviposi-
tor almost always free, often long, sword- or needle-shaped; mouth-
parts conspicuous, mandibulate; antenna long and many-jointed or
short with few joints; tarsi usually four- or three-jointed; prothorax
large, free, often much enlarged; cerci short. Metamorphosis gradual,
the young resembling the adults, but with the small wings in a reversed
position in the last two nymphal stages, the hind wings then overlap-
ping the fore wings.

1. Antenne usually long and many-jointed, delicately tapering and
exceeding the body in length, rarely very short, with twelve
segments or less; auditory organs if present, near the base of
the front tibia; ovipositor of female almost always long and well
developed; tarsi usually four-jointed. (Suborder TETTI-
GONIODEA (=LOCUSTODEA))




S

BRUES AND MELANDER: CLASSIFICATION OF INSECTS 49

Antennz shorter, with less than 30 joints, filiform, rarely clubbed
or serrate, but not delicately tapering; auditory organ if present,
near the base of the abdomen; ovipositor of female never elon-
gated; tarsi three-jointed, rarely with the front and middle ones
two-jointed. (Suborder ACRIDODEA)

. |
2AA

==
e

7

24.
25.
26.
27.
28.
29.

Figs. 24-29. Orthoptera
Conocephalus (Blatchley) Tettigoniide.
Stenopelmatus (Saussure) Stenopelmatidze. ‘
‘Gryllacris (Karny) Gryllacridee.
Anabrus (Caudell) Tettigoniide.
Stilpnochlora (Saussure) Tettigoniidee:
Ceuthophilus (Blatchley) Stenopelmatidee.

Tarsi four-jointed, at least on the four posterior legs; antenne
always very long and tapering; ovipositor usually long and
sword-shaped . ........ ... . 3

Tarsi with three joints or less; ovipositor when present, needle-
shaped . .. ..o 6

. Tarsimoreorlessdepressed. ...........ooiiiiiiiiiina.n. 4

Tarsi distinctly compressed; almost always apterous forms, usu-
ally dull-colored ................... STENOPELMATID A&

This family comprises five subfamilies, separable as follows:

Front tibise with an auditoryorgan. .. ....................... b
Front tibize without an auditoryorgan. ...................... c
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. Cerci short; first and second joints of tarsi indistinctly sepa-

rated; wings large, with a chirping organ. (Prophalangdpsis
(= Tarmga), ind.)................ PROPHALANGOPSINZE
Cerci long; first and second tarsal joints distinctly separated;
usually wingless. (Anostéstoma, ethiop., Austr.; Demécrida,
Austr.; Magréttia, ethiop., As.) . . ANOSTOSTOMATIN &
Hind femora at base more sharply produced below than above;
legs rather long and slender. Cave crickets. (Ceuthéphilus,
Am. (Fig. 29); Dolich6époda, palzarc.; Trogléphilus, pal-
searc.; Rhaphidéphora, indoaustr.). (CEUTHOPHILINJZ)

RHAPHIDOPHORIN &
Hind femora at base more sharply produced above than below;
legsstouter. .. ......... i d

Front coxe armed in front with a tooth-like projection. (Mim-
nérmus, ethiop.; Cratomeélus, neotrop.).

MIMNERMINZE

Front coxa simple, unarmed. (Fig. 25.). (Stenopelmatus, Am.).
STENOPELMATIN &

Front tibie without an auditory organ...................... 5

Front tibiee with an auditory organ. Long-horned locusts, Katy-
dids. (PHASGONURID.Z, LOCUSTID.E).
TETTIGONIIDE

This very extensive family includes a number of subfamilies which
may be separated as follows:

Antennze inserted between the eyes, nearer to the top of the occi-
put than to the clypeal suture. (Fig.32)................... b
Antenne inserted below the eyes, or between their lower margins,
nearer to the clypeal suture than to the top of the occiput.

(Fig. 33) . . .0
First and second Jomts of tarsi longltudmally sulcate latemlly
(Flg. 35) oo c

First and second tarsal joints smooth (Fig. 36); hind tibize with an
apical spine on each side above. A large cosmopolitan group,
including many leaf-like species. (Phaneréptera, widespr.;
Isopséra, ind.; Scuddéria, Am.; Tylopsis, palearc., ethiop.
Is6phya, pa,lsea,rc Am.) ........... PHANEROPTERINE

Auditory pits on front tibise open. (Fig.37) .................. d

Audltory pits covered partly by an ear-like or shell-shaped exten-
sion of the chitinous rim which partly covers them and narrows
the aperture or reduces it to a linear slit. (Figs. 38,39) .......g

. Posterior tibiz with an apical spine on eachsideabove. ........ e

Posterior tibiee without apical spines above; body winged, very
slender with slender legs. (Zaprochilus (= Prochilus), Austr.).
(PROCHILIDzE) ..................... ZAPROCHILIN &
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e. Prosternum armed with a pair of spines or tubercles. ........... f
Prosternum simple, unarmed. (Meconéma, Cyrtaspis, palearc.;

Amjtta, Anepitacta, ethiop.; Thaumaspis, ind.). R
MECONEMIN &

33

y £ 4
D=
{

Figs. 3041. Orthoptera
30. Gryllus, fore wing (Handlirsch) Gryllide.
31. @Ecanthus, fore wing (Handlirsch) Gryllide. ‘
32, 33. Superior and inferior insertion of antenna (Caudell) Tettigoniidee.
34. Mecopoda, dorsal view of head and pronotum (Caudell) Tettigoniidse.
35. Tarsus with sulcate segments (Caudell) Tettigoniide.
36. Tarsus with smooth segments (Caudell) Tettigoniide.
37. Open auditory pit (Caudell) Tettigoniidee.
38. Linear auditory pit (Caudell) Tettigoniide.
39. Ear-like or shell-shaped auditory pit (Caudell) Tettigoniide.
40. Tarsus with free plantula (Caudell) Tettigoniidee.
41. Phyllophora, hooded form of pronotum (Caudell) Tettigoniide.

f. Pronotum hood-like, strongly and acuminately produced behind;
lateral carinze of pronotum dentate or crenulate. (Fig. 41).
(Phylléphora, indoaustr.; Hyperhémala, austromal.). _

PHYLLOPHORINZA
Pronotum not hood-like, nor much produced behind. (Fig.34).
(Mecopoda, austromal.; Acridéxena, Apteroscirtus, ethiop.;

Tabaria, Rhammatépoda, neotrop.). .. ... MECOPODINE

g. Front tibise without terminal spines above. ................ ... h
Front tibise with a terminal spine above on the outer side (except
ATYtropleris) .. .. .o n

h. Antennal scrobes (i.e. the grooves in which the antenne lie) with
the margins produced. (Pseudophyllus, palearc., indomal.;
Cleandrus, Phyllomimus, indomal.; Zabalius, ethiop.).

PSEUDOPHYLLINZAE
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Antennal scrobes with the margins hardly produced. . . A
Hind tibize without apical spines above. (Saga, palaearc . Clonla.,
Hemiclonia, ethiop.; Hemlsé,ga., Austr.) ........ SAGINZE
Hind tibiz with an apical spine above on one or both sides. .. .. .. j
Hind tibize with an apical spine only on the outer side above.
(Tympanéphora, Austr.; Mortoniéllus, malay.).

TYMPANOPHORINZE
Hind tibize with an apical spine on both sides above, or only on
the inner side. . . .k

Front and middle tibize armed with short or » medium sized s splnes |
Front tibiee, or both front and middle tibiee, armed with long
spines decreasing in length apically. (Llstroscelis, Phlugis,
neotrop.; Hexacéntrus, indomal.; Phisis, ethiop., indoaustr.).
LISTROSCELINZE
All the femora unarmed beneath, rarely the hind ones armed on
the outer or on both sides; usually smaller species. (Cono-
céphalus (=Xiphidion) cosmop.; Orchélimum, widespr.;
Odontoxiphidium, nearc.). (XIPHIDIIN &).
CONOCEPHALINE
All femora usually spined below; rarely the hind ones armed only
on the outer side, in which case the fastigium of the vertex is
either forked or extended considerably beyond the basal joint
of the antennee; usually larger species. . . ..m

. Fastlglum of the vertex usually notlceably narrower than the

first joint of the antennze, sometimes dorsally sulcate.(Agrdecia,
neotrop., ethiop., austromal.; Eschatécerus, neotrop.; Nicsara,
austr.; Salomona, 1ndoaustr) c  AGRECIINE
Fastlglum of the vertex usually dlstlnctly broader than the first
joint of the antenne, never sulcate. (Neoconocéphalus, Am.;
Euconocéphalus, ethiop., indoaustr.; Homorocoryphus,
cosmop.; Copiphora, neotrop.). (C'ONOCEPH ALIN &).
COPIPHORINZE
First joint of hind tarsi with a free plantula beneath (Fig. 40).
(Anabrus, nearc.; Metriéptera, holarc., ethiop.; Décticus,
paleearc., ethiop. ) (DECTICINE) . ..... TETTIGONIINE
First joint of hind tarsi without a free plantula, or with a very
short one. (Phasgonira (=Lociista), palearc.; Oncondtus,
palearc.). (LOC USTINAE)............ PHASGONURIN&
Third joint of hind tarsi longer than the second; front tibise with
an apical spine on the inner side; hind tibiz without an apical
spme above on theouterside. .. ..........................
Third joint of hind tarsi shorter than the second; front and hlnd
tibise with an apical spine above on both sides. (Brad§porus,
pal@arc.; Derallimus, Callimenus, palearc).
BRADYPORINZAE
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p- Antenne inserted between the lower margins of the eyes; prono-

42.

44,
45.
46.
47.
48.

tum unarmed; both sexes winged; front tibize with an apical
spine above on the outer side; hind tibiee with four apical spurs
below. (Pycnogaster, Ephippiger, Urémenus, Steropleiirus,
paleearc.) ......... ... ..l EPHIPPIGERINA
Antenne inserted distinctly below the eyes; pronotum spined;
female wingless; front tibize without apical spines above; hind
tibize without apical spurs below, or with only two. (Hetrddes,
Acanthoplus, Eugaster, Anepiscéptus, ethiop.). _
HETRODINZA -

Figs. 42-48. Orthoptera
Gryllotalpa, wings (Handlirsch) Gryllotalpide.
. Tridactylus, wings (Handlirsch) Tridactylide.

Cylindracheta (Giglio-Tos) Cylindrachetide.

Tridactylus, front leg (Saussure) Tridactylide.

Tridactylus, middle leg (Saussure) Tridactylidee.
Gryllotalpa, front leg (Berlese) Gryllotalpidee.
Cylindracheta, antenna and palpus (Giglio-Tos) Cylindrachetidz.

. Head vertical, body stout; usually brownish in color, with or with-

out wings. (Gryllacris, tropicopol. (Fig. 26); Camptonétus,
Am.; Paragr§llacris, Austr.; Erémus, As., ethiop., indoaustr.)
(Including PROPHALANGOPSIDE) . ... GRYLLACRIDE
Head horizontal; body long and slender, the legs all very thin and
long; wingless species resembling walking sticks. (Phasmédes,
AUSEE.) © o PHASMODIDZE

.- Antenne very short, with twelve joints or less, not tapering at tip. 7

Antenng many jointed, long and tapering. ................... 8
Tarsi two-jointed; hind legs very short, body long, cylindrical;
front tibiee strongly dilated and digitate; large, entirely wing-
less species boring in the stems of plants. (Cylindricheta,
Austr., Chile) (Figs. 44,48) ........ CYLINDRACHETIDZE
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Hind tarsi one-jointed; hind legs greatly enlarged, saltatorial;
three small ocelli; small species not boring in plants. (Tridacty-
lus, cosmop.; Rhipipteryx, Am.) ........ TRIDACTYLIDA&

Front tibie strongly dilated, digitate; ovipositor short, not pro-
truded; large species with very large, elongate prothorax, bur-
rowing in the soil. (Gryllotalpa (Figs. 42, 47), cosmop.;
Scapteriscus, Am.) ................. GRYLLOTALPIDA

Front tibiee not dilated and digitate; ovipositor projecting, usu-
ally long; antennaz always with more than thirty joints.
(ACHETIDE) . ... .. GRYLLIDAE

The Gryllide include six subfamilies, distinguishable as follows:

Tarsi compressed, the second joint minute, compressed. .. .. .... b
Tarsi with the second joint cordate, depressed. . .e
Hind tibie greatly widened, furnished with a few strong ‘movable
spines; hind femora very broad, oval; antennz relatlvely blunt
at tips; eyes minute; small w1ngless species living in ants’ nests.
(Myrmecéphila, Wldespr) ......... MYRMECOPHILIN &
Hind tibis slender or only slightly widened, serrulate, or serrulate
and spinose; femora more slender; antennz finely tapered at
tips; usually large, free living species. .. .................... c

. Hind tibiz spinose, but not serrulate; stout-bodied, usually dark

colored species. (I‘lg 30.). (Gryllus, Nemobius, cosmop.;
Gryllodes, wides Acheta, palsearc., ethiop.). (NEMO-
BIIN.E, ACHET NAE) ...................... GRYLLINZE
Hind tibize serrulate, sometimes spinose also. .. ............... d

. Hind tibiz spinose, serrulate between the spines; body andlegs slen-

der;moderateorlargespecies. Tree crickets. (Eeanthus,cosmop.
(Fig. 31); Amphiactsta, Phalangépsis, Am.; Endacista,
Austr., neotrop.; Pheophyllacris, ethiop.). . (ECANTHINE
Hind tibie with two rows of fine serrulations, but without spines
or thorns. (Mogoplistes, palearc., ethiop., neotrop.; Orné-
bius, widespr.; Cycloptilum, Am.; Ectadoderus, widespr.).
MOGOPLISTIN &

Hind tibiz not serrate, biseriately spinose and with five apical
spurs. (Trigonidium, palewarc., ethiop., indomal.; Cyrtd-
xiphus, widespr.; Homeedxiphus, indomal.; Anaxiphus,
NEOTOP.) o it et et et e e e e e e TRIGONIDIINE
Hind tibie serrate, bearing more or less numerous spines and six
apical spurs. (Enedptera, neotrop.; Nisitra, malay.; Cardio-
dactylus, Austromal.; Or6charis, Am) ..ENEOPTERIN &

Tarsal claws without a pad (arolium) between them; pronotum
greatly lengthened, extending backwards to cover the entire
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abdomen, fore wings vestigial, consisting of small scales at the
base of the usually large hind wings; antenne longer than the
front femora. Grouse locusts. (Tétrix (Figs. 51, 53), Para-
téttix, widespr.; Neotéttix, nearc.; Mazarrédia, indoaustr.;
Tettigidea (Fig. 55), Am.). (TETTIGID.ZE, ACRYDIID.E).

TETRIGIDAE

49.
50.
51.
52.
53.
54.
55.

10.

Figs. 49-55. Orthoptera
Dissosteira, wings (accessory veins in part omitted) (Snodgrass) Acrididee.
Prosarthria (Brunner) Proscopiidee.
Tetrix, wings (Handlirsch) Tetrigidee.
Acrida, hind leg (Lugger) Acrididz.
Tetrix, side view of pronotum (Packard) Tetrigidee.
Caloptenus, side view of pronotum (Packard) Acrididee.
Tettigidea (Blatchley) Tetrigidz. ’

Tarsal claws almost always with an arolium between them; pro-
notum small, not extending backwards over more than a small
basal part of the abdomen; if exceptionally enlarged, the wings
and antennz notasabove....... ... ... i ool 10

Body greatly lengthened and very slender, stick-like, with very
long thin legs; wings absent or vestigial; head conical and
greatly lengthened; prothorax tubular, not overlapping the
mesonotum; antenng eight-jointed; arolia sometimes small or
indistinct. (Fig. 50). (Proscopia, Prosarthria, Api6scelis,
Corynorhynchus, Astrdéma, neotrop.). ... PROSCOPIID&E

Of a different conformation. .............. ... ... .. ... .. 11
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11. Hind legs similar to the middle ones; their femora scarcely length-
ened and not strongly thickened; body, especially the abdomen
swollen or inflated; pronotum very large; green or brightly

~ colored species. (Pnelimora, Btlla, Cystoceelia, S. Afr.).

, PNEUMORID&E

Hind legs very different from the middle ones, their femora large,

greatly thickened at the base and lengthened; abdomen not

noticeably swollen. Grasshoppers, Locusts, Short-horned
locusts. (LOCUSTIDA, ACRIDIID.E, ACRYDI IDE)

ACRIDIDZE

This family includes the following subfamilies:

a. Prosternumsimple, flat. .. ......... ... ... ... ... ... ... ... b
Prosternum with a spine, swelling, or lamellate elevation anteriorlyg
b. Antenne longer than the front femora. ...................... c
Antenns shorter than the front femora. . .
c. Vertex and front forming together a rounded surface, ‘the front
vertical . .. ... d
Vertex and front meeting at an angle, the surfaces of the two form-
ing an angle when seenin profile. .. ....................... e
d. Antenne clavate, as long as the body; apterous species. (Gom-
phomastax, palearc.,ind.) ....... GOMPHOMASTACINE
Antennz not clavate, shorter usually winged species. A large
cosmopolitan group. ((Edlpoda, widespr.; Arphia, Hippiscus,
Am.; Loctsta, Pach§tylus, widespr.; Dlssostelra (Fig. 49),
Trlmerotropls, nearc.; Acrétylus, (Edﬁ.leus, old world).
EDIPODINE
e. Impressions of vertex wanting; head horizontal, the front nearly
horizontal; margins of antennz serrate; apterous species.
, (Psednura,, Austr.)...................... PSEDNURINZE
Impressions of vertex present, or if rarely wanting, the head is
conical, with the front more sloping, and wings are present.
(Truxahs, Am.; Stenébothrus, widespr.; Gomphécerus, pal-
searc., Am.; Sta,uronotus, palzarc., ind.; Mecostéthus, pal-
warc.). (TRYXALINA, TRUXALIN.E). .... ACRIDINZE
f. Pronotum greatly ﬂattened at the sides, roof-shaped and fre-
quently with a median ridge; posterior femora dilated and com-
pressed. (Scirtdtypus, ethiop., indomal.; Choréetypus, in-
domal.; Brach§typus, ethiop.) .......... 'CHORETYPINZE
Pronotum not greatly flattened at the sides, and not ridged above;
posterior femora slender. (Eridnthus, indoaustr.; Teicho-
phrys, Eumastax, Mas§ntes, neotrop.). . EUMASTACINE
g. Impressions of the vertex large and shallow, formlng the anterior
end of the vertex where they are separated by a very narrow
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groove; front very strongly oblique and forming an angle with
the vertex. (Maura, Chrotégonus, ethiop.; Pyrgomoérpha,
widespr.; Monistria, austr.; Desméptera, austromal.; Calam-
acris, Am.) .............. ... ... PYRGOMORPHINZAE
Impressions of vertex not forming the anterior end of the vertex,
placed above, at the sides or below, or obsolete. .. ........... h

h. Impressions of vertex dorsal in position and open behind; pro-
sternum with a swelling, but rarely with a distincet thorn or
tubercle. (Pamphagus, Eurypéryphes, Acinipe, palwzarc.;
Lamarckiana, ethiop.) .................. PAMPHAGINZA
Impressions of vertex lateral or inferior in position or obsolete;
prosternum with a distinct sharply raised tubercle or spine.
(Melanoplus, Schistocérca, Am.; Acrydium, Afr.; indo-
austr.; Podisma, holarc., Cyrtacinthacrus). (ACRIDIIN Z.
PODISMINZE)................. CYRTACANTHACRINZE

LITERATURE ON ORTHOPTERA (sens. lat.), INCLUDING
PHASMATODEA, DERMAPTERA, BLATTARIZ AND MANTODEA

BrarcaLey, W. S. Orthoptera of Illinois. 27th Ann. Rept. Dept. Geol. Nat.
Res. Indiana, 1902, pp. 123-471 (1903).
The Orthoptera of Northeastern America. Nature Pub. Co. (1920).
BRUNER, L. Preliminary Catalogue of the Orthopteroid Insects of the Phil-
ippines. Univ. Nebraska Studies, 15, pp. 195281 (1916).
Bruxner, C. v. W. Prodromus der européischen Orthopteren. Leipzig (1882).
Revision du Systéme des Orthoptéres. Ann. Mus. Civ. Stor. Nat.
Genova, 13, pp. 1-230 (1893).
Burr, M. A Synopsis of the Orthoptera of Western Europe. London (1910).
Cuoparp, L. Orthoptéres et Dermaptéres. Faune de France. (1922).
FronuLIcH, C. Die Odonaten und Orthopteren Deutschlands. Jena (1903).
FrunstorrER, H. Die Orthopteren der Schweiz. Arch. Naturg., Jahrg., 87A,
Heft 5, pp. 1-262 (1921).
Hesarp, M. Studies on the Dermaptera and Orthoptera of Ecuador. Proc.
Acad. Nat. Seci. Philadelphia, 76, pp. 109248 (1924).
Studies on the Dermaptera and Orthoptera of Colombia. Trans. Ameri-
can Entom. Soc., 62, pp. 275-354 (1927).
The Orthoptera of Colorado. Proc. Acad. Nat. Sci., Philadelphia, 81,
pp. 303425 (1929).
HouresEgrrt, C. Thysanoures, Dermaptéreset Orthoptéres. In Encyel. Sci.(1924).
Hussgrr, T. H. Dermaptera and Orthoptera of Berrien Co., Michigan.
Pap. Mus. Zo6l., Univ. Michigan, No. 116, 77 pp. (1922).
Innms, W. Revision des Orthoptéres de I'Egypt. Mém. Soc. Entom. Egypte,
3, pp. 5-176 (1929).
Karny, H. Zur Systematik der Orthopteroiden Insekten. Treubia, 3, p. 236
(1923).




58 BULLETIN: MUSEUM OF COMPARATIVE ZOOLOGY

KirBy, W. F. A Synonymic Catalogue of the Orthoptera. Vols. 2 and 3.
British Mus. Nat. Hist., London (1907-10).
Lucas, W. J. Monograph of the British Orthoptera. London, Ray Soc., 264
pp. (1920).
Morsg, A. P. Manual of the Orthoptera of New England. Proc. Boston Soc.
Nat. Hist., 35, no. 6 (1920).
Orthoptera of Maine. Bull. Maine Agric. Sta., No. 296, 36 pp. (1921).
Piers, H. The Orthoptera of Nova Scotia. Proc. Nova Scotia Inst., Halifax,
14, pp. 201-351 (1918).
Ramme, W. Orthoptera, In Tierwelt Mitteleuropas, 4, Lief. 2, pp. VI 1-22
(1928).
Saussure, H. and others. Orthoptera. In Biologia Centrali-Americana, 1,
(1893-99).
ScupbpkRr, S. H. Guide to the Genera and Classification of North American
Orthoptera. Cambridge, Mass. (1897).
Catalogue of Orthoptera of the United States. Proc. Davenport Acad.
Nat. Sci., 8, pp. 1-101 (1900).
Index to North American Orthoptera. Occas. Pap. Boston Soc. Nat.
Hist., No. 6, pp. 1-436 (1901).
TtwmpeL, L. Die Geradefliigler Mitteleuropas, 2d edit. Gotha. 327 pp. (1907).
Warpen, B. H. Orthoptera of Connecticut. Bull. State Geol. Nat. Hist.
Surv. Connecticut, No. 16, pp. 48-169 (1911).

SUBORDER TETTIGONIODEA

Borivar, J. Orthoptera pal®arctica. Pycnogastrine. Eos, 2, pp. 423-463
(1926).
Bruner, L. Revision of Tropical American Tettigonoidea. Ann. Carnegle .
Mus., 9, pp. 284-404 (1912).
BRUNNER, C. v. W. Monographie der Phaneropteriden. 399 pp., Vienna
(1878).
Monographie der Stenopelmatiden und Gryllacriden. Verh. zool.-
bot. Ges., Wien, 38, pp. 247-394 (1888).
Additamenta zur Monographie der Phaneropteriden. Verh. zool.-bot.
Ges., Wien, 41, pp. 1-196 (1891).
Monographie der Pseudophylliden. 282 pp., Vienna (1895).
CaupeLL, A. N. Cyrtophili of the United States. Journ. New York Entom.
Soc., 14, pp. 32-45 (1906).
The Dectlcmae of North America. Proc. U. S. Nat. Mus. , 32, pp. 285~
410 (1907).
Locustids, Decticine. Gen. Insectorum, fasc. 72, 43 pp. (1908).
Locustide, Prophalangopsine. Gen. Insectorum, fasc. 120, 7 pp. (1911).
Locustide, Ephippigerinee. Gen. Insectorum, fasc. 140, 10 pp. (1913).
Locustidse; Meconeminz, Phyllophoring, Tympanophorine, Phasgonu-
rinee, Phasmodin®, Bradyporine. Gen. Insectorum, fasc. 138, 25 pp.
(1913).




BRUES AND MELANDER: CLASSIFICATION OF INSECTS 59

Locustide, Mecopoding. Gen. Insectorum, fasc. 171, 32 pp. (1916).
Locustidee, Hetrodine. Gen. Insectorum, fasc. 168, 13 pp. (1916).
Locustidee, Sagine. Gen. Insectorum, fase. 167, 8 pp. (1916).
The Genera of Rhaphidophorine of America North of Mexico. Proc.
U. 8. Nat. Mus., 49, pp. 655-690 (1916).
CuoparD, L. Revision of the Indian Gryllidee. Rec. Indian Mus., 30, pp. 1-36
(1928).
Fuorron, B. B. Tree Crickets of New York. Tech. Bull. No. 42, New York
Agrlc Exp. Sta. (1915).
Giario-Tos, F. Sulla posizione systematica del genere Cylmdracheta Ann.
Mus. Clv Genoa (3), 6, pp. 81-101 (1914).
HeBarp, M. Review of North American Species of Myrmecophila. Trans.
American Entom. Soc., 46, pp. 91-111 (1920).
Studies on the Gryllide of Panama. Trans. American Entom. Soc., 54,
pD. 233-294 (1928). '
Karny, H. Revisio Conocephalidarum. Abh. zool.-bot. Ges., Wien, 4, Heft 3,
pp. 1-114 (1907).
Locustide, Listrosceline. Gen. Insectorum, fasc. 131, 20 pp. (1912).
Locustide, Conocephaline. Gen. Insectorum, fasc. 135, 17 pp. (1913).
Locustidee, Copophorine. Gen. Insectorum, fasc. 139, 50 pp. (1913).
Locustide, Agreeciine. Gen. Insectorum, fase. 141, 47 pp. (1913).
Fauna Buruana, Orthoptera, Fam. Gryllacridee. Treubia, 7, pp. 41-84
(1925).
Revision of the South African Gryllacride. Ann. South African Mus.,
29, pp..77-151 (1929).
Karsch, F. Uber die Hetrodiden. Berliner entom. Zeits., 31, pp. 43-72 (1887).
Uber die Orthopterenfamilie der Prochiliden. Entom. Nachr., 17, pp.
97-107 (1891).
REDTENBACHER, J. Monographie der Conocephaliden. Verh. zool.-bot. Ges.
Wien, 41, pp. 315-562 (1891).
REenN, J. A. G. and Hearp, M. Revision of the Orthopterous Group Insarse
(Phaneropterine). Trans. American Entom. Soc., 40; pp. 37-184 (1914).
Saussure, H. Mélanges Orthoptérologiques. Gryllides. 2 pts., Geneva
(1887-78).
Revision du genre Tridactylus. Rev. Suisse Zool., 4, pp. 407-419 (1897).
Saussure, H. and ZeenTer L. Monographie des Gryllotalplens Rev Suisse
Zool., 2, pp. 403430 (1894).
SCHIMMER, F. Monographie der Gryllodengattung Myrmecophlla Zeits.
wiss. Zool., 93, pp. 409-534 (1909).
ScUDDER, S. H The North American Ceuthophili. Proc. Amencan Acad.
Arts Sei., 30, pp. 17-113 (1894).
Stenopelmatinz of the Western United States. Canadian Entom., 81,
pp. 113-121 (1899).
Smiraki, T. Monographie der Grylliden von Formosa und Japan. 129 pp.
(1911). -



60 BULLETIN: MUSEUM OF COMPARATIVE ZOOLOGY

TeppeR, J. G. O. The Phanopterine of Australia. Trans. Roy. Soc. South
Australia, 16, pp. 77-113 (1892).

TinpaLE, N. B. Australasian Mole Crickets of the Family Gryllotalpide.
Rec. South Australian Mus., 4, pp. 1-42 (1928).

Uvarov, B. P. Revision of the Old World Cyrtacanthacrini. Ann. Mag.
Nat. Hist. (9), 11 and 12 (several parts) (1923).

SUBORDER ACRIDODEA

Borivar, J. Acridide, Pyrgomorphine. Gen. Insectorum, fase. 90, 58 pp.
(1909)
Acridiidee, Pamphagine. Gen. Insectorum, fase. 170, 40 pp. (1916).
BrunEer, L. Orthoptera, Acridiide. Biologia Centrali-Americana, 2 (1900-09).
Synoptic List of the Paraguayan Acridide. Proe. U. S. Nat. Mus., 30,
pp. 613-694 (1906).
South American Tetrigidee. Ann. Carnegie Mus., 7, pp. 89-143 (1910).
BrunNegr, C. v. W. Monographie der Proscopiden. Verh. zool.-bot. Ges.,
Wien, 40, pp. 87-124 (1890).
Burr, M. Eumastacide. Gen. Insectorum, fasc. 15, 23 pp. (1904).
Essal sur les Eumastacides. Ann. Soc. Espafia Hist. Nat., 28, pp. 75—
112; 253-304 (1899). '
Monograph of the genus Acrida (=Truxalis). Trans. Entom. Soc.
London, 1902, pp. 149-187 (1902).
CraasseN, P. W. The Grasshoppers of Kansas, Pts. 1 and 2. Bull. Dept.
Entom. Univ. Kansas, No. 11, 126 pp. (1917).
Fivot, A. Sur le genre Acridium. Ann. Soc. Entom. France, 76, pp. 247-354
(1907).
FrercHER, T. B. Acrydide. Cat. Indian Ins. Govt. India, Centr. Pub. Br.,
Calcutta, pt. 1 (1921).
Hancook, J. L. The Tettigide of North America. Chicago, 188 pp. (1902).
Acridiide, Tetrigine. Gen. Insectorum, fasc. 79, 4 pp. (1906).
Hesarp, M. Key to the North American genera of Acridinse. Trans. American
Entom. Soc., 62, pp. 47-59 (1926).
Studies in the Tettigoniide of Panama. Trans. American Entom. Soc.,
b3, pp. 79-156 (1927).
Kirsy, W. F. Acridide. Fauna British India (1914).
MacNeiLL, J. Revision of the Truxalide of North America. Proc. Davenport
Acad. Sci., 6, pp. 179274 (1897).
Renn, J. A. G. North American (Edipodinz. Trans. American Entom. Soc.,
45, pp. 229-255 (1919).
RenN, J. A. G. and Hesarp, M. Study o1 North American Eumastacinz.
Trans. American Entom. Soc., 44, pp. 203-250 (1918).
Savssugrg, H. Prodrome des (Edipodiens. Mem. Soc. Phys. Hist. Nat., Geneva
28, No. 9, 254 pp. (1884).
Scupber, S. H. Revision of the Melanopli. Proc. U. 8. Nat. Mus., 20, pp. 1-
421 (1897) and Proc. Davenport Acad. Sci., 7, pp. 155-205 (1899).




BRUES AND MELANDER: CLASSIFICATION OF INSECTS 61

SHiraxr, T. Acrididen Japans. Tokio, 90 pp. (1910).

Somes, M. P. The Acridide of Minnesota. Bull. Minnesota Agric. Expt.
Sta., No. 141, po. 1-100 (1914).

TroMmas, C. Synopsis of the Acridide of North America. Rept. U. S. Geol.
Surv. Terr., Washington Govt. Printing Office, 262 pp. (1873).

Uvarov, B. P. Revision of the Genus Locusta (= Pachytylus). Bull. Entom.
Res., 12 (1921).

WILLEMSE C. Revision of Acridide of Sumatra. Tl]dSChr v. Entom., 783,
pD. 1—206 (1930).

ORDER PHASMATODEA
(PHASMIDA, PHASMOIDEA, PHASMODEA, GRESSORIA)

Large or very large insects, generally with very slender body of
cylindrical, stick- or twig-like form; rarely greatly flattened and leaf-
like. Head more or less freely movable, usually with long slender an-
tenne; eyes well developed; ocelli often absent. Prothorax short or
very short, even in the very elongate forms; mesothorax short or
elongate; metathorax frequently long, very closely united with the
first abdominal segment (median segment), the suture between them
often obscured or effaced. Abdomen usually long, cylindrical or taper-
ing, the segments similar; cerci unjointed. Legs nearly always long or
very long, similar, the tarsi five-jointed. Wings very frequently en-
tirely absent; when present the fore wings are usually very much
smaller than the hind ones, of stouter consistency; hind wings when
well developed with a narrow, stouter anterior portion and a very
large delicate anal expansion or fan. Metamorphosis very slight and
gradual; terrestrial and vegetarian in all stages. Mainly tropical species.
Walking sticks, Stick insects, Leaf insects.

1. Four posterior tibiz each with a triangular area on the underside
at apex (Fig. 56), usually marked off by grooves, rarely ending

in a spine. (A REOLAT ). (Superfamily PHASMATOIDEA). 2

Four posterior tibiee simple, Wlthout a triangular area below at
tip (Fig. 57). (ANAREOLATZ). (Superfamily BACTERIOI-
DEA) . .. 4

2. Median segment (first abdominal segment) as long as'or longer than
the metanotum; often winged, with the fore wings reduced in

SIZE .« e 3
Median segment distinct from the metanotum, but often much
shorter; always wingless; species with extremely long, slender
body ... BACILLIDE
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Figs. 56-64. Phasmatodea

Heteropteryx, tip of hind tibia (Brunner) Phasmatidz.
Bacteria, tip of hind tibia (Brunner) Bacteriide.
Heterocopus (Brunner) Bacillide.

Phyllium (Brunner) Phyllidee.

Anisomorpha (Caudell) Phasmatidee.

Trychopeplus (Hebard) Bacteriide.

Heteropteryx (Brunner) Phasmatidee.

Pseudomeryle (Caudell) Phasmatide.

Pomposa (Brunner) Bacteriide.
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This family includes three groups, conveniently regarded as sub-
families, separable as follows:

. Prosternum with two roughened tubercles between the front coxz;

antenne often as long as orlonger than thefrontlegs, alwaysmuch

longer than the front femora. (Fig. 58). (Obrimus, Hetero-

copus, Tisamenus, Hoploclonia, Datames, Dores, malay)

OBRIMINZE
Prosternum without roughened tubercles (except Pseudodatames
which hasshortantennae) . .............................. b

. Antennz much shorter than the front legs, rarely (Xylica) as
long; old world species. (Pseudodatames, Cirsia, Anton-
gilia, Madagascar; X§lica, ethiop.; Bacillus, pal=arc.).

BACILLINZE

Antenn as long as or longer than the front legs; mainly new world
species. (Pygirhynchus, Céroys, Acanthocolonia, Miro-
phasma, Canuléius, neotrop.; Ordobia, Madagascar).

PYGIRHYNCHINE

. Antennz long in the male, many jointed, very short in the female,
with few joints; mesonotum quadrate or transverse; fore wings
of female covering the greater part of the abdomen; entire sides
of abdomen broadly dilated into leaf-like extensions. (Fig. 59).
Leaf insects. (Ph§llium, ethiop., indomal.; Chitoniscus,
polynes.; Nanoph§llium, New Guinea). .. ... PHYLLIIDE

Antennz long in both sexes; mesonotum longer than wide; abdo-
men simple, or at most not with the entire sides thus expanded.
(Fig.63).. ..o e PHASMATIDE

Four subfamilies are recognized, separable by the following key:

. Tarsal claws simple; fore wings, when present, lobate, very rarely
filiform .

Tarsal claws pectlnate fore w1ngs when present ﬁhform or stalked.
(Aschiphasma (= A4scepdsma), Dina, malay.; Prebistus,
Abrosdma, indomal.). (ASCEPASMIN ).

ASCHIPHASMATINZE

. Body and legs armed with numerous spines (rarely the male not
s pmy) femora quadrate, not compressed above with an apical
spine; apical area of tibia produced into a spine. (Fig. 56).
(Anisacantha, Parectatosdma, Madagascar; Ledcrates,
malay.; Heteropteryx, indoaustr.) . . HETEROPTERYGINE

Body and legs armed with sparse teeth or spines; femora above
without apical spine; apical area of tibia unarmed. . . .C

. Sixth abdominal segment quadrate (male), or transverse (female),

rarely elongate; legs unarmed; femora not compressed nor with
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leaf-like dilatations; almost always wingless (Fig. 60). (Timena,
nearc.; Anisomorpha, nearc., neotrop Agathomeéra, Autd-
lyca, Decidia, neotrop.) .......... . ANISOMORPHINE

Sixth abdominal segment more elongate, much longer than wide
(male) or quadrate (female); front femora either compressed
or with leaf-like dilatations. (Donusa, Eticles, Stratocles,
Brizoides, Phiasma, Prexaspes, Prisopus, neotrop.; Pheo-
phisma, malay.; Damasippoéides, Madagascar).

PHASMATINZE

. Median segment short, transverse or but little longer than wide,
much shorter than the metanotum; wingless species.
BACUNCULIDAE

This family is divisible into the following subfamilies:

. Antenne distinctly shorter than the front legs; old world species.
(Clitimnus, Cuniculina, indomal.; Pachymérpha, indo-
austr.; Gratidia, ethiop., ind.; Arphax) ..... CLITUMNINZA

Antenns as long as or longer than the front legs. . e .b

. Last dorsal segment of male more or less bllobed operculum
(eighth sternite of female) usually compressed, boat—shaped
(Menéxemus, Prémachus, Lonchdédes, Caratsius, indo-
austr.; Dixippus, indomal.; Prosoméra, malay.).

LONCHODINZE

Last dorsal segment of male truncate; operculum vaulted, lanceo-
late. (Bacﬁnculus, Am.; D1apheromera, N. Am.; Libéthra,
Ocnéphila, Dyme, neotrop) ............ BACUNCULIN}E

Median segment as long as or longer than the metanotum, or at
least much longer than wide; body frequently winged.
BACTERIIDE

This family may be divided into three subfamilies as follows:

. Antenne shorter than or about equal in length to the front legs. .b
Antennge much longer than the front legs, very thin and indis-
tinctly jointed. (Fig. 64). (Necréscia, Didrdia, Pomposa,
Asceles, Marmessdidea, malay.; Aruandidea, indomal.;
Sipyloidea, indoaustr.) . .. .. NECROSCIINE
. Front femora unarmed above or s1m11arly dentate on both sides,
or not three-sided. (Fig. 61). (Bactridium, Cleonistria,
Bostra, Bactéria, neotrop.; Palophus, ethiop.; Dimorphédes,
malay.; Burycantha, Austr.). (PHIBALOSOM INE).
BACTERIIN&E
Front femora three-sided, spinose-dentate on the inner side above;
cerci frequently large, leaf-like. (Hermarchus, Acrophylla,
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Vetillia, Austr.; Pharnicia, indomal.; Eurycnéma, malay,
Austr.) ... ACROPHYLLINZ

LITERATURE ON PHASMATODEA
See also Orthoptera (sens. lat.), p. 57

BrunnEr, C. v. W. and ReprENBACHER, J. Die Insekten-familie der Phas-
miden. Parts I-III., 589 pp. Leipzig. (1906-08).

CavpeLy, A. N. The Phasmids or Walking Sticks of the United States. Proec.
U. S. Nat. Mus., 26, pp. 863-885 (1903).

GinreER, K. Die Phasmoiden Neuguineas. Mitt. zool. Mus. Berlin, 14,
pp. 599-746 (1928).

KirBy, W. F. A Synonymic Catalogue of the Orthoptera, Vol. 1. British
Mus. Nat. Hist., London (1904).

SuELFORD, R. Phasmide, in Biologia. Centrali-Americana, 2 (1909).

WESTWOOD, J. O. Catalogue of the Insects in the British Museum. Phasmidz.
London, British Mus., 195 pp., 48 pls. (1859).

ORDER DERMAPTERA

Moderate-sized or small, more or less depressed insects, of elongate
form, with the abdomen terminating in a pair of strong, movable for-
ceps. Head free; antennz filiform, with from 10 to 30, rarely more,
joints; mandibles large, always (except Arizenia) fitted for biting.
Prothorax free, more or less quadrate. Meso- and metathorax clearly
separated; fore wings (elytra) short, leaving the abdomen exposed,
heavily chitinized; hind wings (Fig. 79) large, orbicular or broadly oval,
at base with two or three cells surrounded by heavy veins; anal fan
very large, with a number of radiating veins; radially folded from near
the center, and when at rest almost entirely covered by the elytra;
sometimes one or both sexes apterous. Abdomen long, very flexible,
with from eight to ten exposed segments; cerci forming the anal forceps;
one-jointed, except in the nymphs of a few genera, where they are
multiarticulate. Legs rather short; tarsi three-jointed, with claws.
Metamorphosis slight and gradual; terrestrial in all stages. Earwigs.

1. Mandibles well developed, fitted for chewing; cerci heavily chitin-
ized and opposable like the blades of a pair of forceps; eyes well
developed; usually winged; not ectoparasitic; the body shmmg,
rarely noticeably pubescent. (Suborder FORFICULINA) .

Mandibles not fitted for chewing, toothed at tips and fringed Wlth
bristles along the inner margin; cerci weakly chitinized; eyes
much reduced; apterous species, the body strongly pubescent,
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living as ectoparasites on bats. (Suborder ARIXENINA).
(Arixénia, malayan) ...................... ARIXENIIDE
Metapygidium and telson present as two small plates behind the
pygidium, or else all three are fused together with the tenth
tergite to form a large horizontal plate (squamopygidium);
pygidium simple, never with complex processes; sedceagus of
maledouble . ...... .. . . 3
Metapygidium and telson not developed or vestigial; pygidium
well developed, often with complex processes; seedeeagus of male
a single median piece. (EUDERMAPTERA) . ......... 116
Squamopygidium absent, the pygidium, metapygidium and telson
all present as separate plates; body not strongly flattened (ex-
cept Platylabiide). (PROTODERMAPTERA) R
Squamopygidium developed; hind wing with an obhque branch in
the large basal cell; body very strongly flattened; a large scutel-
lum visible between the elytra at base. (If elytra and scutellum
are absent, see Gonélabis, couplet 13). (Apachyus (Figs. 68, 74)
indomal., Austr.; Dendrdiketes, ind.). (Superfamily APACHY-
OIDEA) (PARADERMAPTERA) .......... APACHYIDAE
Metapygidium and telson not reduced, nearly as large as the rel-
atively small pygidium; head depressed, truncate or concave
and not emarginate behind; femora compressed and generally
keeled. (Superfamily PYGIDICRANOIDEA) (PYGIDI-
CRANALES) . ... 5
Metapygidium and telson much reduced in size, greatly smaller
than the pygidium which is relatively very large; femora not
compressed or keeled. (Superfamily LABIDUROIDEA) (LAB-

IDURALES) . ... 10
Femorakeeled. .. ... i 6
Femoranotkeeled. .. ............ ... ... . .. 9
Antennsge with from 15 to 25 joints, the fifth and sixth joints elon-

gate (Fig. 78) . ..o 7
Antennee with 25 to 35 joints, the fifth and sixth short, transverse

orquadrate (Fig. 78). ... .. ... i 8

Both elytra and hind wings absent; metasternum truncate behind;
nymphs with forceps-like cerci. (Anatélia (Fig. 73), Canary
Isl.; Challia, North China) ................ ANATELIID&E

Elytra always, and hind wings usually perfect; metasternum sin-
uate or excavated behind; nymphs with long, many-jointed
cerci, not forceps-like. (Diplatys, tropicopol.).

‘ DIPLATYIDZE
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65.
66.
. Esphalmenus (Burr) Esphalmenidz.
68. - Apachyus (Burr) Apachyidz.
69.
70.
71.
72.
73.
74.
75.
76.
77.
78.
79.

Figs. 65-79. Dermaptera

Burriola (Burr) Cheliduridz.
Timomenus (Burr) Ancistrogastridee.

Labidura (Burr) Labiduridse.

Doru (Burr) Forficulidse.

Propyragra (Burr) Pyragrids.

Allostethus, underside of head and thorax (Burr) Allostethidee.
Anatelia, antenna (Burr) Anateliidee.

Apachyus, wing (Tillyard) Apachyids.

Esphalmenus, underside of thorax (Burr) Esphalmenidze.
Ancistrogaster, base of antenna (Burr) Ancistrogastride.
Mesasiobia, tarsus (Burr) Anechuride.

Karschiella, antenna (Burr) Karschiellidee.

Forficula, wing. Forficulids.
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. Antenng unusually thick; fourth to sixth joints transverse (Fig.

78); nymphs with jointed cerci. (Karschiélla, Bormansia,
ethiop.) . ..ot KARSCHIELLIDZE
Antenn not very thick; fourth to sixth segments short, but not
transverse; cerci of nymphs forceps-like, not jointed. (Pygidi-
crana, neotro.p; Kalocrania, malay.; Dicrana, ethiop., in-
doaustr.; Cranop¥gia, ind.) ........... PYGIDICRANID A
Prosternum convex, more or less acute anteriorly; new world
species, the body pubescent. (Fig. 71). (Pyragra, Pyragréop-
sis, Echinopsalis, Propyragra, neotrop.). .. . PYRAGRIDAE
Prosternum not acute anteriorly; old world species, the body
clothed with short, stiff bristles. (Echinoséma, ethiop., in-

doaustr.) ............ ol ECHINOSOMATIDZE
Body not very strongly flattened; forceps (cerci) not flattened
nor sickle-shaped ............. ... .. .. L. Y 11

Body very strongly flattened; forceps strongly flattened and
sickle-shaped; elytra perfectly developed, the hind wings
short; antennse 19-20 jointed. (Platylabia, indomal.). (PAL~
ICIDE) ... . . PLATYLABIIDAE

Mesosternum strongly narrowed behind (Fig. 72); stout species,
sometimes without elytra and wings. (Allostéthus, Gono-

labidara, Allostethélla, malay.) . ....... ALLOSTETHID A
Mesosternum not strongly narrowed behind. .. .............. 12
Prosternum not narrowed behind. .. .......... ... ... ..., .13

Prosternum narrowed behind (Fig. 75); without wings or elytra;
abdomen of male much widened apically (Fig. 67). (Esphal-
menus, neotrop., ethiop.; Gonolabina, neotrop.).

ESPHALMENIDE

Mesosternum rounded behind; rather stout species, winged or
apterous. (Anisélabis, cosmop.; Pgé,lis, Gondlabis, Eubor-
éllia, neotrop., ethiop., ind.). (PSALID.E, ANISOLABID /)

PSALIDIDZE

Mesosternum truncate behind. ..................... ... ..., 14

Antennge with more than twenty-five joints; elytra always and
wings usually present. (Fig. 69). (Labidura, cosmop.; Nala,
old world; Forcipula, widespr.; Tomopyga, indomal.).

LABIDURID A&

Antennze with ten to fifteen joints; without elytra or wings. .. .. 15

Last dorsal segment truncate. (Idolopsilis, neotrop.; Pseudi-
sélabis, indoaustr.; Paris6labis, Austr.). . PARISOLABID/E

Last dorsal segment bifid; slender species with long legs. (Cten-
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is6labis, Brachy§labis, Antis6labis, ethiop., Austr.; Nanni-
s6labis, ind.; Metisolabis, ethlop ., ind.; Leptlsolabls, wide-

SPL) oo e e BRACHYLABIDE
Second joint of tarsi simple, not lobed nor dilated. (Superfamily
LABIOIDEA) (LABIALES) . .. .. ..., 17
Second joint of tarsi lobed or dilated. (Superfamily FORFICU-
LOIDEA) (FORFIC ULALES). .. ....................... 23
Elytra with a sharp keel or a row of minute tubercles near the
lateral margin. .. ... ... . ... . .. 18
Elytranotthuskeeled. .......... ... ... ... ... ... .. ... 21

Tarsi long and very slender; elytra granulose, the keel formed by
a row of minute tubercles. (Pericdmus, neotrop.).

PERICOMIDE

Tarsi short and relatively thick; elytra smooth, with a sharp
keel ..o 19
Antennz with the joints eylindrical. .. ........... ... ... 20
Antenns with the joints enlarged apically or clavate. (Nesogis-
ter, malay., Austr.) . ................... NESOGASTRIDZE

Abdomen of male with the sides parallel; elytra entire, not ab-
breviated; antenna 16-to 20-jointed; old world species of slen-
der form. (Vandex, ethiop.) ................. VANDICID A&

Abdomen of male broadened at the middle; antenna with 12-15
joints; elytra abbreviated; new world species of stout form.
(Strongylopsalis, neotrop.). ... STRONGYLOPSALIDIDE

Body not strongly flattened. .. .......... .. ... . ... oL 22

Body strongly flattened. (Sparatta, Parasparitta, Prospar-:
atta, neotrop.; Auchénomus, ethiop., malay.).

SPARATTIDAE

Head transverse, the median and frontal sutures strong and deep;
eyes large and prominent. (Spongiphora, Piirex, neotrop.;
Véstox, Am.; Spongovdstox, tropicopol.; Méarava, austro-
mal.) ... SPONGIPHORID &

Head narrow, the sutures weak or obsolete; eyes small, no longer
than the first joint of the antenns. (Labia, cosmop.; Prolabia,
tropicopol.; Larex, neotrop.; Cheatospinia, ethiop., indo-
austr.; Andex, Austr.). ... ..................... LABIIDE

Second joint of tarsi with a narrow lobe produced beneath the third
joint; moderately stout or robust species. (Chelisédoches,
ethiop., indoaustr.; Enkrates, Proreus, indomal.; Soleno-
s0ma, ind.; Kleiddichus, Austr.). ..... CHELISODOCHIDE

Second joint of tarsi with a dilated lobe on each side (Fig. 77). . .24
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. Sternal plates strongly transverse; elytra much reduced in size;
abdomen depressed and dilated; pygidium transverse. (Fig. 65).
(Chelidiira, Burriola, palwxarc.,, Mesochelidira, palzarc.,
ethiop.) CHELIDURIDE

Sternal plates not very decidedly transverse

. Antennal joints not very long and slender, the fourth often much

shorter than the third and the first much shorter than the

Antennal joints all long and slender; fourth not shorter than the
third; first longer and thicker than the others (Fig. 76)

. Meso- and metasternum and pygidium broad; forceps remote,
not depressed; elytra entire or abbreviated. (Fig. 77). (Ane-
chura, Mesasidbia, palearc., neotrop.; Pseudochelidura,
palzearc.; Pter§gida, Allodahlia, indomal.). ANECHURID &

Meso- and metasternum quadrate or narrow; pygidium narrow. 27

. Abdomen cylindrical, not depressed

Abdomen depressed; forceps flattened or cylindrical ; mesosternum
rounded posteriorly; antennz with 12-15 joints; elytra rarely
shortened. (Fig. 70). (Forficula, holarc., ethiop., indomal.
(F. auricularia, European earwig); Chelidurélla, Apterygida,
paleare., ethiop.; Ddru, Amer., Austr.; Skalistes, neotrop.;
HypaGrgus, indomal.) .................... FORFICULID &

. Elytra entire, not shortened; mesosternum rounded posteriorly;

old world species. (BEuddhrnia, ind.; Kosmétor, indomal.).

EUDOHRNIIDE

Elytra abbreviated; nusosternum truncate. (Neolobéphora,

neotrop.; Archidux, ethiop.) NEOLOBOPHORIDAE

. Sternal plates generally transverse, at least relatively broad; meta-
sternum truncate; abdomen and forceps depressed; new world
species. (Fig. 76). (Ancistrogaster, Vlix, Praos, Tristan-
élla, Paracdésmia, neotrop.) ANCISTROGASTRIDE

Sternal plates narrow; metasternum narrow, excavated poste-
riorly

. Abdomen but little depressed, surface rather convex; legs long and
slender; pygidium narrow; forceps remote, slender. (Fig. 66).
(Dinex, neotrop. ; Timémenus, Eparchus, Cérdax, indomal.;
Oplsthocésmla ethiop., malay.; Thalpérus, ethiop.).

OPISTHOCOSMIID®E

Abdomen depressed and rather dilated; legs short; pygidium

strongly transverse. (Diaperdsticus, ethiop.).
DIAPERASTICIDZE
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ORDER DIPLOGLOSSATA
(DERMODERM APTERA)

Moderate-sized, flattened, wingless species living as external para-
sites of rodents. Head horizontal, semicircular, with the mouth open-
ing below. Mandibles strong, dentate; maxillee and labium well de-
veloped, their palpi five- and three-jointed respectively. Antennee
rather short, filiform, with the basal joint greatly elongated. Thoracic
segments expanded laterally into flattened plates; prothorax large,
free. Legs similar, stout and short; coxe small, separated; tarsi three-
jointed, with claws. Cerci long, filiform, but unsegmented. Meta-~
morphosis imperceptible, the females viviparous; living as external
parasites of rodents.

One family. (Hemimerus, South Africa).. .. .. HEMIMERID &
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LITERATURE ON DIPLOGLOSSATA
Hansen, H. J. On the Structure and Habits of Hemimerus talpoides. Ent.
Tidskr., 15, pp. 65-93 (1894).
Jorpan, K. Anatomy of Hemimerus. Novitat. Zool., 16, pp. 327-330 (1909).
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ORDER THYSANOPTERA
(PHYSOPODA)

Small or minute, usually depressed, slender insects with the:Wings
often reduced in size, and frequently capable of jumping, feeding gen-
erally on plant sap, or more rarely on animal juices. Head vertical,
free; eyes well developed; usually three ocelli; mouthparts fitted for
sucking, inferior, asymmetrical, consisting of a triangular clypeus fused

Figs. 80-83. Thysanoptera

\

80. Heliothrips (Russell) Thripide.

81. Euthrips, apex of abdomen of female, showing ovipositor (Russell).
82. Thrips Thripide. :

83. Cephalothrips, head. (Peterson).

with the bases of the maxillz to form a sheath that encloses the man-
dibular and maxillary sete. Prothorax free; wings four, similar, nar-
row, with few or no veins, closely fringed with long bristles, often
vestigial or absent. Legs similar; tarsi one- or two-jointed, with one
or two claws, and with a bladder-like or hoof-like enlargement at tip.
Abdomen with ten visible segments; terminal one frequently tubular;
basal one often closely attached to the thorax. Ovipositor present or
absent, when present consisting of four more or less parallel, often
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strongly curved pieces. Metamorphosis gradual, the nymphs very
similar to the adult; wings developing externally; penultimate instar
often quiescent.

1. Wing surface microscopically hairy; wings usually present, fore
wing with a marginal vein and at least one longitudinal vein
attaining the wing tip; last abdominal segment rarely tubular,
in the female usually conical and longitudinally divided beneath,
in the male usually rounded at tip; ovipositor present, saw-like,
composed of four pieces. (Suborder TEREBRANTIA)

Wing surface bare, without pubescence; fore wing veinless, or at
most with a single, abbreviated median vein, wings often absent;
last abdominal segment tubular in both sexes and not divided
beneath; no ovipositor. (Suborder TUBULIFERA)

. Ovipositor curved upwards; wings usually broad, with the tips
rounded; body not flattened; antennz nine-jointed

Ovipositor curved downwards; wings when present narrower and
almost always pointed at tips; body more or less flattened; an-
tennze six- to nine-jointed. (THRIPOTDEA)

. Labial palpi with fewer joints than the maxﬂlary palpi; all joints
of antenne usually freely movable

Labial palpi with the same number of joints as the maxillary palpi,
or with one more joint; last three to five joints of antennee
closely united, not freely movable

. Maxillary palpi with seven or eight joints; labial palpi with three
to five joints. (Désmothrips, Austr.; Orothrips, nearc.;
Stomaéatothrips) OROTHRIPID &

Maxillary palpi with three joints; labial palpi with two joints.
(Melanothrips, palmarc.; Ankothrips, widespr.; Crano-
thrips, Austr.) MELANOTHRIPID E

. Antenne extremely long and slender, the third joint at least ten
times as long as thick and as long as the head (Fig. 84), joints
three and four without elongated sensory areas; fore wing slen-
der, without crossveins; anterior ocellus absent or very small.
(Franklinothrips, nearc., ethiop.; Corynothripdides, ethiop.).

FRANKLINOTHRIPID &

Antenng much shorter; joints three and four with elongated sen-

sory areas; wings broader, the fore wing with distinct cross-
veins; three well developed ocelli. (E()lothrlps, Archadlo-

thrips, Rhlpidothrlps) (COLEOPTRATID.E).
ZEOLOTHRIPIDE
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Antenne nine-jointed, sometimes apparently ten-jointed, without
an apical stylus; front tarsus with a claw-like projection at the
base of the second joint; third and fourth joints of antennee
enlarged, conical. (Hetérothrips, Am.).

HETEROTHRIPID &

Antennz six- to eight-jointed, rarely with the second joint divided
by a suture so that the antenne appear to be nine-jointed; an-
tenn s usually with a one- or two-jointed style at apex (Fig. 88);
front tarsus simple, without appendage on second joint; third
and fourth joints of antennz not-conical. .. ................ 7

Antennz not moniliform, six- to eight-jointed, always with apical
style; pronotum simple above, without longitudinal sutures;
front and hind femora slender; ovipositor almost always well
developed. .. ... ... i 8

Antennz moniliform (Fig. 85), eight-jointed, without apical style;
pronotum with a longitudinal suture at each side; front and
hind femora greatly thickened (Fig. 87); ovipositor much re-
duced. (Mérothrips, nearc., neotrop.). . MEROTHRIPIDZE

Sixth joint of antennse well developed, usually as large as or
larger than the fifth (Fig. 88) ............ ... o ... 9

Sixth or sixth and seventh joints of antenns very small, style-
hke, very much smaller than the fifth. (Cerdtothrips, paleearc. ).

CERATOTHRIPIDE

Last abdominal segment in female cylindrical, very heavily chitin-
ized, ninth and tenth segments with extremely long, stout,
thorn-like bristles. (Panchatothrips, India; Dintirothrips,
Macrirothrips) ............... PANCHZETOTHRIPID &

Last abdominal segment in female conical, weakly chitinized,
rarely more heavily chitinized than the preceding segments;
ninth and tenth segments never with large thorn-like bristles.
(Figs. 80, 88, 90). (Heliothrips, Thrips, Frankliniélla,
Aniphothrips, Physothrips and many other genera). (STEN-
OPTERIDE) . ......oooiuieeiiiiinaianiinn. THRIPIDZE

Maxillary palpi two-jointed; antennse with seven or eight, usu-
ally eight joints; middle coxee further apart than the other
PAITS © oottt it et i e e e e e e e e 11

Maxillary palpi one-jointed; antennse with four to seven joints;
hind coxee further apart than the other pairs. (Fig. 86). (Uro-
thrips, ethiop.; Stephdnothrips, ethiop., neotrop.; Brady-
thrips, neotrop.; Bebélothrips, palzarc.). (UROTHRIPOI—
DEA) UROTHRIPIDE
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11. Eighth segment of abdomen without peg-shaped projections on the
posterioredge. .. ...t 12
Eighth abdominal segment with long, posteriorly directed, peg-
shaped projections along the posterior edge; last segment of

abdomen extremely short and stout. (Chirothripdides).
CHIROTHRIPOIDID &

Figs. 84-90. Thysanoptera

84. Franklinothrips, antenna (Hood) Franklinothripidee.

85. Merothrips, antenna (Hood) Merothripidee.

86. Bradythrips, apex of abdomen of female (Hood) Urothripidee.
87. Merothrips, leg (Hood) Merothripidze.

88. Frankliniella, antenna (Karny) Thripidze.

89. Pygothrips, apex of abdomen of female (Hood) Pygothripide.
90 Thrips, head and anterior part of thorax (Shaw) Thripidee.

12. Head not produced anteriorly in front of eyes; vertex not sharply
conical, rarely prominently overhanging the base of the an-

L7301 02 A PP 13

Head more or less produced in front of the eyes; vertex conical,
usually prominently overhanging the base of the antenns and
bearing the front ocellus at its extremity; usually with a strong
bristle in front of the eye. (Idélothrips, Gigéntothrips,
Actinothrips) ...................... IDOLOTHRIPIDE




BULLETIN: MUSEUM OF COMPARATIVE ZOOLOGY

. Male with a stout tubular projection at each side of the sixth
abdominal segment. (Mégathrips, Bacillothrips, Megilo-
thrips) MEGATHRIPID &

Sixth abdominal segment of male simple, without a tubular pro-
jection laterally

. Last abdominal segment greatly elongated, about as long as the
remainder of the abdomen and three or four times as long as the
head. (Hystrichothrips, Holurothrips).

HYSTRICHOTHRIPIDE
Last abdominal segment much shorter, never greatly lengthened.15

. Last abdominal segment short, swollen, rounded on the sides; pre-
ceding segments very much shorter than wide (Fig. 89). (Pygo-
thrips, Austr.) ... ..ot PYGOTHRIPIDE

Last abdominal segment tubular, slightly narrowed apically, pre-
ceding segments not transversely linear, the ninth usually but
little wider than long

. Third joint of antennz with a strong crest-like ring of large sense
cones at apex. (Ecacanthothrips, Indomal.; Ormothrips).

ECACANTHOTHRIPID &
Sense organs of third joint no more strongly developed than those
of the other joints

. Sensory cones of antennz unusually long and acute, each with an
accessory cone or a long, slender bristle, the joints which bear
the cones much swollen; eyes very much enlarged, contiguous.
(Bupatithrips, Sedulothrips) EUPATITHRIPIDE

Sensory cones not remarkably developed; eyes much smaller.
(Phleothrips, Trichothrips, Liothrips, Acanthothrips,
Zygothrips, and many others) PHLEOTHRIPIDAE
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ORDER BLATTARIZE
(OOTHECARIA, CURSORIA, BLATTOIDEA)

Moderate-sized or large, sometimes very large, rarely very small,
broadly oval, flattened, quick-running insects. Head free but inflexed
s0 as to be nearly or quite concealed beneath the pronotum, the mouth
posterior or nearly so. Mandibles strong, toothed; maxillee well de-
veloped, bilobed, with five-jointed palpi; labial palpi three-jointed;
eyes usually well developed, usually two ocelli; antenne long, fila-
mentous, many-jointed. Prothorax large, movable, usually transverse;
meso- and metathorax subequal, not freely movable. Wings often
absent or much reduced in size; when present, overlapped on the
abdomen; fore wings parchment-like, containing many veins; hind
wings with a large anal lobe, clearly separated from the rest of the wing
and radially folded. Legs strong, similar, coxa large; tibize usually
strongly spinose; tarsi five-jointed. Abdomen with ten tergites of
nearly equal size, broadly attached at the base and not very freely
movable; cerci prominent and jointed. Metamorphosis slight. Roaches.

1. Middle and hind femora, or at least the hind femora, with several
evident marginal spines beneath. ........ ... ... ... L. 2
Middle and hind femora unarmed beneath, or furnished only with
hairs and bristles, or with one or two apical or subapical
SPIMES .+ o e vt vt ee e e e e e e e e 8
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2. Females with the seventh ventral segment divided posteriorly to
form a valvular apparatus. ............... ... ... o L. 3

~ Seventh ventral segment of female large, undivided, and rounded.4
3. Moderate to large, heavily pigmented species, with eyes; tenth
dorsal segment of the male more or less quadrangular, often
impressed, or emarginate behind. Mainly tropical. (Blatta,
cosmop. (B.orientalis, Oriental cockroach); Bur§cotis, neotrop.;
Polyzostéria, austr.; Méthana, ethiop., indoaustr.; Deropél-

tis, ethiop.; Periplanéta (Fig. 92) cosmop. (P. americana,
American cockroach, P. australasie, Australian cockroach).
(PERIPLANETINE) . ......ccccuivieiei... BLATTID &

Figs. 91-92. Blattarice

91. Blatella. Phyllodromiide.
92. Periplaneta, wings. Blattide.

Small, colorless, cave-inhabiting species, with the eyes vestigial
or absent; wings reduced or absent; tenth dorsal segment of the
male elongate triangular and emarginate behind. (Nocticola,

Spel@oblitta, indomal.) . ............... NOCTICOLIDAE
4. Moderate to large species, not living in ant nests; antennal joints
ShOTt . .o 5

Very small, wingless or subapterous species, 2 to 5 mm. in length,
living in ant nests; entire body covered with loose hairs; legs
stout, the tibise heavily spined; antennal joints much longer
than wide. Neotropical. Ant guests. (Attaphila (Figs. 98, 99)).

ATTAPHILIDE
5. Tenth dorsal segment of both sexes usually transverse and narrow;
hind wings when present with an apical field; fore wings with the
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branches of M and Cu strongly oblique and leading toward the

hind margin; hind femora usually sparsely armed with spines

beneath. (Ectdbia, cosmop.; Anaplécta, Pseudectdbia, neo-
trop., ethiop., indomal.; Hololampra, holarc., ethiop.).

ECTOBIIDE

Tenth dorsal segment of both sexes more or less produced, tri-

angular or emarginate; hind femora usually strongly spined

. Tenth dorsal segment of both sexes triangular and entire, the cerci
distinctly projecting ‘

Tenth dorsal segment of the male more or less quadrate, with ob-
tuse angles, that of the female broadly rounded or lobate, the
cerci not projecting; tarsi with distinct pulvilli. (Calolimpra,
widespr.; Epilampra, neotrop.; Leuroléstes, Phlebondtus,
Phoraspis, Hyrophicndéda (Fig. 97), neotrop.; Homalép-
terus, indomal., neotrop.; Heterolampra, ethiop., indoaustr.).
(PHORASPIDIDAE) EPILAMPRIDZE

. Pronotum and fore wings smooth; hind wings with the radial vein
usually emitting several parallel costal veins; pulvilli absent.
(Caloblatta, Psettdomops, neotrop.; Blatélla (B. germdnica,
Crotonbug)- (Figs. 91, 95), Ischnéptera, Lobéptera, Phyllo-
drdmia, Temnépteryx, cosmop.; Ellipsidion, austr.). (PSEU—
DOMOPID.E) PHYLLODROMIID&E

Pronotum and fore wings covered with a silky pile; hind wings
with the radial vein emitting irregular costal veins; pulvilli
present; usually large species. Neotropical. (Megaloblatta,
Nyctibora, Heminyctibora) NYCTIBORIDAE

. Abdomen with the seventh segment normal, not enclosing the
terminal segments, the cerci and at least the tenth dorsal seg-
ment free

Abdomen with the seventh segment of both sexes broadly rounded,
triangular and enclosing the terminal segments and also the
cerci; tibiee short and strongly bristly; wingless and greatly con-
vex species. (Cryptocércus (Fig. 94), nearc.).

CRYPTOCERCID.E

. Hind wings twice as long as the fore wings, with a transverse fold
at the middle through which the veins continue to the apex,
folded in repose; fore wings elytra-like, with weak venation;
insects resembling dytiscid beetles. (Diploptera (Fig. 93)
austromal.) : DIPLOPTERIDZE

Hind wings without a middle transverse fold through which the
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veins continue to the apex, sometimes with an apical triangular

field ... ... 0

10. Tenth dorsal segment semicircular, broadly produced, its hind

margin more or less strongly dentate; last ventral segment of the

‘male very small, without styles; legs robust, the front pair

fossorial, tibize strongly spinose, tarsi relatively short, without

arolia; costal margin of the fore wings split, wings often reduced.
(Panésthia, Salginea, indoaustr.; Geoscipheus, austr.).

PANESTHIIDE

Last dorsal segment without produced and dentate hind margin.11

A S —
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Figs. 93-99. Blattarise

. Diploptera (Tillyard) Diplopteride.

. Cryptocercus, dorsal outline (Hebard) Cryptocercidee.
. Blatella, hind wing. Phyllodromiidee.

. Cocoblatta (Saussure) Blaberidee.

. Hyporhicnoda (Hebard) Epilampridze.

. Attaphila, dorsal view (Wheeler) Attaphilids.

. Attaphila, ventral view (Wheeler) Attaphilide,

. Hind wings with an area between Cu and A capable of being
folded, the anal fold large; small species
Hind wings without a cubital fold or at most with an indication of
one, or the wings reduced
. Fore wings with the branches of M and Cu directed toward the
hind margin, anal area small, with few veins extending to the
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margin, costal area short. (Chorisonetra, Am.; Choristima,
austr.; Anaptycha, Hemiptérota, neotrop.).
CHORISONEURID &
Fore wings with the branches of M and Cu directed toward the
apical margin, costal area usually long and narrow. (Areolaria,
malay.; Hypnérna, Plectéptera, neotrop.).

AREOLARIIDE
Very small species, 5 to 7 mm. in length, living in nests of ants. .14
Larger species, not myrmecophilous. .. ..................... 15

Flattened, narrow, winged species; fore wings pubescent, with
weak venation, the branches of M and Cu parallel; tibiee with
long bristles; cerci long and jointed. Neotropical. (Notho-
blatta) .......covrieii i NOTHOBLATTID A&

Rather convex insects with abbreviated fore wings and no hind
wings; tibial spines weak; cerci short and broad. Ant guests.
Neotropical. (Atticola)................... ATTICOLIDAE

Female with the seventh ventral segment divided behind to form
apairof valves. .. ..o e 16

Female with the seventh ventral segment not forming a pair of
valves . .... SO 19

Large species; prothorax elongate-trapezoidal, not tomentose;
legs very long, the tibial bristles weak; anal areas of the hind
wings of the fully winged forms large and plaited several times
in repose; fore wings with the costal cell narrow and without
crossveins, subcosta long, reaching the middle of the wings.
(Archiblitta, Catara, malay.) ........ ARCHIBLATTIDE

Insects not conforming to the preceding description; anal area of
the fully winged forms smaller, folded only once or twice. . . .. 17

Small species with pubescent thorax; hind wings with a pro-
nounced thickening surrounding the ends of the shortened sub-
costa. Widespread, tropical. (Compsdédes, Euthyrrhapha,
Holocompsa) ......coovvevnnnn.. EUTHYRRHAPHIDAE

Hind wings without nodal thickening at the end of the subcosta. 18

Small, delicate species; tibial bristles weak; cerci long; veins
simple or few-branched. (Latindia, neotrop.).

LATINDIID &
Large species; tibial bristles strong; cerci short; veins many-
branched. (Homoeogamia, Am.) ..... HOM®EOGAMIIDE

Tarsal claws without arolia, or with a minute arolium; tenth dorsal
segment of the male abdomen more or less deeply notched. . .20
Tarsal claws with a distinct arolium between them. .. ......... 22
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20. Prothorax smooth; anal field of the hind wings of the fully winged
forms large and folded fan-like; large, robust, but not greatly
convex species. (Archimandrita, Blaberus, Cacoblitta

(Fig. 96), Blaptica, neotrop.) . ............... BLABERIDZE
Prothorax hairy; anal field of the hind wings of the fully winged
forms smaller, folded only once or twice. .................. 21

21. Tenth dorsal segment of the male abdomen transverse, often con-
stricted at the middle; large, broadly convex species. (Pol§-
phaga, palzarc., indomal., ethiop.) ....... POLYPHAGIDZE

Tenth dorsal segment more or less produced, its hind margin
notched; broad beetle-like, showy insects. (Cor§dia, indomal.).
CORYDIIDAE

22. Dorsal segments of the abdomen with protruding lateral angles;
tenth dorsal segment quadrangular and medially notched be-
hind. (Panchlora, neotrop., ethiop.; Gyna, ethiop.; Leuco-
ph®a,ind.; Nauphdta, ethiop., neotrop.; Pucnoscéllus, ind.;
Oniscosdma, austr.) ................... PANCHLORID &

Abdominal segments without projecting lateral angles; tenth dor-
sal segment transverse, its hind margins straight or rounded. .23

23. Hind wings more or less pointed or with a much produced apical
field into which the cubital branches do not enter. (Oxyhaloa,
ethiop., NEOtrop.) . .. ovvvvvee e e, OXYHALOIDE

Hind wings with rounded tip and no specialized apical field.
(Elliptoblatta, Stenopiléma, ethiop.; Hormeética, Am.;
Perispheria, indomal.; Paraspheria, neotrop.).

PERISPHZERIIDE

LITERATURE ON BLATTARIAE
See also Orthoptera (sens. lat. p. 57)
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ORDER MANTODEA
(MANTOIDEA)

Moderate-sized or large insects of predatory habits; the front legs
very long, with the femora and tibiz usually heavily spined and cap-
able of being folded closely together to grasp the prey. Body elongate,
sometimes very slender and usually flattened. Head freely movable,
not inserted in the prothorax; eyes prominent, usually three ocelli;
mandibles strong, the mouthparts inferior, rarely turned forwards;
antenne long and filamentous, many-jointed, rarely pectinate in cer-
tain males. Prothorax long or very long, freely movable, sometimes
with the sides expanded; meso- and metathorax shorter, of about equal
length, not freely movable. Four wings, overlapping on the abdomen,
sometimes much reduced or absent, especially in the female; venation
complex, fore wings usually considerably smaller than the hind pair and
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of stouter consistency. Tarsi almost always five-jointed, terminating
in two claws; femora and tibize sometimes with expanded margins.
Abdomen elongate oval or long and cylindrical, the terminal segments
not abbreviated, tenth tergite forming a supra-anal plate; cerci usually
jointed, never very long. Metamorphosis incomplete; habits similar
throughout development. Praying mantids, Soothsayers.

A single family MANTIDE'

1. Front tibiee without an apical hook, with two rows of spines below;
cerci very long, many-jointed; small, winged species with freely
movable head and simple posterior legs. (Fig. 109). (Cha-
teéssa, neotrop.) CHAETEESSINAE

Front tibise with apical hook.

. Front tibie with one or two long teeth on the dorsal s1de before
the apical hook, otherwise with only very few spines; cerci
simple; small slender species. (Fig. 105). (Bantia, Pseudo-
musonia (=Mionyx), Bactromantis, Oligonyx, neotrop.;
Haania, malay.) OLIGONYCHINE

Front tibise without teeth above

. Front tibiee without rows of strong spines below, or with only the

inner row distinctly developed
Front tibize with two rows of well developed spines below

. Head with the mandibles directed forwards, the part behind the
eyes well developed, usually long; slender, elongate species.
(Fig. 107). (Compsothéspis, ethiop., Austr.; Clioméantis,
Austr.) COMPSOTHESPINZE

Head of normal form, with protuberant eyes; jaws not directed
forwards; stouter species with the thorax comparatively short.
(Perla,ma,ntls, palzarc.; Amorphdscelis, ethiop., As., Austr.).
(AMORPHOSCELINAE‘) PERLAMANTINZE

. Front femora with the spines of the internal row equal or alter-
nately long and short

Front femora with the spines of the internal row arranged so that
the long spines are separated from one another by a series of
three short ones. Usually large species, with the antenne bipec-
tinate in the male and the vertex prolonged into a more or less
conical protuberance. (Fig. 106). (Empusa, palearc.; Idolo-
moérpha, ethiop.; Blephardopsis, ethiop. As.; Blepha,rbdes,
Idélum, ethiop.) EMPUSINZE

1 The Mantida include an extensive series of very diverse forms and have been grouped into a
large number of subfamilies by Giglio-Tos whose divisions have been generally accepted. These
together with several others of equal importance may be distinguished by the following key
which follows the arrangement of Giglio-Tos. It seems probable that the Mantodea will soon
be regarded as comprising several families.
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Hind tibiz carinate above, or bearing several ridges. ........... 7
Hind tibiee smooth, not carinate orridged. ................... 8

S
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Figs. 100-105. Mantodea

Stagmomantis (Rehn and Hebard) Mantidz.
Deroplatys (Westwood) Mantidse.

Angela (Saussure and Pictet) Mantidze.

Hoplocorypha (Rehn) Mantidz. ;
Toxodera. a,hind femur of same (Westwood) Mantidze.
Oligonyx (Saussure and Pictet) Mantidze.

Hind tibiz bearing three ridges; body brilliantly metallic; front
femora short and broad, with a very stout basal spine; stout
species with short prothora,x (Fig. 108). (Metallyticus, in-
domal.) .......... . METALLYTICIN &
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Hind and middle tibiz with one or two caring above, except rarely
in the male; prothorax long. (Fig. 111). (Oxydpsis, Pseud-
6xyops, Vates, Stagmatdéptera, neotrop.; Stenovates, Popa,
ethiop.; Zthaléchroa, Ceratocrania, 1ndomal) .VATINA

. Front femora externally with a series of five to seven spines. .. ..9

Front femora with four spines in the externalrow. ............ 19

. Front femora with the first discoidal spine longer than the second;

very long bodied, slender species. (Schizocéphala, indomal.;
Euchomensélla, Ind ; Agrionépsis, ethiop.; Angela (Fig. 102),

neotrop.). (ANGELI NE) .......... SCHIZOCEPHALINZE
Front femora with the first discoidal spine shorter than the
SECONA . .\ ot e e 10

Cerci flattened, dilated apically and more or less leaf-like; very
elongate, slender species, with the front femora thin. (Fig. 104).
(Toxdédera, Euthyphleps, Loxoméantis, indomal.; Calamo-
théspis, Belomantis, ethiop.; Stenophylla, neotrop)

TOXODERINZE
Cereci conical or compressed, not leaf-like. .. ................. 11
Front femora with three discoidal spines.................... 12
Front femora with four discoidal spines. .. .................. 14

Front tibise with more than eleven spines in the outer row; front
femora with five external and three discoidal spines; small
species. (Acontista, Tithrone, Astdllia, Callibia, neotrop.).

ACONTISTINZE

Front tibiz with from eight to eleven spines in the outer row. . .13

Frontal shield transverse; pronotum at least as long as the front
coxe, ovally dilated or sometimes with the sides more or less
parallel. (Brunnéria, Macroméintis, Photina, Orthoder-
élla, neotrop.; Iris, widespr.) ................ PHOTININE

Frontal shield subquadrate. (See couplet 23).

EREMIAPHILINE, part

Supra-anal plate very long, lanceolate; hind femora and tibize
with a few small spines beneath; body slender; pronotum as
long as the front coxz. (Bolivaria, Geomantis, Rivetina
(=Frscheria), palearc.; Deiphobe, indoaustr.; Ischnomantis,

Omomiéntis, ethiop.). (FISCHERIINZE). .. ... RIVETINZE
Supra-anal plateshort............. .. ... .. ... ... 15
Front tibiz with six to eleven spines in the outerrow. .. .... ... 16
Front tibise with more than eleven spines in the outer row. .. ... 17

Front femora very broad, elliptical, with the upper margin strongly
arcuate; vertex conically elevated with a tubercle on each side
next to.the eye; pronotum shorter than the front coxe or barely
as long, with conical tubercles on the disk; small species. (Oxy-
pilus, Euoxypilus, ethiop.; Pachyma,ntm, Ceratoméantis,
Pseudoxypilus, indomal.) .................. OXYPILINE
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18.

19.
20.

21.

22.
23.

24.

25.

26.
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Front femora narrower, more or less triangular; pronotum with
rounded lateral dilatations that give it a trifoliate appearance;
small species. (Dystédcta, Gonypetélla, Achlena, Telo-
mantis, ethiop.) ......................... DYSTACTINAE

Eyes acuminate, or the hind femora lobate; moderate-sized species
colored like dry leaves. (Metilia, Decimia, Acanthops, Epa-
phrodita, neotrop.; Phyllocrania, ethiop.; Parablépharis,
mal.) ... ... EPAPHRODITINZE

Eyes rounded, or the hind femora simple. . .18

Frontal shleld transverse (see couplet 13) PHOTININE part

Frontal shield subquadrate (see couplet 23)

EREMIAPHILINE part

Front coxs with a minute apical lobe at the front margin. .. ... 20
Front coxee without apical lobe. .......... ... . ............ 21
Front femora triangular, broad, not more than three times as long

as wide; small species, the female often wingless. (Pseudomi-
6pteryx, Mantillica, Diabintia, Miobantia, neotrop.).
PSEUDOMIOPTERYGINE .
Front femora slender, more than three times as long as broad; pro-
notum long and narrow, not noticeably dilated; small slender
species. (Fig. 103). (Musoniélla, Musdnia, Diamusonia,
Théspis, neotrop.; Hoplocérypha, ethiop.).. ... THESPINZ
Front femora with the two intermediate spines of the outer row
longer than the others; pronotum longer than the front coxa;
fore wings long in the male, short in the female; body usually
very slender. (See couplet 9) . SCHIZOCEPHALIN}E part
Front femora with the two intermedlate spines of the outer row

not longer than the others. .......................... ... 22
Front tibiz with four or five spines in the outerrow. .......... 23
Front tibize with more than five spines in the outer row. ...25
Front femora with the groove that receives the tibial claw remote

from the base. ... 24

Front femora with the claw groove close to the base. (Eremi-
aphila, palzarc.; Tarachodes, Galépsus, Tarachédula,
ethiop.; Parepiscopus, Didymocérypha, indomal.). (ORTHO-
DERINZ, TARACHODINE) ...... ... EREMIAPHILINE

Vertex not produced (see couplet 20). .. ..... THESPINZE, part

Vertex produced into an elongate, triangular process. (Pyrgo-.
maéntis, ethiop. ) (see couplet 23). . EREMIAPHILIN, part

Lateral margins of pronotum parallel or divergent in front (see
couplet 23). (Humbertlella, Theopompula indomal.; Elea,
Theopémpa, ethiop.) . EREMIAPHILINE, part

Lateral margins of pronotum more or less convergent in front. . 26

Front tibiz with the spines in the outer row erect and remote from
oneanother . .. .. ... .. ... . .. ... .. 27
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27.

108

106.
107.
108.
109.
110.
111.
112.

28.

29.
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Front tibiz with the spines in the outer row decumbent and very

close together. .. .. ... ... .. . L 50
Front femora with from one to three discoidal spines. ......... 28
Front femora with four discoidal spines. .. .................. 29

106 N 107

111

112

Figs. 106-112. Mantodea

Empusa, front leg (Westwood) Mantids.

Compsothespis, front leg (Westwood) Mantidze.
Metallyticus, front leg (Westwood) Mantide.

Chateessa, front leg (Westwood) Mantidz.

Mantoida, front leg (Westwood) Mantidz.

Vaites, hind leg (Saussure and Pictet) Mantidze.

Vates, base of antenna of male (Saussure and Pictet) Mantldm

Internal apical lobes of the front coxse divergent, not dilated into
a small lobe at the tip; small species. (Tarachina, Bélbula,
Emcophlaebla., ethiop.; Bolbe, Ciulfina, Austr.; Haplo-
péza, Iridopteryx, Fulciniélla, Eomantis, mdomal)

IRIDOPTERYGINE

Internal apical lobes of the front coxee contiguous. (See couplet 14)

RIVETINZE, part

Front femora Wlth a well marked fovea or pit between the first
and second spines of the outer row....................... 30

Front femora without such afovea......................... 34
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Front femora with the discoidal spines forming a sinuous line;
species of moderate size, with short, stout body, the pronotum
broad and depressed. (Gonatista, Liturglisa, neotrop.; Dac-
tylépteryx, ethiop.; Gonatistélla, Austr.). R

_ LITURGUSINZA

Front femora with the discoidal spines placed in a straight line. .31

Spines of outer row on front femora very long and curved. . . ... 32

Spines of outer row on front femora shorter, straight slender-
bodied species, with the wings well developed in both sexes.
(Arria, malay.; Sibjlla, Presibjlla, ethlop) SIBYLLINZE

Pronotum with two tubercles near the base of its posterior por-
003 1 33

Pronotum simple, without tubercles; slender or very slender
species, with well developed wings in both sexes. (Caliris, Ind.;
Leptomantis, malay.; Deromantis, ethiop.). _

CALIRIDIN &

Hind femora with a small lobe or tooth below near tip; more or less
stout and short-bodied species with strongly prominent eyes.
(Majanga, ethiop.; Majangélla, malay.). ..  MAJANGINZE

Hind femora simple, Wlthout such projection; body slender, flat-
tened, the eyes moderately prominent. (Melliera, neotrop.;
Mellieriélla, Austr) ...................... MELLIERINE

Vertex produced into an elongate process (see couplet 6).

OXYPILINZE, part

Vertex not elongated or produced. ...................... ... 35

Four posterior tibiz or their femora minutely spinulose below. .36

Four posterior tibise and femora with the lower edge smooth. .

Frontal shield transverse; discoidal portion of hind wings not
banded. (See couplet 14) .......... FISCHERIINZ, part

Frontal shield scarcely broader than high; discoidal portion of
hind wings with black cross-bands; pronotum at least as long as
the front coxez. A cosmopolitan group. (Fig. 100). (Mantis,
palzarc., Austr.; Stagmomantis, Am. (S. carolina, Carolina
mantis); Auroméantis, Uromantis, neotrop.; Ca.lidomé,ntis,
Sphodroméntis, ethiop.; Tenddera (7. sinénsis, Chinese
mantis), Polyspolﬁta, widespr.; Sphodrépoda, Austr.).

MANTIN &
Lateral margins of pronotum strongly expanded leaf-like. . . .. 38
Lateral margins of pronotum not expanded. ................. 40
Posterior femora simple. .. ..o 39

Posterior femora lobed; large, brown, leaf-like species with con-
spicuous foliaceous expansions at the sides of the pronotum
and at the tips of the four posterior femora. (Fig. 101).
(Deréplatys, E. As.; Brancsikia, Madagasc.).

DEROPLATINZAE
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44.
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48.

49.

50.
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Hind metatarsi simple, not carinate; large species with the pro-
notum bearing leaf-like expansions at the sides. (Cheeradédis,
neotrop., indomal.)............ ... .. ... CH(ERADODIN}E

Hind metatarsi carinate. (See couplet 36) . ... MANTINZ, part

Eyes produced laterally to form a conical, splmform process; body
very slender, filiform. (Oxyothespls, ethiop., As.; Hetero-

chetula, malay.) .................... OXYOTHESPINE
Eyesroundedlaterally . ........... ... .. ... ... ... ..., 41
Fore wings and antennz of the male ciliate. .. ............... 42
Fore wings and antennz of the male not ciliate. .............. 44

Pronotum linear or extremely slender; small species; the female
apterous. (Miépteryx, Promiépteryx, Chloromiépteryx,
1071017 00) ¢ 39 AU MIOPTERYGINAE

Pronotum more or less expanded. ......... .. ... ... ... 43

Pronotum almost trilobed, the angulations of the expansions some-
what acuminate; fore wings of male broad (see couplet 16).

DYSTACTINZ, part

Pronotum more or less elliptical, the angulatmns of the expansions

rounded; elytra narrow. (See couplet 45) ... AMELINZ, part

Pronotum shorter than the front coxee. ..................... 45
Pronotum as long as or longer than the front coxz. .....46
Hind wings not colored; small species. (Ameles, Pseudoyersmla,

paleearc.; Yersinia, Litanettria, neotrop.; Améantis, Myr-
cinus, Gonypeta, indomal.; Metentélla, Ligaria, ethiop.).
AMELINAE
Hind wings brightly colored, otherwise similar to the Amelinz.
(Compsomantis, Opsomantis, malay.).
COMPSOMANTIN &
Front tibia with the sixth spine from the apex in the outer row
longer than the fifth. (See couplet 32). . CALIRIDINZ, part
Front tibia with the sixth spine not longer than the fifth. .. .. .. 47
Eyes produced laterally to form a conical, spiniform process.
(Seecouplet40).................. OXYOTHESPINE part
Eyesnot thusspined. ............. .ot 48
Front femora with the first spine in the discoidal row not shorter
than the second; large species of elongate form; wings large in
male, short in female (Archiméantis, Rheoma,ntls Pseudo-

mantis, Austr.) ............... ..., ARCHIMANTINZE
Front femora with the first discoidal spine shorter than the
SECONM . .ttt et e e e e e 49

Supra-anal plate very long, lanceolate; large species with the pro-
notum much longer than the front coxe. (Solfgia, ethiop.).

SOLYGIIN P -

Supra-anal plate short. (See couplet 36).... MANTINZE, part

Pronotum slender, as long as the front coxee. .. .............. 51
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Pronotum more or less broadened, shorter than the front coxz;
body more or less short and stout; wings well developed in both
sexes. (Odontomantis, Hestidsula, Creobroter, Ind.; Oto-
méntis, Panargica, Harpagomantis, ethiop.). (CREOBRO-
TINAE) ... i HYMENOPODINZE

51. Margins of pronotum broadly laminate (see couplet 17).
EPAPHRODITINZA, part

Margins of pronotum not broadly laminate; species of moderate
size, with slender pronotum which is at least as long as the front
cox®. (Anaxarcha, Acromantis, Citharomantis, indomal.;
Theomaintis, Sigérpes, Anasigérpes, ethiop.). _

ACROMANTINZAE

LITERATURE ON MANTODEA
Giario-Tos, E. Mantidi Esotici, I-XTII. Boll. Soc. Entom. Italiana (1911-17).
(Various parts.)
Saggio di una nuova classificazione dei Mantidi. Boll. Soc. Entom.
Italiana, 49, pp. 50-87 (1919).
Mantide, Perlamantinz. Gen. Insectorum, fase. 144, 13 pp. (1913).
Mantide, Eremiaphiline. Gen. Insectorum, fase. 177, 36 pp. (1921).
Mantide. Das Tierreich, Lief. 50, 707 pp. (1927).
KirBy, W. F. A Synonymic Catalogue of the Orthoptera. Vol. 1. British
Mus. Nat. Hist., London (1904).
REHN, J. A. G. Mantid®. Vatinz. Gen.Insectorum,fase. 119, 28 pp. (1911).
Savussure, H. Essai d'un Systéme des Mantides. Mittheil. schweiz. Entom.
Ges., 3, pp. 49-73 (1869).
Tinpare, N. B. Review of Australian Mantide. Rec. South Australian Mus.,
2, pp. 425-457 (1923).
Westwoob, J. O. Revisio Mantidarum. London (1889).

ORDER EMBIODEA

(EMBIIDINA, EMBIOIDEA, EMBIOPTERA, OLIGONEURA,
ZTIOPTERA)

Elongate, slender, feeble insects of small or moderate size. Head
large, elongate; eyes small or of moderate size; ocelli absent; antennse
slender, many-jointed (16-32). Thorax elongate; prothorax large, free;
meso- and metathorax each about as large as the prothorax; males
usually winged, females always wingless. Wings similar, pubescent,
elongate, the media and cubitus much reduced; no anal fan or lobe.
Wings lying flat on the abdomen when at rest. Abdomen ten-seg-
mented; long, narrow and with parallel sides; tip of abdomen and
cerci usually strongly asymmetrical in the male; cerci two-jointed.
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Tarsi three-jointed; first joint of front tarsi swollen, containing glands
for spinning a silken web in which the insects live.

Metamorphosis gradual, incomplete. A small group, restricted to
the tropics and subtropics.

116

Figs. 113-117. Embiodea

113. Oligotoma, female (Melander) Oligotomidze.

114. Donaconethis, wings (Enderlein) Embiidz.

115. Rhagadochir. g, front tarsus; b, middle tarsus; ¢, hind tarsus (Silvestri)
Embiidee. )

116. Rhagadochir, apex of abdomen of male (Enderlein) Embiidz.

117. Oligotoma, wings (Enderlein) Oligotomidz.

1. Posterior branch of the radial sector forked in both wings, or at
least in the hind wing, 4.e. both Rs and Rs developed (Figs. 114,
115, 116); sternite of first abdominal segment of female large.
(Embia, Haploémbia, widespr.; Rhagidochir, ethiop.,
neotrop.; Antipaluria, Clothoda, neotrop.; Donaconéthis,
ethiop.). (including OLYNTHIDAZE) . ........... EMBIIDE

Posterior branch of the radial sector simple in both wings, <.e.
R4 and R; fused (Fig. 117); sternite of first abdominal segment
of female greatly reduced in size. (Fig. 113). (Oligétoma, cos-
mop. ;Teratémbia, neotrop.). (Including TERATEMBIID E).

- OLIGOTOMIDE
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LITERATURE ON EMBIODEA

E~npERLEIN, G. Embiidinen. Coll. Zool. Selys-Longchamps, fasc. 3 (1912).
Hacen, H. A Monograph of the Embidina. Canadian Entom., 17, pp. 142—
155-(1885). '
Krauss, H. A. Monographie der Embien. Zoologica, Heft 60, 78 pp. (1911).
NavAs, L. Embiépteros de la America meridional. Brotéria, 16, pp. 85-110(1919).
TiLyarp, R. J. The Embioptera or Web-spinners of Western Australia.

Journ. Roy. Soc. West Australia, 9, pp. 61-68 (1923).
Veruorrr, K. W. Zur vergleichende Morphologie und Systematik der Em-~
biiden. Act. Acad. Leopold. Carol., 82, pp. 145-204 (1904).

. ORDER ISOPTERA

Small or medium-sized, elongate, feeble insects living in large colonies
and occurring as winged sexual individuals and wingless workers and
soldiers; usually with weak chitinization, especially in the sterile castes
which are soft-bodied and white, except for the heavily chitinized head.
Head large, free, rather vertical; eyes and two ocelli usually present in
the winged forms, or absent in the workers. Mandibles strong, often
very large; antennz filamentous, more or less moniliform. Prothorax
free, but much smaller than the head. Legs similar, formed for running
or walking; tarsi four- or rarely five-jointed, with well developed claws.
Wings similar, long and narrow, deciduous soon after maturity at a
preformed transverse suture near the base; long and narrow, super-
imposed over the abdomen, the hind pair very rarely with an anal area;
venation almost always much reduced and without crossveins. Cerci
short, one- to three-, rarely eight-jointed. Metamorphosis very incom-
plete. White ants, Termites.

Males and Females

1. Tarsi four-jointed in all castes, sometimes With the indication of
a fifth joint; fore and hind wings similar, narrow, the hind pair
without anal lobe; transverse basal suture present on all four

Tarsi five-jointed ; hind wing with a well developed anal area which
is capable of being folded beneath the remainder of the wing;
transverse basal suture present only on fore wing. (Masto-
térmes, Austr.) (Fig. 124) MASTOTERMITID &

2. Radius with one or more superior branches forming a costal field;
clypeus not divided by a median line; fontanel (the opening of
the frontal gland on the face) absent
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Radius simple, not branched; clypeus divided by a median line;
fontanel usually present . .. ............ o i i, 4

3. Ocelli present; empodium present between the tarsal claws; pro-
notum large, wider than the head; wing stubs of the front wing
much larger than those of the hind wing and overlapping them;

Figs. 118-124. Isoptera

118. Termes, queen (Hegh) Termitidee.

119. Calotermes, wings (Calotermitide).

120. Eutermes, head of worker. Termitide.

121. Eutermes, mandible of worker. Termitidz.

122. Reticulitermes, wings (Banks) Rhinotermitide.
123. Termes, worker (Hegh) Termitide.

124. Mastotermes, wings (Desneux) Mastotermitide.

antennge with 13 to 23 joints; tibiee with three apical spines.
(Calotérmes (Fig.119), Neotérmes, Cryptotérmes, cosmop.).
(PROTERMITID.Z, part)............ CALOTERMITIDE
Ocelli absent; empodium absent; pronotum narrower than the
head; wing stubs of fore wings shorter, not overlapping those of
the hind pair; antenna with 23 to 27 joints; usually more than
three (3—5) apical spines on the tibize. (Hodotérmes, ethiop.;
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Anacanthotérmes, palzarc., Indo-malay.; Termopsis, ne-
arc.). (PROTERMITID E, part) HODOTERMITID &
4. Wings transparent, without hairs, their margins not ciliate; vena-
tion in posterior part of wing indistinct, more or less reticulate;
front wing stub large. (Rhinotérmes, neotrop.; Coptotérmes,
Schedorhinotérmes, widespr.; Reticulitérmes (Fig. 122),
holarc., Indo-malay.). (MESOTERMITID.E).
RHINOTERMITIDE
Wings more or less opaque, their outer and hind margins ciliate, or
at least the wing membrane hairy near the margin; venation
distinct on posterior portion of wing; front wing stub never
large. (Microtérmes, Amitérmes, Microcerotérmes, Nasu-
titérmes, widespr.; Térmes, ethiop., Indo-malay.; Procubi-
térmes, ethiop.; Capritérmes, Indo-malay.;Neocapritérmes,
neotrop., ethiop.). (Figs. 118, 120, 121, 123). (METATERMIT-
) TERMITIDZE

Soldiers
. Tarsi distinctly five-jointed MASTOTERMITIDE

Tarsi four-jointed, rarely with an indistinct fifth joint..........2
. Fontanel absent; eyes present; mandibles often with very strong

Fontanel present; eyes entirely absent or rarely slightly indi-

. Compound eyes usually very distinet, black, rarely not pigmented;
antennee with 23 to 31 joints; legs rather long and weak, extend-
ing well beyond body; cerci prominent, usually with three or
more joints HODOTERMITID E

Compound eyes present as white, rarely pigmented, finely faceted
spots; antennee with 10 to 20 joints; cerci very short, with two, or
- rarely, three joints CALOTERMITID &

. Pronotum flat, without separated lobes in front; head not nasute;

mandibles not toothed RHINOTERMITIDE
Pronotum saddle-shaped, with distinet lobes in front; head either
nasute or with toothed mandibles TERMITID &

LITERATURE ON ISOPTERA

Banks, N. Antillean Isoptera. Bull. Mus. Comp. Zoél., Harvard, 62, pp.
475-489 (1919).
A Revision of the Nearctic Termites. Bull. U. S. Nat. Mus., No. 108
(1920).
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8, pp. 201-459 (1925).
Frogeart, W. W. Australian Termitide. Proc. Linn. Soc New South Wales,
10-12 (1895-97) (several parts).
FuLier, C. The Termites of South Africa. South African Journ. Nat. Hist.,
3, pp. 14-52; 70-130 (1921-22).
Hrech, E. Les Termites. Brussels, 756 pp. (1922). Republished with additions
in Bull. Agric. Congo Belge, Brussels, 11-14 (1920-23).
HormerEN, N. Termitenstudien. I-IV. Konig. Svensk. Vet. Akad. Handl.,,
44 46, 48, 50 (1909-13).
Hozawa, S. Revision of the Japanese Termites. Journ. Coll. Agric. Tokyo,
35, pt. 7, 161 pp. (1915).
SILVESTRI F. Termiti e termitofili dell’ America merldlonale Redia, 1, pp.
1-234 (1903).
Termiti e termitofili dell’ Eritrea. Redia, 3, pp. 341-359 (1906).
Termitidi e termitofili dell’ Africa occidentale. Boll. Lab. Zool. Agrar.
Portici, 9, 12 and 14 (1914-20).
Ss6sTEDT, Y. Monographie der Termiten Afrikas. Svensk. Vet. Akad. Handl.,
34 and 38 (1900-04).
Revision der Termiten Afrikas. K. Svenska Vet. Akad. Handl., (3), 3,
419 pp. (1926).

ORDER CORRODENTIA
(PSOCOPTERA, COPEOGNATH A)

Usually small or minute insects, rarely of moderate size, with short,
soft body and usually winged. Head large, free, vertical, with a strong
Y-shaped suture above; eyes large and prominent, except in a few
wingless forms; three ocelli generally present; antenne long and slen-
der, filiform or bristle-like, many (13-50) jointed; mandibles strong,
toothed and with a grinding surface. Prothorax almost always very
small; mesothorax and metathorax usually separated, although rarely
completely fused. Wings usually ample, sometimes much reduced or
entirely absent; when at rest generally held in a sloping position,
folded backwards over the body; fore pair larger than the hind pair,
sometimes scaly or hairy; venation reduced, with few or no crossveins;
one or several of the veins frequently strongly curved. Abdomen
usually short, with nine or ten segments; cerci absent. Legs similar,
fitted for running, the coxs close together; tarsi two- or three-jointed,
the first joint very long; two tarsal claws. Metamorphosis incomplete,
the nymph similar to the adult form; terrestrial in all stages. Psocids,
Book lice, Bark lice.




1.

BRUES AND MELANDER: CLASSIFICATION OF INSECTS 97

Tarsi three-jointed. (Fig. 135). (TRIMERA)................ 2
Tarsi two-jointed. (Fig. 126). (DIMERA)................. 10

125.
126.
127,
128.
129.
130.
131.
132.
133.
134.
135.
136.

2.

Figs. 125-136. Corrodentia

Psocus, wings (Comstock and Needham) Psocidze.
Cacilius, tarsus (Tillyard) Ceeciliidee.

Lepinotus (Tillyard) Atropidze.

Oxypsocus, wings (Tillyard) Lepidopsocidz.
Perientomum, wings (Enderlein) Perientomidze.
Embidotroctes, wings (Kolbe) Troctidee.
Ceecilius, wings (Tillyard) Ceeciliidze.
Thyrsophorus, wings (Enderlein) Thyrsophoridz.
Vulturops, wings (Corbett and Hargreaves) Psoquillidee.
Mesopsocus, wings (Tillyard) Mesopsocidz.
Myopsocus, tarsus (Tillyard) Myopsocidz.
Troctes (Marlatt) Troctidee.

Thorax composed of three distinct parts, the mesothorax separa ted
from the metathorax by a suture; usually winged, rarely with
the wings reduced or absent. .. ......... ... ool 3



98

BULLETIN: MUSEUM OF COMPARATIVE ZOOLOGY

Thorax composed of two parts, the meso- and metathorax fused
and without suture between them;wings usually entirely absent,
if present without forked veins; second joint of palpi without
clubbed sense organs. (Figs. 130, 136). (Tréctes (= Lipdscelis)
(T. divinatorius, Book louse, Cereal psocid), cosmop.; Troptsia,
widespr.; Pachytroctes, palzarc.; Embidopsdcus, _neotrop.;
Embidotréctes, ethiop.). (LIPOSCELID.E) .. . TROCTID A&

Wings present; prothorax much smaller than the mesothorax.. 4

Fore wings absent or very small and without venation; hind wings
entirely absent; prothorax larger than the mesothorax. (Atro-
vos (= Trogium) (A. pulsatoria, Death watch), widespr.; Lepi-
notus (Fig. 127), Lepidilla, Leprélepis, Hypéretes). (Includ-
ing LEPIDILLIDE, TROGIIDAE) ............ ATROPIDE

Wings fully formed, with complete venation. ................. 5

Venation of wings incomplete, the fore wings oval or rounded and
much thickened; the veins usually very broad; hind wings re-
duced or absent; without scales. (Psoquilla, holarc.; Psoci-
nélla, Vilturops, Am.) (Fig. 133) ........ PSOQUILLIDA

Second branch of cubitus and first anal vein in fore wing meeting
or closely approaching each other at apex (Fig. 134).......... 7

Second branch of cubitus and first anal vein in fore wing divergent
toward apex, or at least not approaching each other; body and
wings clothed with hairs or scales; wings more or less pointed;
antenng with more than thirteen joints (Fig. 128)........ ~..6

Hind wings with a very narrow closed cell at the base between the
media and cubitus; wing scales of symmetrical form, similarly
curved on their two sides; antenna with 20 to 25 joints. (Fig.
129). (Periéntomum, Ind.) .......... PERIENTOMID &

Hind wings without a closed cell; wing scales usually asymmetri-
cal; antennee with 26 to 47 joints. (Fig. 128). (Lepldopsbcus,
Echinopsécus, Echmépteryx, Oxypsdcus). (EMPHERI-
IDE) .o LEPIDOPSOCIDE

Antennee 13-jointed. .. .. ..ot it it .8

Antennz with 22 to 25 joints; body and wings not scaled; media
two- or three-branched; prothorax visible from above. (Phyl-
lipsdcus, Psyllonetira, Deipnopsécus, Rhyopsocus).

PHYLLIPSOCIDE

No scales on body or wings; only one anal vein in the fore wing. .9

Body and wings scaled; two anal veins in the fore wing. (Am-
phiéntomum, ethiop., ind.; Tineomérpha, ind.; Stigmaté6-
pathus, Cymatopsdcus, indomal.) ... AMPHIENT OMID &
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Apex of cubitus in fore wing bent forward into a loop toward the
media, but not touching it (Fig. 134); very small species.
(Hemineura, Elipsdcus, Philotarsus, Mesopsocus, Psil-
opsocus, Actenotarsus) ............... MESOPSOCID &

Cubital loop in fore wing either just touching the media, or fusing
with it for a short distance (Figs. 134, 135); larger species.
(Myopsocus, Propsdcus, Penticladus, Photdodes, Lichen-
omima, Tricladéllus) .................. MYOPSOCIDE

Prothorax well developed, visible from above; wings reduced in
the female; of full size in the male, but with the venation in-
complete. (Archipsdcus, Ind.) ......... ARCHIPSOCID A&

Prothorax very small, not visible from above. .. .............. 11

Apex of cubitus in fore wing not bent forward into a loop, or if
thus bent the loop does not meet the media. (Figs. 126, 131).
A cosmopolitan group. (Ceecilius, Amphipsdcus, Callistép-

‘tera, Epipsocus, Pterodéla)................ CAECILIIDE
Apical part of cubitus bent forward into a loop that touches the
media or fuses with it for a short distance. ................ 12

Second branch of radial sector (R4, 5) fused with the media or
connected with it by a crossvein (Fig. 132); third and fourth
antennal joints lengthened, thicker and more densely hairy than
the joints beyond; large species. (Thyrséphorus, Dictyo-
psocus, Ischnépteryx, neotrop.) .... THYRSOPHORIDZE .

Second branch of the radial sector free from the media; third and
fourth antennal joints similar to the apical ones; moderate-
sized or rather large species. An extensive and cosmopolitan
group. (Ceratipsdcus, Amphigerdntia, Eremopsdcus,
Hemipsocus, Lasiopsdcus, Psocus, Teeniostigma) (Fig.
125) ..... S PSOCIDE

LITERATURE ON CORRODENTIA

ExpErRLEIN, G. Die Psocidenfauna Perus. Zool. Jahrb., Abth. f. Syst., 14,

pp. 133-160 (1900). ,
Morphologie, Gruppierung und systematische Stellung der Corrodentien.
Zool. Anz., 26 (1903).
Die Copeognathen des indoaustralischen Faunengebietes. Ann. Mus.

Hist. Nat. Hungarici, 1, pp. 179-344 (1903).

- Morphologisches System und Biologie der Atropinen und Troctinen.
Jeegerskiold Zool. Exped. Egypt, No. 18, 58 pp. (1905).

Die australischen Copeognathen. Zool. Jahrb., Abth. f. Syst., 23, pp.
401-412 (1906).
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Die Copeognathenfauna Japans. Zool. Jahrb., Abth. . Syst., 23, pp.
243-256 (1906).
The Scaly-winged Copeognatha. Spolia Zeylandica, 4, pp. 39-122
(1906).
Copeognatha. In Tierwelt Mitteleuropas, 4, Lief. 2, pp. VII 1-16
(1928).
Koieg, H. Monographie der deutschen Psociden. Jahresber. zool. Sect. Westf.
Ver., 8, 1879-80, pp. 74-142 (1880).
TLyArD, R. J. Monograph of Psocoptera or Copeognatha of New Zealand.
Trans. New Zealand Inst., 54, pp. 170-196 (1923).

ORDER ZORAPTERA

Minute, terrestrial species of social habits, living in colonies; dimor-
phic, both sexes represented by winged and wingless individuals.
Body depressed. Head free, somewhat inclined. Antennee moniliform

Figs. 137-139. Zoraptera

137. Zorotypus, cercus (Karny) Zorotypide.
138. Zorotypus (Silvestri) Zorotypidse.
139. Zorotypus, winged form (Caudell) Zorotypidse.

or filiform, nine-jointed, the second and often also the third joint
smaller than the others. Mandibles well developed, toothed and fitted
for biting. Eyes and ocelli present in the winged form, absent in the
wingless one. Thorax large, but no wider than the head; prothorax
free, not concealing the head nor expanded laterally; meso- and meta-
thorax distinctly separated. Abdomen elongate-oval, never much
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longer than the thorax, with ten strongly transverse segments; cerci
short, oval, one-jointed, with a bristle-like appendage at tip. Legs
similar, formed for running; hind femora stout, armed beneath with
several spiny bristles; tarsi two-jointed, the first joint short. Meta-
morphosis gradual, the nymph similar to the adult, especially to the
wingless form. Winged form with narrow, membranous wings, the
fore pair larger; venation greatly reduced; wings commonly falling
off after maturity, leaving a stub attached to the body, but not sepa-
rating at a preformed suture; body of winged form more heavily chit-
inized than in the wingless one.
One family. (Zorétypus, nearc., neotrop., indomal., ethiop.,
Hawaii). (Figs. 137, 138, 139) ZOROTYPIDAE

LITERATURE ON ZORAPTERA

CaupELL, A. N. Zoraptera not an Apterous Order. Proc. Entom. Soc. Wash-
" ington, 22, pp. 84-97 (1920).

SmvestrI, F. Descrizione di un nuova ordine di insetti. Boll. Zool. Gen.
Agrar. Portici, 7, pp. 193-208 (1913).

ORDER MALLOPHAGA
(LIPOPTERA)

Small wingless insects averaging two mm. and very rarely over five
mm. in length. Body oval, or elongate, very strongly flattened; usually
strongly chitinized and generally with a conspicuous color pattern of
pale or yellowish markings contrasting with spots or bands of dark
brown or black. Mouth inferior, mandibles strong; antenne three- to
five-jointed; prothorax free, rarely fused with the mesothorax; legs
short, no cerci. Metamorphosis very incomplete. External parasites
of birds, more rarely of mammals, during entire life, feedlng on feathers,
fur or skin. Bird lice, Biting lice.

1. Palpi present, two- to four-jointed; antenns usually four-jointed
~and generally more or less distinctly clavate or capitate (Fig.
140), concealed in a groove on the underside of the head; man-
dibles horizontal; meso- and metathorax usually separated by

a suture. (Suborder AMBLYCERA)
Palpi absent; antennee three- or five-jointed, filiform, not con-
cealed; mandibles vertical; meso- and metathorax fused. (Sub-

order ISCHNOCERA)




102 BULLETIN: MUSEUM OF COMPARATIVE ZOOLOGY

2. Tarsi with two claws; species usually infesting birds. ........... 3
Tarsi with at most a single claw on the middle and hind legs, and
usually on the front pair also, although these rarely bear two
claws; claw rarely wanting (Fig. 144); some of the legs almost
always modified to form hair claspers. (Gyropus, Protogy-
ropus, Monogyropus, Gliricola, on guinea pigs and other
rodents, mainly neotropical).................. GYROPIDE

144

Figs. 140-144. Mallophaga

140. Gyropus, head (Ewing) Gyropidse.

141. Lipeurus (Paine) Philopteridee.

142. Philopterus (Paine) Philopteridze.

143. Gyropus, tip of front leg (Ewing) Gyropids.
144. Gliricola, tip of front leg (Ewing) Gyropide.

3. Antennz strongly clubbed, five-jointed; legs long and slender;
body clothed with stiff, slender spines; species infesting Au-
stralian kangaroos and wallabies. (Bobdpia, Heterodéxus,
Latumecéphalum) ......................... BOOPIIDE

Antennz not strongly clubbed, four-jointed:................. 4

4. Prothorax appearing like the metathorax inverted, usually fused
with the mesothorax; only five abdominal segments with spir-
acles. (Triménopon, Philandésia, Cummingsia; neotropi-
calonrodents)...................... TRIMENOPONID &

Prothorax not appearing like the metathorax inverted.......... 5
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. Head evenly expanded behind, broadly triangular and strongly
enlarged on the temples. (Ménopon, widespr. (M. galline,
Chicken louse); Colpocéphalum, Myrsidea, Trindton, wide-

spr.;onbirds) ....... ... . ..., MENOPONIDZE
Head not evenly expanded and broadly triangular, not enlarged on
the temples. .. .. ..o 6

. Sides of head with a strong lateral swelling in front of the eye;
spiracles on abdominal segments three to eight. (Lemobdth-
rion, holarc., ethiop., neotrop.; on birds).

LEMOBOTHRIIDE

Head with the sides straight. or concave; spiracles on abdominal
segments two to seven. (Ricinus (=Le §theum), widespr.;
Trochilecétes, Am.; on birds). (LEIOTHEID).

RICINIDE

. Tarsi with one claw; antennz three-jointed; species infesting mam-

mals. (Trichodéctes, Eutrichéphilus, widespr.).

TRICHODECTIDE
Tarsi with two claws; antennz five-jointed. ..................8
. Species infesting birds. .. ... ... ..o 9

Species infesting mammals; head heavily chitinized at the sides
and armed with strong hooks; last joint of antenne somewhat
swollen or clubbed. (Trichophilépterus).

TRICHOPHILOPTERIDZE

. Meso- and metathorax clearly separated by a suture; eyes deeply

constricted. (Nesiotinus, Kerguelen Is., on penguins).

, NESIOTINIDZE

Meso- and metathorax not separated by a distinct suture. (Gon-
iodes, Goniocotes, Lipeturus (Fig. 141), Philépterus (Fig.
142), Degeeriélla, Esthiépterum, widespr.; Aptericola, N.
Zeal.;on birds)............ooiiiiii.... PHILOPTERIDE
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FowMek, L. Die Mallophagen. Mitt. naturw. Ver. Univ. Wien, 5, pp. 1-50
(1907).

Gieser, C. G. A. Insecta Epizoa. 308 pp. Leipzig (1874).

Harrison, L. The Genera and Species of Mallophaga. Parasitology, 9, pp.
1-156 (1916).

Kzrrroca, V. L. Mallophaga. Gen. Insectorum, fasc. 66, 87 pp. (1908).

KELLOGG, V. L. and Ferris, G. F. Anoplura and Mallophaga of North Ameri-
ican Mammals. Leland Stanford Jr. Univ. Pub. (1915).

MibBERG, E. Studien itber Mallophagen und Anopluren. Ark. f. Zool 6,
No. 13, 297 pp. (1910). .
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40, pp. 93-96 (1919).

TASCHENBERG, 0. Die Mallophagen. Halle (1882).

ORDER ANOPLURA

(SIPHUNCULATA, PSEUDORHY NCHOTA, PARASITA,
PHTHIRAPTERA, ELLIPOPTERA)

Small, more or less flattened, wingless ectoparasites of mammals.
Head free, horizontal; eyes reduced or absent; mouth anterior, com-
prising an unjointed, fleshy beak; antenna short, simple. Thoracic
segments fused. Legs very stout; tarsi single-jointed, forming a claw
at the end of the tibia. No cerci. Metamorphosis very slight. True
lice, Sucking lice, Cooties.

1. Body with spines or hairs arranged in definite rows, rarely also
with scales; body flattened; spiracles only at each side of the
mesothorax and on abdominal segments three to eight; an-
tennz three or five-jointed; living exclusively on terrestrial

Body thickly clothed with stout, thorn-like bristles or with spines
and scales; body thick and stout; mesothorax and metathorax
each with a pair of spiracles as well as abdominal segments
two to eight; eyes absent; antennee four- or five-jointed; living
exclusively on marine mammals. (Echinophthirius, Lepido-
phthirius, Antarctophthirius) .. ECHINOPHTHIRIID &

2. Head rounded in front, not tubularly produced; tibize of at least
one pair of legs below with a large tooth or thumb-like process
opposing the claw-like tarsus

Head tubularly produced anteriorly to form a beak longer than the
remainder of the head; tibize without such a process opposing
the tarsus. (Heematomyzus, on elephants, Afr., E. Ind.).

HZEMATOMYZID &




BRUES AND MELANDER: CLASSIFICATION OF INSECTS 105

3. Eyes present, large, convex and almost always distinctly pig-
mented; proboscis short; tibia and tarsus without a distinct
sclerite between them; pleural plates usually well developed. .4

Eyes absent or very indistinct; proboscis very long; legs with a

chitinized sclerite between the tibia and tarsus; parasitic on a

great variety of mammals but not on man

-Figs. 145-148. Anoplura

145. Pediculus (Patton and Cragg) Pediculidse.
146. Phthirius (Patton and Cragg) Phthiriidz.
147. Pediculus, tip of leg (Ewing) Pediculidz.
148. Hoplopleura (Ferris) Hematopinidz.

4. Segments three to five of abdomen fused as indicated by three
pairs of spiracles on this apparent segment; sides of abdomen
with segmentally placed lateral lobes; front legs much more
slender than the others. (Phthirius (Fig. 146), on man (P.
pabis, Pubic or Crab louse))................ PHTHIRIIDE

Abdominal segments all free, as indicated by the position of their
spiracles; sides of abdominal segments without such lateral
lobes; front legs similar to the others, and scarcely more slender.
(Pediculus (Figs. 145, 147), on man. Cooties. (P. humanus,
Head louse; P. vestiménti, Body louse); Pedicinus, Phthiri-
pedicinus, on monkeys) .................. PEDICULIDAE

5. Antenne five-jointed. (Hematépinus, on ungulates (H. siis,
Hog louse); Hoplopleura (Fig. 148), on Rodentia; Lin6g-
nathus, on Artiodactyla and dogs; Pélyplax, on Rodentia
and Insectivora) .................... HZEMATOPINIDE

Antenne three-jointed. (Heematopinodides, on Geomys; Hamo-
phthirius, on monkeys) .......... HEMATOPINOIDIDE
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Nurrary, G. H. F. Classification of Anoplura. Parasitology, 11, pp. 329-
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ORDER HOMOPTERA
(RHYNCHOTA, part)

An assemblage of very diverse insects, difficult to define in a general
way; usually of moderate or small size, rarely large; in the active
forms four wings are present in both sexes; in the scale insects only the
males are winged, and they have the hind wings absent; wings usually
sloping over the sides of the body; fore wings never modified into a
heavy basal and thinner apical portion; mouthparts forming a jointed
beak, inserted at hind edge of the head and extending between the
front coxe, the basal joints very short, rarely the beak is absent in the
males. Beak formed of the stylet-shaped mandibles and maxillee which
are enclosed in the labium. Cerci wanting. Metamorphosis usually
incomplete, sometimes complete in the male or at least with a pupal
stage in the male scale insects, rarely so in the female; all the species
vegetarian.

1. Beak plainly arising from the base of the head; tarsi, at least of
middle and hind legs, three-jointed, antenns very short, with a
small terminal bristle; active, free-living species. (Suborder AU-
CHENORRHYNCHA) . ...ovviiiiiiieiaiaiaeaan, 2

Beak appearing to arise between the front coxz, rarely absent in
male coccids and some aphids; tarsi two- or one-jointed; an-
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tennee usually well developed and thread-like, sometimes
atrophied or absent, without conspicuous terminal bristle;
species often incapable of moving, or inactive in the female sex.
(Suborder STERNORRHYNCHA). (G ULAROSTRIA). . .41
Beak arising from the prothorax, sheathed at base by propleural
structures; antenna very short. (Suborder COLEORRHY N-

Figs. 149-161. Homoptera

149. Cicada, front view of head (Berlese) Cicadidz.

150. Entylia (Branch) Membracidee.

151. Ceresa (Marlatt) Membracidee.

152. Ceresa, antenna (Marlatt) Membracidze.

153. Ceresa, fore wing (Marlatt) Membracidz.

154. Cicada, hind leg (Kolbe) Cicadidze.

155. Cicada, dorsal view of head (Maxwell-Lefroy) Cicadide.
156. Leaf hopper, dorsal view of head (Maxwell-Lefroy) Jasside.
157. Entylia, antenna (Branch) Membracide.

158. Entylia, front view of head (Branch) Membracidz.

159. Entylia, hind leg (Branch) Membracidz.

160. Gypona, wings (Metcalf) Gyponidz.

161. Cicada, wings. Cicadidse.
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2. Ocelli (rarely absent) placed between the eyes on the vertex, on
the front margin of the head, or on the front; middle coxe short
and close together, hind coxz movable; tegulee absent; fore
wings with the two anal veins more or less parallel, or the second
abSent . .. ... i 3

Ocelli (rarely absent) placed beneath or near the eyes, usually
in cavities of the cheeks; middle coxe elongate, widely separate,
hind coxs immovable, fused externally with the metathorax;
tegulz present as a scale between the base of the fore wing and
the side angle of the pronotum; fore wings usually with the
two anal veins joining apically to form a Y-vein. (Superfamily
FULGOROIDEA. Classification from F. Muir, 1930)...... 24

3. Three ocelli, placed close together on the disk of the vertex; an-
tennee with short basal joint, terminated by a hair-like process
which is divided into about five joints; front femora thickened
and generally spined beneath, hind legs not fitted for jumping;
empodia absent; male almost always with a sound-producing
structure on each side at the base of the abdomen; compara-
tively large species with entirely membranous wings; nymphs
subterranean. Cicadas, “ Locusts,” Harvest-flies. (Figs. 149,
154, 155, 161). (Cicada (C. septéndecim, Periodical Cicada or
Seventeen-year locust), Tibicen, Platypédia). CICADIDZE

Two ocelli, rarely absent; empodia large; jumping species. .. .. .4
4. Pronotum not prolonged over the base of the abdomen ........5
Pronotum prolonged backward into a hood or process of variable
form, usually much elevated and more or less concealing the
scutellum and extending over the abdomen, often the prothorax
is grotesquely enlarged and ornamented; head vertical, cheeks
not dilated, ocelli located between the eyes, antenne inserted
between and in front of the eyes. Tree hoppers. (Membracis,
neotrop.; Cerésa, Am. (C. bubalis, Buffalo tree hopper, Figs.
151, 152, 153); Centrotus, palzarc., ethiop., indomal.; En-
chendpa, Am.; Ent§lia (Figs. 157, 158, 159), Am.; Gorgora,
ethiop., indomal.; Tricéntrus, indomal., Telamoéna, Am.).
MEMBRACIDZE

5. Hind coxee short, conical, not laterally dilated; tibiee cylindrical,
smooth, the hind pair usually armed with one or two stout solid
spines and with a cluster of spinules at apex; ocelli placed on
the vertex, rarely absent; flagellum composed of a large pear-
shaped base and a very slender seta; nymphs usually producing
a mass of froth in which they live on the stems of various plants.
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Spittle insects, Frog hoppers. (Superfamily CERCOPOIDEA.
Classification from C. F. Baker). . . .. .6
Hind cox# transverse, reaching the 51de margms of the sternum
hind tibise ridged, with a double series of articulated spines or
seriately bristly (hairy in Athalionide); cheeks dilated. Leaf
hoppers, Sharp shooters. (Superfamily JASSOIDEA) . ..... 9

6. Scutellum comparatively small and short (longer than pronotum
only in Clastopteridee); hind wings with outer fork of radius
always present (sometimes broken at apex), thus forming a
supernumerary (first) apical cell, the cubitus apically forked or
simple; fore wings with claval veins when present usually dis-
tant and without connecting crossvein . . 7
Scutellum as long as or longer than pronotum, elther s1n1ply long
acuminate, or greatly elevated posteriorly and with a strongly

¢ curved, free, apical spine projecting backward; hind wings with
outer fork of radius always absent, therefore no supernumerary
(first) apical cell; fore wings with both claval veins when pres-
ent fused at middle or before, or with a connecting crossvein.
Tube-forming spittle insects. Austr., indomal., ethiop. (Figs.
163, 167) e MACHZEROTID &

a. Scutellum not raised apically or wih free apical spinous append-
age; anterior margin of pronotum strongly extended between
eyes; head usually obtuse-angulate; cubitus of hind wing
apically forked. (Conmacherdta; Hindola, Enderleinia,
malay.; Neuromachaerota, ethiop.). (ENDERLEINIIN./E)

HINDOLINZE

Scutellum usually greatly raised apically, always with a free
apical spinous appendage extended backward; anterior margin
of pronotum but very slightly extended between eyes; head
strongly swollen and extended in front of eyes; cubitus of hind
wing not forked. .. ... ... .. ... b

b. Form slender, body of scutellum high, arched posteriorly, with
strong dorsal furrow; pronotum without laminately extended
lateral angles, the anterior margin somewhat angulate between
eyes. (Macherdta)................... MACHEROTINZE

Form very thick and stout; body of scutellum nearly flat and with
dorsal furrow subobsolete; pronotum with lateral angles pro-
duced into high, thin, spreading laming; anterior margin of
pronotum broadly, gently arcuate between eyes.

MAXUDEINAE

7. Pronotal margin between eyes usually straight or slightly arcuate,
pronotum commonly strongly enlarged and much broader than
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the head and with the anterolateral margins usually as long as
or longer than the posterolateral; front commonly more or less
swollen apically; head with thickened and lobate ridges above
the antennz. (Tomaspis)............... TOMASPIDIDE

Pronotal margin between the eyes usually strongly arcuate or

subangulate, the pronotum never greatly enlarged and rarely
164
&
@ —
163

Spittle insect (Stearns) Cercopidz.

Machsarota, profile of head, pronotum and scutellum (Baker) Machg-
rotidee.

Clastoptera, wings (Metcalf) Clastopteride.

Oncometopia, fore wing (Ball) Cicadellidee.

Aphrophora, wings (Metcalf) Cercopide.

Mache®rota, wings (Baker) Macharotidz.

Figs. 162-167. Homoptera

much wider than head, the anterolateral margins usually much
shorter than the posterolateral; front usually swollen basally,
if at all; supra-antennal ridges not lobate nor greatly thick-
e T D P 8

Fore wings with clavus obliquely truncate at apex; corial appendix,

the apical portion of the wing, divided into two very broad sub-
equal portions, these at rest infolded at end of the stout and
broad body to overlap; fork of radius in hind wings forming a
very short first apieal cell considerably before apex; cubitus of
hind wings not forked apically; corium with three apical cells
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and two or less subapicals; scutellum longer than pronotum.
(Clastoptera (Fig. 164)) ............. CLASTOPTERIDZAE
Fore wings with the clavus narrowly acute or subacute apically;
corial appendix either a narrow continuous membranous mar-
gin, or wanting, never bent inward beyond the clavus to overlap
at end of body; corial venation various but never as in the
Clastopteridee. = (Cercopa, Ptyelus, Aphréphora, cosmop.;
Monécphora, widespr.; Phymatostétha, indomal.; Cosmos-
carta, palarc., indomal. (Figs. 162, 166)). ... CERCOPID&E
Pronotum enlarged, swollen and with a median ridge, almost
- concealing the head and roundly produced over the base of the
acute scutellum. (Athidlion, neotrop.; Darthula, India).
ZETHIALIONIDE
Pronotum not thus modified to cover the head, although some-
times with lateral protuberances. (JASSIDZA, in the broad
sense. Classification from C. F. Baker, Philippine Jour. Sei.,
1928, ) t ot 10
Upper part of front strongly raised and produced, its posterior
portion forming a large part of the superior surface of the head
(crown); the true vertex confined to basal portion of crown,
the ocelli thus on posterior disk of crown, usually remote from

eyes and not visible in facial view. .............. ... ... ... 11
Upper part of front confined entirely to face, except sometimes for
a narrow border; ocelli visible in facial view............... 15

Lateral sutures of front distinctly continued over the obtuse an-
terior margin of the crown to near the position of the ocelli, as
in the Cercopide; antenna between and near the eyes; body
usually elongate, cylindrical, head often angulate, face large,
strongly convex, the cheeks rather long and narrow. (Cica-
délla, Dreculacéphala, Graphocéphala, Kélba, Oncome-
tdpia (= Proconia) (Fig. 165), Tylozygus). (PROCONIID.Z,
TETTIGONIELLID &, TETTIGONIID.E).. . CICADELLID &

Lateral sutures of front obsolete beyond antenne or beyond an-
terior borderof crown. .......... .. ... i, 12

Antenng not far removed from eyes and near but never above
level of eyes; lateral margins of front obsolete beyond scrobes. 13

Antenne situated entirely above and far removed from eyes; head
anteriorly transversely thin and leaf-like, often concave be-
neath ... ... 14

Head acutely angled between crown and face, the face of narrow
proportions; lateral sutures of front entering and terminating
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in antennal scrobes, the face shallowly concave or weakly con-
vex, the cheeks moderately swollen; body long, ovate, usu-
ally flattened. (G§pona (Fig. 160), Xerophlea).
GYPONIDE
Head obtusely rounded between the strongly declivous crown and
face, strongly overhanging the latter, which is deeply concave;
lateral sutures of front passing mesad of antenne; face very
short, far broader than long. ............. PENTHIMIID &
14. Outlined lower part of front short and broad.
THAUMASTOSCOPIDZE
Outlined lower portion of front long and narrow; large, brownish
species. Principally indo-australian. (Lédra, Ledrépsis).
LEDRIDZ
15. Vertex entirely superior, occupying nearly all or all of crown,
the junction with the front occurring on anterior border of
crown, the ocelli on or near anterior border of head, rarely, in
some Typhlocybidee and Ulopide, the ocelli indistinguish-
able . ..o e 16
Head very short, sometimes very broad, the vertex more or less
roundly curved on to face and broadly visible in facial view;
ocelli facial and between or above the eyes; basal suture of
front, when present, far anterior to base of face; that portion
of vertex visible from above usually very short and broad.
(Bythoscopus, Aceratogillia, Agallia, Eurymela, Idiécerus,
Ipo, Macropsis, Oncopsis)............ BYTHOSCOPIDAE
16. Basal suture of front distinct and entire, centrally at least, ap-
proaching more or less closely the anterior margin of vertex;
when subobsolete above, its position always marked by a fold
or carina; in the latter case, the remaining portion of frontal
suture is always directed toward the base of front and not
toward ocellus; anterior border of vertex usually marked by a
sharp margin or carina.. .......c..oiiiiiiiiiiieien.. 17
Basal suture of front usually obsolete, the basal lateral sutures
running to and terminating at or near ocelli; vertex usually
clearly connate with the front, only in highly specialized groups
with a sharp edge or with transverse carine on anterior border;
ocelli on anterior border of head or above it. (Fig. 156).

JASSIDAE
a. Fore wings with well developed veins; head variously formed but
not excessively long and narrow. .. ....................... b

Fore wings leathery, with obliterated venation; head very long
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and gradually tapering in front, body slender; tibize weakly
spinose; Australian. (Cephalélus (Fig. 175), Paradorjdium).

CEPHALELINE

=

'(‘\'7’;;
SN0
y

Figs. 168-175. Homoptera

168. Typhlocyba, wings. Jasside.

169. Sogata (Misra) Fulgoroidze.

170. Liburnia, wings (Metcalf) Delphacidee.

171. Liburniella, hind leg (Garman) Delphacidae.
172. Cixius (Metcalf) Cixiidee.

173. Deltocephalus (DelLong) Jasside.

174. Tettigoniella (Ball) Cicadellids.

175. Cephalelus (Tillyard) Jasside.

b. Fore wings with veins branching on the disk so that they form a

series of preapical cells; ocelli present. ..................... c

Fore wings with veins, often weak at base, not branching on the

disk, branching only near apex to form the apical cells; ocelli
vestigial or wanting. (Typhlécyba (Fig. 168) (T. australis,
Australian apple leaf-hopper), Dicranetira, Empda (E. rose,
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Rose leaf-hopper), Empoa.sca. (E. mali, Apple leaf-hopper),
Erythronetra (E. comes, Grape leaf-hopper). (& UPTERYG—
IDE) ... .. TYPHLOCYBINZE
c. Ocelli on vertex near margin, or between vertex and front, and
remote from eyes. (Acucéphalus, Nidnia, Strongylocépha-
lus, Xestocéphalus) ................. ACUCEPHALINZA
Ocelli on margin between vertex and front, usually very close to
eyes. (Jassus (=Celidia), Chlorotéttix, Cicadula, Delto-
céphalus (Fig. 173), Euscelis, Eutéttix, Phlépsius, Platy-
metdpius, Scaphodideus, Thamnotéttix). (CQ«]LIDIDE)
JASSINZE

17. Anterior border of vertex sharply laminately expanded, distinctly
overhanging upper part of front; antenne situated far mesad
of eyes; ocelli, when distinguishable, lying between extended
margin of vertex and basal margin of front in a transversely
triangular. (rarely linear) ocellar area and very remote from
eyes ........ .18

Anterior border of Vv ertex sharph marked (head may be ldmlnately
extended between eyes) but never with this margin extended
beyond and overhanging upper part of front; usually with
clearly marked subtriangular ocellar areas at sides between
vertex and front; these areas are commonly occupied by the
ocelli, though the latter may occur near by on upper surface of
crown, then usually on or outside the carinate or raised lateral
margin of vertex; antenngz situated close to interior line of

eyes. .. e .21
18. Pronotum extended between and in front of eyes; vertex very
short, transverse and deeply concave. e .19

Pronotum not abnormally extended between eyes; vertex not very
short and widely transverse, the width of the vertex not more
than twice the length; ocelli a little nearer to eyes than to
median line, or indistinguishable.. .. .................. ... 20

19. Tegmina normally veined; gens narrower than front; front
strongly excavate, with high raised margins; clypeus little ex-
serted; ocellar area very broad; hind tibie with very few small
spines and hairs on apical half; sculpture characterized by a
deep thimble pitting. (Pardpia (= Megophthalmus) (Figs. 187,
188), Mesopardpia, malay.). (MEGOPHTHALMID.Z).

PAROPIIDAE

Tegmina with numerous supernumerary veins; gense wider than

front; front convex; clypeus long exserted; ocellar area narrow,
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bounded beneath by a shallow fold; hind tibize with stout
spinose teeth, few in number but distributed along entire length;
sculpture characterized by coarse striations and wrinkles.
(Stenocodtis).................il STENOCOTIDE

176 177

190 191
Figs. 176-192. Homoptera

Koebelea, face (Baker) Koebeleids.

Ulopa, face in frontal view (Baker) Ulopide.

Ulopa, face in lateral view (Baker) Ulopide.

Signoretia, head and pronotum, dorsal view (Baker) Signoretiidee.
Signoretia, face (Baker) Signoretiide.

Nirvana, head and pronotum, dorsal view (Baker) Nirvanide.
Nirvana, face (Baker) Nirvanide.

Pythamus, head and pronotum, dorsal view (Baker) Pythamidze.
Pythamus, face (Baker) Pythamide.

Stenotortor, head and pronotum, dorsal view (Baker) Nirvanidee.
Stenotortor, face (Baker) Nirvanide.

Paropia, face, lateral view (Baker) Paropiide.

Paropia, face, frontal view (Baker) Paropiidz.

Euacanthus, head and pronotum, dorsal view (Baker) Euacanthidee.
Euacanthus, face (Baker); Euacanthide. :
Stenometopius, head and pronotum, dorsal view (Baker) Nirvanidze.
Stenometopius, face (Baker) Nirvanide.
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20. Gene longer than broad, flat or concave, outwardly emarginate,
normally bordering the lora to the clypeus; scrobes very shal-
low and lacking strong supra-antennal ledges (as in Stenocot-
idee); pronotum with very short lateral margins, converging
anteriorly, ocelli distinct. (Koebélea, nearc.). (Fig. 176).

KOEBELEID&

Genz broader than long, strongly convex, not passing lore (at
level of face), their apical margins roundly curved inward to
meet the front above the lora, leaving outer margin of latter
fully exposed in facial view; scrobes very deep, under strongly
overhanging and curved supra-antennal ledges; head wider
than prothorax; pronotum with very long lateral margins,
usually converging posteriorly; ocelli sometimes indistinguish-
able; all tibize ridged and feebly spined. (Ulépa (Figs. 177, 178),
Mesargus, Moonia)..........c.oonninrnnnnn. ULOPIDE

21. Upper margin of front a little extended beyond margin of vertex
and plainly visible in dorsal view at least at sides, the lateral
and anterior submarginal carine of vertex usually distinct,
often very 9 (o) 4 1= A 22

Upper margin of face not at all extended beyond margin of vertex
and not visible in dorsal view, or only a little so just in front of
eyes; ocelli on anterolateral border of head or just above or
below it; lore very small and narrow; tegmina usually without
anteapical cells and venation usually indistinct; antennse situated
above the eyes in facial view, rarely on upper line of or between
eyes, in which case the head is long-produced.. . NIRVANID &

a. Antenne situated at upper angle of eyes (in facial view) or above
this; lateral carina of vertex more or less distinct; ocelli always
visible from above, on upper portion of lateral border, or on
anterolateral portion of crown; eyes prominent; posterior bor-
der of pronotum more or less dlstlnctly incurved..

Antenne situated at middle of eye margin (in facial v1ew) lateral
carine of vertex wanting; ocelli below anterior border of crown
and not visible from above; head (from above) long spatulate,
but not thin dorsoventrally; eyes not prominent, deeply set in
vertex; pronotum subtruncate posteriorly; tegmina with two
subaplcal cells. (Stenometopius (Figs. 191, 192)).

v STENOMETOPIINZE

b. Antennze situated in deep transverse, sharp-margined scrobes;
face about as broad as long or broader; eyes small; vertex short,
half-ovate. (Macroceratogonia, Balbillus, Stenotértor
(Figs. 185,186)) . ...vvuen.... MACROCERATOGONIINE
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Antenne in shallow scrobes of ordinary type; face usually much
longer than broad; vertex long; eyes large; tegmina without
subapical cells, the veins of corium usually indistinguishable
except by transmitted light. (Nirvana (Figs. 181, 182), Kana,
Ophitchus, Pseudonirvana) .............. NIRVANINZAE

22. Pronotum very long, strongly produced and outcurved behind,
largely covering the scutellum; head with eyes broader than
pronotum; vertex with a very strong, thickened, basal trans-
verse ridge; supra-antennal ledge callously thickened and lobed
over frontal margin; clypeus truncate or notched apically and
little or not exserted; sides of front not sinuate at scrobes; ocelli
in marginal areas and visible from above and below; lore very
small and short. (Signorétia, indoaustr. (Figs. 179, 180);
Préta) ... SIGNORETIIDE

Pronotum not produced behind over the very large scutellum, the
hind border truncate or concave; head more or less distinctly
narrower than pronotum; vertex without strongly thickened
basal ridge; supra-antennal ledge neither strongly callous nor
lobed over frontal margin; antennse between the eyes near
middle of their inner margins. ..............coiiiiia... 23

23. Pronotum short, broad, broadly rounded anteriorly, the head but
slightly narrower; vertex very broad, nearly twice as broad as
long; width of head greater than length of head and pronotum
together; ocelli situated a little within anterior margin of crown,
but outside the anterolateral carina of vertex, and invisible in
facial view. (Euacanthus (Figs. 189, 190); Bundera, India).

EUACANTHIDE

Pronotum more or less narrowly rounded anteriorly, the head
very distinctly narrower, vertex always much less than twice
as broad as long; width of head always much less than length
of head and pronotum together; ocelli in or very near lateral
areas, and usually visible both in dorsal and facial views.
(Pgthamus (Figs. 183, 184), Oniélla, Onukia).

PYTHAMID &

24. TFlagellum of antennz segmented; hind tibize without mobile spur;
lateral ocelli on the front, the front reaching from eye to eye
without lateral ridges dividing off a small area around the eyes;
sides of face (lor) plainly visible in front view and forming a
continuous curve with the clypeus. (Tettigométra, Egropa,
Hilda, Euphyonértex)............. TETTIGOMETRIDE

Flagellum of antennz not segmented; lateral ocelli outside the




118 BULLETIN: MUSEUM OF COMPARATIVE ZOOLOGY

lateral ridges of the front, generally beneath the eyes; sides of
face (lorz) not visible in front view, or forming an angle with
the clypeus

Figs. 193-203. Homoptera

193. Acanalonia, head (Metcalf) Acanaloniidzse.
194. Aphelonema, head (Metcalf) Issidze.

195. Otiocerus, wings (Metcalf) Derbidee.

196. Liburniella, antenna (Garman) Delphacidz.
197. Scolops, fore wing (Metcalf) Dictyopharidze.
198. Scolops (Garman) Dictyopharidz.

199. Acanalonia (Swezey) Acanaloniidee.

200. Poiocera, wings (Metcalf).

201. Pyrilla (Misra) Lophopidse.

202. Tropiduchid.

203. Ormenis (Swezey) Flatidz.

25. Second joint of hind tarsi not very small, the apex truncate or
emarginate and with a row of small spines; fore wing without

costal area, or with only a small one without crossveins. .. .. 26
Second joint of hind tarsus small or very small, the apex generally




26.

27.

28.

29.

30.

31.

32.

33.

BRUES AND MELANDER: CLASSIFICATION OF INSECTS 119

rounded or pointed and without spines or with only one at each

side; costal area present or absent. . R .. .34
Claval veins not granulate; or if so, the last ]omt of the la,blum
short, not longer thanwide. .. .. ......................... 27

One or both claval veins granulate; apical joint of labium much
longer than wide. Abdomen compressed, the sixth to eighth
tergites with wax secreting pores; median ocellus usually
present. (Meénoplus, Anigrus, Stiva, Kermasia,).

MEENOPLID &

Sixth, seventh and eighth abdominal tergites without wax pores.28

Sixth, seventh and eighth tergites with wax-secreting pores; ovi-
positor reduced, incomplete. (Kinnara, Eparmeéne, Prosét-
ropis, @clidius, Atopocixius) ............. KINNARIDE

Anal area of hind wings reticulate, with many crossveins; clypeus
with lateral carinze; head often greatly prolonged. (Falgora,
indomal.; Lanternaria, neotrop.; Amycle, Cyrpoptus, Py-

TODS) . v vttt et e e e e e FULGORIDE
Anal area of hind wing not retlculate ....................... 29
Last joint of labium distinctly longer than wide. .............30

Last joint of labium about as long as wide. (Dérbe, Anétia, La-
ménia, Otiécerus (Fig. 195), Rhotdna, Venata, Zoraida).

DERBIDE

Claval vein entering the apex of the clavus. .................31
Claval vein not reaching the apex of the clavus, entering com-
missure before apex. .. .. .. e ..32

Base of abdomen on each 51de w1th one or two short processes
bearing three pits or depressions; body compressed, wing mem-~
branes not overlapping. (Achilixia, malay.; Bebaidtes, neo-
2 0e) 03 IS ACHILIXIIDE

Base of abdomen without lateral processes; body usually flattened,
the wing membranes overlapping. (Achilus, Agandécca, Ca-
tonia, Elidéptera, Favéntia) . ................ ACHILID&E

Hind tibize with a strong, movable spur at the apex; fore wings
without costal area; ovipositor well developed; often brachyp-
terous. (Délphax, Libarnia (Fig. 170), Perkinsiélla (P.
saccharicida, Sugarcane hopper), Pissondtus, Stenécranus).

DELPHACIDAE

Hind tibiee without apical movable spur............ .33

Head prolonged in front, sometimes greatly $0, or 1f not the front
bears two or three caring, or the tegule are absent and the
claval suture obscure; no median ocellus. (Dictyéphara, Clady-
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pha, Dichéptera, Orgamara, Orgérius, Scolops (Figs. 197,
198)) . ot DICTYOPHARIDAE
Head not prolonged in front, or only moderately so, the front
with only a median carina, in addition to the lateral margins;
tegulze present; median ocellus often present. (Cixius (Fig.
172), Bothri6cera, Koroana, Myndus, Olidrus). cixiip &
Second joint of hind tarsi with a spine on each side; claval vein
nearly always extending to and ending in the apex of the
ClAVUS « et e et e e e e 35
Second joint of hind tarsus small, without spines........... 39
Mesonotum with the hind angles marked off by a groove or fine
line; fore wings with the costal area absent, or very small and
without crossveins, or with crossveins; basal joint of hind tarsi
usually long, rarely padded below. (Troplduchus, _Alcéstis,
Mondpsis, Tambinia, Neurdometa) . . TROPIDUCHIDZE
Mesonotum with the hind angles not marked off by a groove or
line; first joint of hind tarsus usually short or very short. .. .36
Fore wings with a crossveined costal area; without granules on
the clavus; clypeus nearly always with lateral carinz. (Nogo-
dma.) e ... . NOGODINIDE
Fore Wlngs Wlthout a crossvelned costal area, or if with such the
clavus is granulate or the clypeus is without lateral carinee. .37
Clavus not granulate; base of costa not strongly curved. .. ... 38
Fore wings with a crossveined costal area and with the clavus
granulate, or the base of the costa strongly curved. (Flata,
Cerynia, Flatdides, Nephésa, Ormenis (Fig. 203), Phintia,
2% 0 ) P FLATIDAE
Fore wings large, held steeply against the sides of the body; head
about as wide as thorax; pronotum with hind edge slightly
roundly emarginate, sometimes straight; mesonotum large,
long; hind tibize without spines; ovipositor incomplete. (Acan-
alonia (= Amphiscépa) (Figs. 193, 199), Chloréchara). (AM-
PHISCEPIDE) ........ccveeen... ACANALONIIDE
Fore wings generally smaller, in Caliscelinse very short, or very -
narrow, parchment-like; head usually as wide as thorax or
wider; pronotum with hind margin straight, sometimes slightly
concave or convex; mesonotum short, not more than twice the
length of the pronotum, with a transverse ridge parallel to the
pronotal suture dividing it into two parts of differing sculptur-
ing, the anterior covered by the pronotum; hind tibize spined;
claval suture present (Issinee) or absent and fore wings thick,
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convex, and venation obscured (Hemispheriinz). (Brucho-
moérpha, Aphelénema (Fig. 194), Caliscelis, Hemisphe-
rius, Issus) ... ... ISSID®E
39. Fore wings wide on apical margin, steeply held against the sides
of the body, with a crossveined costal area; clavus long; head as
wide or nearly as wide as the thorax; hind trochanter directed
downward; first joint of hind tarsi at least moderately short.
(Ricania, Armaicia, Euricinia, Privésa) ... .. RICANIID &
Fore wings not sowideon the apical margin and not held so steeply,
or the head is distinctly narrower than the thorax; clavus
shorter; hind trochanter directed backward; first joint of hind
tarsi at least moderately long. .. ....... ... 0L 40
40. Front wider than long, the sides angulate; clypeus without lateral
carine and front without longitudinal carinz or with only a
very obscure one. (Burfbrachys, Messéna, Platybrachys,
Théssitus) ............. P EURYBRACHIDE
Front rarely as wide as long and often without angular margins,
nearly always with one or three longitudinal carinz. (Léphops,
indomal.; Pyrilla (Fig. 201), malay.; Elasméscelis, ethiop.,
indomal.; Kasserdta, indoaustr.) ... ......... LOPHOPIDE
41. Tarsi two-jointed, the basal joint sometimes reduced, the outer
joint with two claws; wings, when present, four in number, with
few veins, at rest usually held in a sloping position over the ab-
domen; sutures between body segments distinct; mouthparts
usually well developed in both sexes, labium usually long. . .42
Tarsi one-jointed (in some Monoplebide and in the male cochineal
insect there is an additional minute basal joint) and with a
single claw; females stout-bodied, always wingless, often with-
out legs so that they rarely move after maturity, remaining
sessile on the host plant, rarely without mouthparts; males
delicate, usually with mesothoracic wings alone developed,
which are gauzy and almost veinless and lie flat, overlapping
on the abdomen when at rest; antennz of female absent or with
as many as eleven joints, of male with ten to twenty-five joints;
body of female and nymphal males scale-like, gall-like, or cov-
ered with waxy powder, tufts or scales, the sutures between the
segments often indistinet. (Superfamily COCCOIDEA) . .. 47
42, Non-jumping insects, legs long and slender; both pairs of wings
membranous or opaque whitish; antenns three- tosix-jointed. 43
Jumping insects, the femora thickened; antenne long, five to ten-
jointed, usually ten-jointed, the last joint with two fine apical
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bristles; fore wings somewhat thicker, often more or less leath-
ery; pad between the tarsal claws (empodium) present, bilobed.
Jumping plant-lice. (PSYLLIDAE) .......... CHERMID A

R
S,
N\

212 \

Figs. 204-216. Homoptera
204. Freysiula, head (Crawford) Chermide.
205. Trioza, head (Crawford) Chermide.
206. Carsidara, fore wing (Crawford) Chermidz.
207. Paurocephala, head (Crawford) Chermidse.
208. Trioza (Peterson) Chermidz.
209. Udamoscelis, fore wing (Quaintance and Baker) Aleyrodide.
210. Aleurodicus, wing (Quaintance and Baker) Aleyrodidze.
211. Aleurocanthus, wing (Quaintance and Baker) Aleyrodidze.
212. Trioza, wings (Patch) Chermide.
213. Pachypsylla, wings (Patch) Chermidee.
214. Ceriacremum, fore wing (Crawford) Chermide.
215. Aleyrodes, fore wing (Quaintance and Baker) Aleyrodidze.
216. Pachypsylla, head (Crawford) Chermidee.

a. Head deeply cleft, with the antenne attached to the truncate an-
terior ends on each side of the cleft (Fig. 204); cheeks seldom
produced into conical processes; media not dichotomously
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forked (Fig. 206); hind tibize often without a spur at base.
Indomalayan and neotropical. (Carsidara, Epicarsa, Nesiope,
Rhinops§lla) . . CARSIDARINZE
Head of a dlﬂ’erent form it apparently cleft this is due to the
genal cones, which do not bear the antennze. . .b

. Front not covered by the genz (Fig. 207), which are not produced

into conical processes (except Calophya); anterior ocellus at
the upper extremity of the front..

Front covered by the gene (Fig. 216) which are usually produced
below into conical processes; front ocellus at the Junctlon of the
front and genee . R |

. Vertex flat, horlzontal the f1 ont beneath 1t in the form of a narrow,

usually elongate plece that extends from the clypeus to the an-
terior ocellus; wings often more or less thickened and spotted.
(Aphalara, Apha.larmda, Livia, Rhinécola) . LIVIINE
Vertex not horizontal, its surface curved downwards anteriorly;
front forming a small sclerite level with the vertex and gense;
wings usually membranous. (Caléphya, Am.; Leptyndptera,
indomal.; Heteropsy§lla, Paurocéphala, Pa.uropsylla., wide-
) 02 PAUROPSYLLINZE

. Fore wing with more than two marginal cells, the radial sector

branched or connected to the media by a crossvein near the tip
of the wing (Fig. 214). (Ceriacrémum, neotrop.).
CERIACREMINE
Fore wing with only two marginal cells, formed by the furcation
of the media and cubitus (Fig. 212), the radial sector not
branched and not connected with the media by a crossvein. . .e
First joint of hind tarsi with two black, claw-like spines at tip;
radius, media and cubitus not arising at the same point from
the basal vein, the media and cubitus stalked; wings rarely
angulate at apex. (Arytaina, Euphalarus, widespr.; Epi-
psylla, Euphyllira, Pachyps§lla (Figs. 213,216); Chérmes
(= Psylla) cosmop. (C. pyricola, Pear psylla). (PS YLLI NZE).
CHERMINZAE
First joint of hind tarsi simple, without such spines at tip; radius,
media and cubitus usually arising at a common point, the media
and cubitus not stalked; wings usually angulate at apex.
(Ceropsylla, neotrop.; Megatridza, widespr.; Paratrioza,
neotrop.; Tridza, cosmop.). (Figs. 205, 208, 212). _
TRIOZINAE

Wings transparent, though sometimes colored, the hind wings
smaller than the fore pair; tarsi with the basal joint sometimes
much reduced, empodium greatly reduced or absent; body not
mealy but sometimes with waxy wool; life cycle very compli-
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cated, including agamic and sexual generations, of dissimilar
appearance. Plant lice, Aphids. (Superfamily APHIDOI-
DE A 44
Wings usually opaque, whitish, clouded, or mottled with spots or
bands, the two pairs of wings subequal in size; the two tarsal
joints subequal, usually a pad-like or spine-like process (em-
podium) between the tarsal claws; body of adult more or less
mealy with fine, white powdery wax, body of the scale-like leg-
less nymphs not covered with powder, but often with marginal
plates of wax. White flies ................ ALEYRODIDZE

. Empodium absent; fore wings with veins Ry, Rs, M, Cu and A

present. (Udamosells S. Am. (Fig. 209)). UDAMOSELINZE
Empodium present; fore wings with either M or Cu and A veins
aDSENT . .. e b

. Empodium spine-like; fore wings with vein Cu undeveloped.

(Aleurédicus (Fig. 210), Dialeurddicus, Leonirdius, Par-
aleyrddes). .. ......................... ALEURODICINZAE
Empodium blade-like; fore wings with vein M undeveloped.
(Aleyrdodes (Figs. 215, 219, 220), Aleurochiton, Aleurocin-
thus (Fig. 211), Neomaskiélla) ........... ALEYRODINZA&

Fore wings with outer part of stigma bounded behind by vein Ry,
the radial sector separate (Fig. 222); sexual females oviparous,
summer parthenogenetic females viviparous; new-born with
anterior pronotal pleural bristles absent.................. 45

Fore wings with outer part of stigma bounded behind by the
fused vein R; 4+ Rs (Figs. 217, 218), both the sexual and agamic
females oviparous; first tarsal joint with two bristles; cornicles
wanting; newly born with three-jointed antennz and with an-
terior pronotal pleural bristle present. .................... 46

Parthenogenetic and oviparous females and usually males also
with functional rostrum, able to suck sap and to defecate; ovi-
parous females producing two or more eggs, rarely one; cornicles
rarelyabsent. ......... ... . i i i APHIDIDE

New-born individuals with four bristles on basal tarsal joint; head
free, not fused with prothorax, adults with vertex margined;
labium five-jointed; cornicles broadly conical to pore-like,
rarely absent. (Lachnus (Pine aph1ds) Cinara, Eulichnus,
Trima).. ... . LACHNINE

New-born individuals with two brlstles on basal Jomt of tarsus;
labium four-jointed; cornicles pore-like to elongate cylindrical,
rarely absent; head of adult with vertex not margined. .. .. ... b
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b. Head free; newly born with faceted eyes; hind tibise of 0v1parous

female 'thickened. (Aphis (Fig. 221), (A. gossypir, Cotton
aphis, A. maidis, Corn aphis, A. pomi, Green apple aphis),
Rhopalosiphum, Toxbéptera (T. graminum, Green bug of
wheat); Chaitéphorus; Saltusaphis; Callipterus; Ptero-
comma; Anuraphis (4. bakeri, Clover aphis, A. maidi-rddicis,
Corn root aphis, A. pérsice-niger, Black peach aphis);
Cryptosiphum; Brachjcolus (= Brevicorjne) Hyalépterus;

217.
218.
219.
220.
221.
222.
223.

Figs. 217-223. Homoptera

Phylloxera, wings (Patch) Phylloxeridz.
Adelges, wings (Patch) Adelgide.
Aleyrodes, tarsus (Quaintance) Aleyrodidz.
Aleyrodes (Bemis) Aleyrodide.

Aphis (Chittenden) Aphidide.
Macrosiphum, wings (Patch) Aphididee.
Mindarus, wings (Patch) Aphidide.

Liosomiphis; Amphoréphora (= Illinoia); Macrosiphum
(= Szphonophora) (Fig.222) (M. solanifolit, Potato aphis) ; Myzus
(M. pérsice, Green peach aphis); Phérodon (P. hamuli, Hop
aphis)) . . APHIDINAE
Head fused with prothorax, the eyes located mldway on the head,
eyes of new-born with three facets, hind tibie of oviparous
females not thickened ... .. .c

. Underside of antennee with oval or rounded secondary sensorla,

radial sector of fore wings arising at the base of the elongate
stigma, cell Ry therefore long; sexual forms small, the female
laying a number of eggs. (Mmda.rus (Fw 223), Anomalaphis,
Thelaxes). (MINDARINZA) . ....... THELAXINAE
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Antenna with narrow transverse sensoria; radial sector of fore
wings arising from the stigma; wing veins much reduced so that
the media is usually simple; cornicles usually absent or much
reduced; sexual forms usually apterous and of small size; species
usually producing galls; wax glands usually present. (Horm-
aphis, Cerataphis, Hamamelistes). HORMAPHIDINZE

Parthenogenetic females with functional rostrum, sexual forms
greatly reduced and with no mouthparts; oviparous females
producing only one egg; cornicles much reduced or absent; wax
glands abundantly developed; wing venation usually reduced;
antennal sensoria prominent ............ERIOSOMATIDE

Anal tergite of new-born with four bristles, new-born agamic
individuals with four bristles on other tergites also; sexual in-
dividuals produced in the spring. (Férda, Aploneura, Mel-
aphis, Pemphigélla). . ......... e FORDINAE

Anal tergite of new-born with four bristles, the other tergites with
bristles forming six rows; sexual individuals produced after mid-
summer. (Eriosoma (E. lanigerum, Woolly aphis of apple),
Asiphum, Pemphigus, Prociphilus, Schizoneiira (S. Glmi,
Elmaphis)) .. ... o i ERIOSOMATINZA

Wings when at rest held roof-like, vein Cu of fore wing distant
from first anal vein; antenne of wingless agamic females three-
jointed, of sexual forms four-jointed, of winged forms five-
jointed; sexual as well as parthenogenetic: females with beak;
wingless agamic females secrete a waxy flocculence. Infesting
only conifers; formerly known as Chermes. . .. ... ADELGIDZE

. Abdomen with five pairs of spiracles, the first not evident; new-

born fundatrix with ring-like dorsal wax glands. (Pinéus,
Pineddes, Dreyfusia.) ........................ PINEIN &
Abdomen with six pairs of spiracles, the first not evident; agamic
young of two kinds, either (a) delicate summer forms, the first
generation usually winged, with short rostrum, moulting four
times, and not overwintering, or (b) chitinized, wingless, winter
form, with long rostrum, moulting three times, which rest over
summer and are active in fall. (Adélges (Fig. 218) (=Cnapha-
lodes), Gilletteélla, Sacchiphintes) .......... ADELGINZAE

Wings when at rest laid flat upon the abdomen, veins Cu and 1A
fused at base forming a Y-vein; antenna three-jointed; parthe-
nogenetic females with beak, sucking but not defecating; sexual
forms without beak; wingless agamic females not secreting a
waxy flocculence, but in Phylloxera they secrete a waxy powder.
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(Phylloxéra (P. vastatriz, Grape phylloxera) (Figs. 217, 224,
225), Acanthochérmes, Moritziélla, Xerophylla (X‘. carye-
caults, Hickory phylloxeran))........... PHYLLOXERIDA

47. Abdominal spiracles present in all stages; adult male usually with
COMPOUNd EY€S. .« .o v ot e e 48
Abdominal spiracles wanting in all stages; adult male without
definite compound eyes, 7.e. without clusters of facets in hemi-
spherical or other shape. ............ .. ... ... ..., 49

Figs. 224-226. Homoptera

224. Phylloxera, dorsal and ventral views. (Doten) Phylloxeridz.
225. Phylloxera, nymph, ventral view (Simanton) Phylloxeridee.
226. Pheenicococcus, larva (Morrison) Cylindrococcidse.

48. Larva and all female stages with a distinctly developed flat anal
ring bearing pores and six setee; adult male with simple nine-
jointed antennee, with a rather conspicuous seta at extreme tip
of apical joint; penis sheath of adult male appearing strongly
bivalved. (Orthézia, tropicopolitan)........ ORTHEZIID &

None of the stages with a flat anal ring bearing pores and sete;
adult male nearly always with simple ten-jointed antennee,
rarely with pectinate antenne or with more than ten joints;
penis sheath of adult male mostly entire, or merely cleft at apex,
at most with short bilobate tip, in which case the compound
eyes are poorly developed. (M ARGARODIDE).

MONOPHLEBID &
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a. Adult female with tarsi two-jointed (Fig. 241), rarely the legs
reduced to a small unsegmented protuberance; disk-like simple
pores present; intermediate female legless; halteres of male
with four to six long curved apical bristles (Fig. 242). Wide-
spread. (Matsucdccus, palzarc. (Figs. 242, 245); Stigmacoc-
cus, neotrop. (Figs. 241, 248, 249); Xylocdecus, nearc.).

XYLOCOCCINAE
Adult female with tarsi one-jointed, legs, if reduced, with some
segmentation; disk-like simple pores wanting. . b

b. Adult female with six to twelve large knobbed bristles surroundlng
and surpassing the tarsal claw (Fig. 246); antennz contiguous
at base; intermediate females legless; male with eyes reduced
to a row of facets or even to a single facet. Holarctic. (Stein-
gélia, palearc.; Stomacoceus, nearc.) . ... STEINGELIINE

Adult female usually with two bristles on tarsal claw, if more than
two the bristles are short and acute; antennsze often close to-
gether but not contiguous at base; male with well developed
COMPOUN €Y€S. .. o v vt ettt e e e c

c. Adult female with dorsal anus, anal tube relatively well developed
and provided with a simple proximal ring; intermediate female
with antenne and legs fully developed, anal tube with ring and
anal opening distinctly dorsal; male tibiz, tarsi and front
femora with bifurcate setz, middorsal area of thorax with an
unchitinized area, and abdomen with one or more pairs of fleshy
marginal tassels. (Drdsicha, widespr.; Icérya, tropicopol.
(Figs. 230, 243); Llavéia, neotrop., indomal.; Monéphlebus,
indomal.; Paleococcus (Fig. 231), widespr.; Steatocéccus).

MONOPHLEBIN &

Adult female with the anal tube, if well developed and with proxi-
mal ring, apical in position, if the anal opening is subapical the
tube is poorly developed or wanting. .. .................... d

d. Adult female usually with disk pores in a band or plate within the
thoracic spiracles, if without these the front legs enlarged and
fitted for digging; intermediate female legless; male legs with-
out bifurcate bristles, middorsal area of thorax chitinized.
(Callipdppus, austr.; Kuwania, palearc.; Margarddes,
WIdESPr.) . oottt e e MARGARODINZE

Adult female usually with disk pores or pore plate external to, but
never within the thoracic spiracle; intermediate female with
antennee and legs usually reduced but still segmented; male
tibiee, tarsi and front femora with bifurcate bristles; middorsal
area of thorax unchitinized. Principally neotropical and Aus-
tralian. (Ccelostomidia, austr.; Cryptokérmes, neotrop.;
Marchalina)...................... CELOSTOMIDIIN &
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49. Abdomen of female and of nymphs terminating in a compound
pygidium; anal opening simple; body covered by a secreted thin
shield-like scale. Scale insects. .......................... 50

Abdomen of female and of nymphs not having the posterior seg-
ments fused to form a definite pygidium contrasting with the
anterior segments; anal orifice often setiferous; body not cov-
ered by a thin shield-likescale. .. ......... ... ... ... ... 51

50. Scale covering constructed around the first moulted skin; pygi-
dium of the covered insect definitely formed of the fused

Figs. 227-231. Homoptera

227. Lecanium, growth stages of female scale. Lecaniide.
228. Diaspis, female (Howard) Diaspidide.

229. Aspidiotus, male (Howard) Diaspididze.

230. Icerya, tarsus of female (Riley) Monophlebidz.

231. Pal®ococcus, hind leg. Monophlebidz.

terminal segments contrasting with the anterior segments of
the abdomen, pygidium of the first instar larva bearing two
long anal setze; legs and six-jointed antennz present during the
crawling stage but atrophied after the insect becomes sessile;
beak one-jointed. ......................... DIASPIDIDE

a. Scale of adult female or second nymphal female more or less elon-
gate or sometimes rounded, with exuvise at one end, if nearly
circular the exuvise near margin or when central not concen-
trically superposed; exuvia of first nymphal female with
the remains of antennz showing as porrect appendages . .. . . b
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Scale of adult and second nymphal female nearly circular, the
exuviz central, if elongate the exuvige concentrically superposed,
not projecting beyond margin of scale or attached at margin;
exuvia of first nymphal female never showing remains of an-
tennee. (Aspididtus, widespr. (Fig. 229) (4. (Comstockdspis)
permcwsus, San José scale); Chrysémphalus, widespr.; Tar-
gidnia, widespr.) . ........ ... oL ASPIDIOTINE

. Scale of female nearly circular, with nipple central or excentric,

rarely projecting beyond margin of scale; male scale elongate,
with almost parallel sides. (Aulacaspis, widespr. (Figs. 233,
234) (A. rose, Rose scale); Diaspis, widespr. (D. bromélic,
Pineapple scale; D. piricola, Pear scale); Howardia, widespr.).
DIASPIDIN A&
Scale of female not circular, but pyriform to linear, at least twice
as long as wide, rarely, in certain gall-making species, the scale
isreduced to a liningof thegall. .. ...... ... .. ... ... ... ... c
Male scale elongate, very unlike the broader female, usually tri-
carinate and white or pale-colored. .......................
Male scale essentially similar in form and structure to that of the
female . .. ... . e e
Female scale with exuvige small, not forming the greater part of
the scale. (Chionaspis, widespr. (Figs. 235, 236, 237) (C.
farfura, Scurty scale; C. pinifolie, Pine leaf scale); Hemi-
chionaspis, widespr., mamly indomal.; Phena.caspls widespr.;
Poliaspis, ethiop., indomal.) . CHIONASPIDINIE
Female scale elongate (Fig. 232), formed in greater part by the
puparium (nymphal exuvia which encloses the adult); secreted
part of scale thin. (Adiscofiorinia, ethiop., indoaustr.; Fio-
rinia, indoaustr. (Fig. 232); Trullifiorinia, indoaustr.).
FIORINIINZE
Pygidium usually edged with a continuous series of lobes and wide
fringed processes (pectinz), rarely with pointed narrow plates;
preanal median group of wax glands often wanting, when pres-
ent rarely with more than eight glands; scale white or whitish. .f
Pygidium of adult female or of second nymphal stage usually with
pointed narrow plates, and pectina at most with narrow shafts;
scale of adult female with second exuvia small, rarely covering
half of scale; usually more than eight preanal wax glands;
scale dark colored. Oyster-shell scales. (Coccomytilus, wide-
spr.; Lepidésaphes (= Muytildspis), widespr. (Fig. 240) (L.
bécki, Citrus purple scale; L. 4lmsz, Oyster-shell scale); Pinnas-
pis, Am., indomal.; Serupulispis, palearc., indoaustr.).
LEPIDOSAPHINZE
Scale of adult female elongate, often pyriform, sometimes with
. parallel sides, formed mainly of the large puparium or nymphal
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exuvia which encloses the adult; male scale not carinate; basal
segments of abdomen without lateral projections. (Leucéspis,
widespr. ; Suturaspis, widespr.) .......... LEUCASPIDINZE
Scale of adult female round with small marginal exuvise, or sub-
quadrangular with large exuvie, or elongate with terminal
exuvize; puparium usually converted into the second exuvia;
basal segments of abdomen with lateral projections. (Crypto-
parlatoria, palearc., austromal.; Gymnéaspis, widespr.; Par-
latoria, widespr. (P. bldnchardi, Date palm scale); Syngenas-
IS, WIdESPL.) - v ovoeeeie e PARLATORIINZZE

237
B 236
@ 234
2 =33 23@ |

Figs. 232-237. Homoptera

23

232. Fiorinia, female, outline of scale. Diaspididee.
233. Aulacaspis, female, outline of scale. Diaspididee.
234. Aulacaspis, male, outline of scale. Diaspididee.
235. Chionaspis, male, outline of scale. Diaspididee.
236. Chionaspis, broad female scale. Diaspididee.
237. Chionaspis, narrow female scale. Diaspididee.

Scale covering not containing the exuvie of the early moults;
pygidial segments less completely fused; legs present, even in
adult female, tibio-tarsal suture obsolete; antennze of adult
female three-jointed; beak two-jointed. (Conchéspis, neotrop.,
Ceylon (Fig. 239); Fasistiga, Chile; Scutare, neotrop.).

CONCHASPIDIDAE

51. Female with posterior end cleft; anus closed by a pair of dorsal
plates; larvee also with the anal cleft bounded on each side by a
prominent seta-bearing lobe or plate; beak one-jointed; wax
glands very rarely paired to resemble the figure 8; body of adult
female sometimes greatly convex, bare or encased in waxy or
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cottony secretion. (Ceroplastes, cosmop. (C. ceriferus, Indian
wax scale) ; Lecanium, cosmop. (Fig. 227) (L. c6rni, Brown scale;
L. hespéridum, Soft brown scale; L. pérsice, Peach scale);
Lecaniépsis; Neolecanium, Am.; Physokérmes, nearc.;
Pulvinaria, widespr. (P. »itzs, Cottony maple scale); Saissétia,
widespr. (S. dlee, Black scale); Toumeyélla).. . LECANIID&
Anal end of abdomen not medially cleft, if apparently cleft and
provided with lobes some of the microscopic wax glands are
paired to resemble the figure 8. .. ........ ... ... ... 52
End of abdomen more or less narrowed or prolonged into a tubular
anal projection; beak two-jointed. Species inhabiting galls, or

enclosed In WaxX. .. ...t e 53
Abdomen not narrowed at tip or prolonged into an anal protuber-
ATICE .« ot et e et e e e e e e 54

Insects enclosed in a mass of resinous cells, each cell with three
adjacent openings; adult female legless, body globular or sub-
conical, with mouthparts at one end and three tubular processes
at the opposite end, one of the projections bearing the anus and
the other two the mesothoracic spiracles. Lac insects. (Lécci-
fer (= Tachdrdia), ind.; Tachardiélla, widespr.; Tachardina,
ethiop.). (TACHARDIID.AE). ............. LACCIFERID &

Insects forming galls. Usually on Eucalyptus trees; adult female
segmented, top-shaped, with at least one pair of legs, or seg-
mentation obsolete, head and thorax globular, abdomen re-
duced to a tubercle, and legs and antenna wanting. Australian.
Peg-top Coccids. (Apiomérpha, Ascelis, Cystocdccus, Opis-
théscelis). (BRACHYSCELID.E) . .. ... APIOMORPHID &

Wax glands distributed largely in pairs resembling the figure 8,
generally arranged in rows; beak one-jointed; anal ring pro-
vided with setee; legs of adult female vestigial or wanting.
(Asterolecanium, widespr.; Cerococcus, widespr. (Fig. 244);
Lecaniodidspis, widespr.; Olliffia, austr.).

ASTEROLECANIIDE

Wax glandsnot seriately arranged in pairs resembling thefigure8. 55

Antennz of adult female eleven-jointed; male eyes consisting of
eight units arranged in a circle; anal ring distinct and provided
with six prominent anal ring sete, no anal lobes or anal setze.
(Phenacoleachia, Austr.) ........ PHENACOLEACHIID &

Antennz of adult female with at most nine joints, often reduced
or wanting; male eyes consisting of fewer parts, not arranged
macirele. .. ... e 56



56.

238.
239.
240.
241.
242.
243.
244.
245.
246.
247.
248.
249.

57.

BRUES AND MELANDER: CLASSIFICATION OF INSECTS 133

Adult female and all nymphs with no anal ring and corresponding
L] 7 S 57
Adult female and intermediate nymphs with anal ring developed,
with or without setee, first stage nymphs with anal ring setee. . 58

Figs. 238-249. Homoptera

Lepidosaphes, pygidium of adult female (Green) Diaspididze.
Conchaspis, pygidium of adult female (Green) Conchaspididze.
Lepidosaphes, pygidium of adult female (Quayle) Diaspididz.
Stigmacoccus, leg of adult female (Morrison) Monophlebidz.
Matsucoccus, halter of male (Morrison) Monophlebidze.
Icerya, antenna of female (Riley) Monophlebidze.

Cerococcus, pygidium of adult female (Green) Asterolecaniidee.
Matsucoccus, male, dorsal view of head (Morrison) Monophlebidze.
Steingelia, tip of tarsus of female (Morrison) Monophlebidze.
Rhizococcus, tip of tibia and tarsus (Packard) Diaspididz.
Stigmacoccus, simple disk pore (Morrison) Monophlebidze.
Stigmacoccus, trilobate disk pore (Morrison) Monophlebidze.

Adult female with all legs present and subequal in length, their
antennse normally seven-jointed, and body deep carmine red.
Cochineal insects. (Céceus, widespr. (orig. Am.); Epicocecus,
Austr) ... e, COCCIDE
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'Adult female with some or all legs wanting, or when all legs present
the hind pair are two or three times as long as the others; an-
tennee, if present, with less than seven joints, often vestigial or
wanting. Southern hemisphere. (Apiocdccus, neotrop.; Cy-
lindrocéccus, austr.; Halimocéccus, ethiop.; Ourococcus,
austr.). (IDIOC'OC’CIDE) .......... CYLINDROCOCCIDAE

58. Anal ring and distinct anal ring sete present in young and adult
females, anal lobes present. (Antdnia, Eriocéccus, Phena-
coccus, widespr.; Gossyparia, holarc., austr. (G. spiria, Elm
bark louse); Pseudocdccus (= Dactylopzus) cosmop. Mealy
bugs; Triénymus, holarc.). ( PSEUDOCOCCID.E, DACTY-
LOPIINA). ... i .. ERIOCOCCID A&

Adult female rarely with anal ring, female nymphs with anal ring
and anal ring setee, anal lobes not formed; adult female berry-
like or gall-like, living on oaks. (Kermes (= Kermococcus),
holare., austr.). (HEMICOCCINAE). ........ KERMESID&E

59. Head freely articulated with the thorax; fore wings membranous,
with veins and crossveins that enclose numerous cells. Terres-
trial. (Peloridium neotrop.; Xenophyes, Hemlodoecus,
austr.) . . .. PELORIDIIDA&

Head more or less completely fused Wlth the thorax not movable;
upper wings very thick, covering the whole abdomen; scutel-
lum short and broad; aquatic. (Pléa, widespr.) .... PLEIDZE
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ORDER HEMIPTERA

(HETEROPTERA; RHYNCHOTA, part)

Terrestrial or aquatic species ranging from minute to large size;
usually more or less flattened or cylindrical; feeding on the juices of
plants or animals. Head free, bearing a sucking, inflexed, jointed beak
which is usually inserted toward the front end of the head; antennee
with few joints, those of the terrestrial species usually long; in the
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aquatic forms very short. Prothorax large, free; mesothorax and
metathorax firmly united; scutellum very large. Wings overlapping
on the abdomen, the fore pair (hemelytra) tough at the base and mem-
branous apically, the hind pair with large anal field, the venation
much reduced and irregular, wings sometimes reduced or absent;
legs of variable form, tarsi usually three-jointed, rarely reduced to two,
or one joint. Abdomen with ten visible segments, frequently the
sternites are larger than the tergites; no cerci. Metamorphosis in-
complete. True Bugs.

250

Fig. 250. Hemiptera

Piesma, developmental stages. Five larval instars, 1-5 (Barber) Piesmidz.

1. Antennz as long as or longer than the head, usually free, rarely
(Phymatide) fitting in a groove under the sides of the protho-
rax, if the antennz are slightly shorter than the head the eyes
and ocelli are absent; tarsal claws with or without arolia. (GEO-

- CORISZE). Suborder GYMNOCERATA ................. 2
Antennsze shorter than the head, usually (except Ochteridee)
hidden in cavities beneath the eyes; meso- and metasternum
composite, metasternal gland openings absent; tarsal claws
without arolia; aquatic or hygrophilous species. (HYDRO-

CORISZ). Suborder CRYPTOCERATA ............... 46

2. Eyes and generally also the ocelli present (eyes small in Aepo-
philus, Couplet 13) . .. .. oo it 3
Both eyes and ocelli wanting; scutellum not formed. .......... 55

3. Claws apical, the last tarsal joint with entire tip. .............. 4

Claws of at least front tarsi distinctly anteapical, the apex of the
last tarsal joint more or less cleft; hind coxee distant; upper
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wings of uniform texture, the clavus, corium and membrane
confluent; underside of body with silvery, velvety pubescence;
aquatic, surface-living. Water striders, Jesus-bugs. (Super-
family GERROIDEA). . .. ..o, 45

. Head shorter than thorax including the scutellum; body rarely

VETY DATTOW &+ ot te it e et ettt e et ie e ee et ee e e nnan 5
Body linear; head horizontal, as long as “the entire thorax and
widened toward the apex; legs slender; upper wings with corium
and membrane not separate; wings often absent; antenna four-
jointed. Marsh-treaders. (Hydrémetra (=Limndbates), cosmop. )
(Figs. 251, 252). (LIMNOBATIDE).... HYDROMETRID &
Antennz four-jointed, disregarding mlnute intermediate ring-
joints or antenniferous tubercles on the head which are some-
times present; head not shield-like, the antenne visible from
above. (If the antenna are five-jointed with the basal two
joints thickened and visible from above, see Hebride, couplet
) P 6
Antennse with five principal joints. .. ....................... 39
Upper wings more or less lace-like in appearance, the small reticu-
late cells usually with membranous center; body with reticulate
sculpturing; tarsi tWO-jointed small, more or less flattened
bugs, less than five mm. in length. Lace-bugs. (Superfamily
TINGIDOIDEA) ..................................... 7
Upper wings and body not so reticulate; ocelli usually present. ..8
Middle lobe of head (tylus) not extending forward as much as the
side lobes (juga), the head appearing bifid in front; ocelli pres-
ent; upper wings with the membrane not reticulate but the
‘remainder reticulately punctate; pronotum not covering the
scutellum. (Piésma (Fig. 250)) .............. PIESMIDZE

" Side lobes of head not prominent; ocelli absent; upper wings en-

tirely reticulate; pronotum with an angular process extending
over the scutellum and often with an anterior hood more or
less covering the head. (Phatnéma, Cantacader, Widespr ;
Acalypta, Corjthucha (Fig. 254), Galeatus, palearc., in-
domal.; Gargaphia, Gelchéssa). (TINGIDZE, TINGI TID ).

TINGIDID &

. ‘Tarsal claws devoid of basal pads (arolia), if very rarely the arolia

are present (Miride, Reduvioidea) the meso- and metasternum
are composite or the front legs are raptorial ... ............. 9
Tarsal claws always provided with arolia; proboscis generally
four-jointed; meso- and metasternum simple. ............. 31
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Antenneze whip-like, the basal two joints very short, last two
joints long and very slender, pilose, the third joint thickened
at the base; ocelli present; proboscis three-jointed; tarsi three-
jointed; veins of upper wings forming cells; small or minute

species. (Superfamily DIPSOCOROIDEA) .............. 10
Third antennal joint not thickened at base, the second joint often
longer than the third or equal to it, rarely shorter. .. ........ 11

Head more or less extended horizontally, or slightly bent down;
proboscis long; eyes small; front coxal cavities not prominent.
(Ceratocémbus, Crescéntius, ind.). (CERATOCOMBIDZ,
CRYPTOSTEMMATIDE) .............. DIPSOCORIDAE

Head transverse, inflexed between the prominent front coxee;
costa of fore wings not fractured. (Hypseloséoma (=Glypio-
COmMBUS)) . oo SCHIZOPTERID &

Meso- and metasternum composite, formed of more than one
piece, very rarely the sutures obsolete, in which case the clypeus
is triangulate (Cimicids:); cuneus of the fully winged forms
more or less distinct; hind coxz hinged (except in a few Mirids).
(Superfamily CIMICOIDEA) ......................... 12

Meso- and metasternum simple, formed of a single piece; hind
coxze rotating with a ball and socket joint (except in
Saldidee). . ..o 19

Proboscis three-jointed; upper wings, when developed, with an
embolium; when the wings are vestigial no ocelli are present.
(Compare also Microphyside, couplet 18, some of which have
three-jointed proboscis, but no embolium) . ............... 13

Proboscis four-jointed ... ....... ... ... i 16

Metapleurse without glands; body not broadly oval and thorax
not flattened; occurring under stones along Atlantic coast of
Europe. (Aepéphilus) .................. AEPOPHILIDE

Metapleurse withglands . ........ ... . ... ... ..o 14

Wings vestigial; clypeus triangular, broader apically; ocelli ab-
sent; parasitic on man, bats and birds. Bedbug family. (Cimex
(C. lectularius, Bedbug) (Figs. 255, 258), Hematosiphon).
(ACANTHIID.Z of authors, CLINOCORIDE). CIMICIDZ&

Wings usually well developed; sides of clypeus parallel or sub-
parallel; ocelli present; proboscis three-jointed. ...........15

Membrane of fore wings with many distinct veins; antenne long
and thin; proboscis long; gland opening of metathorax small;
legs long and thin, similar; eyes large and bulging; moderately
large species. (Velocipeda, indomal.). .. .. VELOCIPEDIDE
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Membrane with few veins, legs not lengthened; small species.
Minute pirate-bugs. (Anthécoris, Triphleps, cosmop. (T. in-
sididsus, Predatory flower-bug)). (Fig.257). ANTHOCORID &

16. Ocelli of both sexes absent; tarsi three-jointed (exceptionally two-
jointed in a few Miride)

Figs. 251-259. Hemiptera

251. Hydrometra (Miall) Hydrometride.

252. Hydrometra, profile of anterior portion of body (Hungerford) Hy-
drometride.

253. Isometopus (Heidemann) Isometopide.

254. Corythuca Tingidide.

255. Cimex, tip of tibia and tarsus (Eysell) Cimicide.

256. Lygus (MacGregor) Miridee.

257. Triphleps (MacGregor) Anthocoridz.

258. Cimex (Patton and Cragg) Cimicide.

259. Halticus (Distant) Miridee.

Ocelli present; membrane of upper wings with one or two small
basalcells . ..ot e 18

17. Proboscis with basal joint scarcely longer than wide, not extending
backward beyond middle of eyes; membrane of upper wings

with a single large quadrangular cell. (Hesperophylum, Ter-
matophylum) ................... TERMATOPHYLIDAE
Proboscis with basal joint longer than broad, usually reaching
beyond hind margin of head; membrane with two, sometimes
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one, small cells near base, rarely with irregular free veins.
Leaf-bugs, Plant-bugs. (Halticus (Fig. 259), Psallus, Calé-
coris, Peecilocipsus, Irbisia, widespr.; Lygus (Fig. 256),
(L. praténsis, Tarnished plant-bug), Miris, cosmop.; Cipsus,
Camptébrochis, palearc., indomal.). (CAPSID.E).
MIRIDE
Tarsi two-jointed; proboscis normally four-jointed, the third
joint very small, or three-jointed. (Mallochiola, Cyrtostér-
num, indomal.; Pachytarsus, indomal.). MICROPHYSID &
Tarsi three-jointed. (Corticoris, Diphleps, Isometdpus, pa-
lzearc., indomal. (Fig. 253), Myiémma) . . . ISOMET OPIDE
Front legs not raptorial; prosternum without medial stridulation
groove; head rarely cylindrical. ......................... 20
Front legs moreorless raptorial; prosternum usually with a median
transversely striated or granulated stridulation groove in front
of the front coxz; pronotum with a transverse groove; head
cylindrical; proboscis three-jointed, fitted for piercing, rarely
with an extra very short basal joint, the first joint stout and
usually curved. (Superfamily REDUVIOIDEA). ........ .26
Ocelli absent; proboscis three-jointed or apparently so when the
basal joint is minute; body flat, adapted for living under bark.
(Superfamily ARADOIDEA) ........................... 21
Ocelli present, when rarely absent the proboscis is four-jointed and
the head is not apically widened. .. .. T 23
Proboscis arising before the end of the head and lying in a groove
between the cheeks. .......... e 22
Proboscis terminal, not lying in a ventral groove. (Isodérmus,
austr., neotrop.; Procympittus, austr.)... . ISODERMIDZE
Head not wide behind the eyes, which are prominent; proboscis
longer than the head; trochanters very short, fusing with the
femora; abdominal spiracles placed near the base of the seg-
~ments. (Aradus, Brachyrhynchus, cosmop.; Eumenotes,
indomal. (Fig. 260), Carvéntus, neotrop., indoaustr.).
ARADIDE
Posterior part of head wide, enclosing the eyes, often spinose;
proboscis rarely longer than the head; trochanters distinct;
abdominal spiracles remote from the base of the segments.
(Anetrus, Mezira, Neuréctenus). (MEZIRID.E).
DYSODIIDZE
Membrane of upper wings destitute of veins, more or less con-
fluent with the membranouseclavus. ...................... 24
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Membrane furnished with four or five long closed cells, the clavus
more or less distinct. Shore-bugs. (Sélda, cosmop.; Saldula,
Penticora (Fig. 262)). (ACANTHIIDE of some authors).

SALDIDE
24. Ocelli approximated; semiaquatic bugs..................... 25

Ocelli widely separated; flattened, oblong-oval bugs with large
porrect head. (Fig. 273). (Xylastodéris (Royal-palm bug).
(THAUMASTOCORIDE). . .. .. THAUMASTOTHERIID &

Figs. 260-267. Hemiptera

260. Aradus (Howard) Aradide.

261. Pentatomid bug, wings (Handlirsch) Pentatomidze.
262. Pentacora (Torre Bueno) Saldidze.

263. Corizus (Hambleton) Corizide.

264. Henicocephalus (Maxwell-Lefroy) Henicocephalide.
265. Triatoma (Chagas) Reduviide.

. 266. Reduvius, tip of tibia and tarsus (Eysell) Reduviide.

267. Triatoma, wings (Patton and Cragg). Em., embolium; Cl., clavus;
C., corium; Mb., membranaceous area. Reduviide.

25. Antenne long and slender; body narrow; tarsi three-jointed, the
basal joint minute; corium submembranaceous with elevated
veins. (Mesovalia, widespr.) ............. MESOVELIIDE

Basal two joints of antenne thicker than the others; body robust,
not over 2.5 mm. in length; tarsi two-jointed; head and thorax
- grooved beneath; body densely clothed with velvety pile.



26.

27.

28.

29.

30.

BRUES AND MELANDER: CLASSIFICATION OF INSECTS 147

(Merragata; Hebrus, widespr.). (NEOGAZID Z). (See couplet
30) HEBRIDZE, part
Pronotum divided into three lobes; head constricted at the base
and behind the eyes, swollen between ; upper wings wholly mem-
branous, with longitudinal veins and a few crossveins; front
tibize swollen; front tarsi one-jointed, hind tarsi two-jointed;
minute, delicate species. (Henicocéphalus, cosmop. (Fig.
264), Systelléderes). (ENICOCEPH ALID ).
' HENICOCEPHALIDZE
Pronotum simple, often large and broad, or long and narrow; head
not constricted at the base behind theeyes................ 27
Antenne elbowed, slender, filiform or often very thin apically. .28
Antenne short, with the last joint swollen or enlarged; membrane
with the veins joined, frequently forked and uniting; tarsi two-
jointed; front legs very stout, raptorial, the front femora greatly
thickened. (Phymata (Ambush-bug); Macrocéphalus; Am-
blythyreus, indomal.; Carcinécoris, indoaustr.). (M ACRO-
CEPHALIDE) .......................... PHYMATIDE
Prosternum with a cross-striated median stridulation groove;
proboscis three-jointed . .................. ... ... .. ... 29
Prosternum without a stridulation groove; proboscis usually four-
jointed, rarely three-jointed . ........................... 30
Front coxe short; rather robust species, the body not linear;
ocelli usually present; front legs raptorial, but not greatly modi-
fied. Assassin bugs. (Acanthaspis, ethiop., indomal.; Apio-
meérus (4. crdssipes, Bee assassin) ; Arilus (4. cristatus, Wheel-
bug); Melanoléstes (M. picipes, Kissing-bug); Reduvius,
paleearc., ethiop., indoaustr. (Fig. 266); Sinea, holarc.; Tri-
atoma (=Conorkinus) widespr. (T. sanguisiga, Big bedbug)
(Figs.265-267); Oncocéphalus, Harpactor, Pirdtes, widespr.)
REDUVIIDE
Front coxe greatly elongated; body greatly elongated, the middle
and hind legs long and thin, the front legs highly raptorial;
ocelli absent. Thread-legged bugs. (Barce, Ploiaria (=Emesa),
widespr.; Myiéphanes, palearc., indoaustr.; Stenolemus,
Gardena, widespr.). (EMESIDAE). ......... PLOIARIIDZE
Legs slender, the front pair strongly raptorial; tarsi three-jointed;
membrane of upper wings with more or less distinctly branched
veins, or with two or three longitudinal cells emitting radiating
veins. Damsel-bugs. (Nabis (=Coriscus, = Reduviolus), cos-
mop., PAgasa) ... ... NABIDZE
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Legs short, tarsi two-jointed; membrane with four free veins.
(Joppéicus, palearc.) . ................... JOPPEICIDZE

31. Membrane of upper wings with many longitudinal veins which
often unite; antennze inserted well up on the sides of the head;

ocelli present. (Superfamily COREOIDEA) .............. 32
Membrane usually with a few veins, if many branching veins are
present the ocelli are absent. (Superfamily LYGAOIDEA,

el al.) .. 34

32. Fourth dorsal segment of the abdomen constricted medially; gland
openings of the metathorax usually obsolete, if rarely visible,
placed behind the hind coxal cavities and emitting two diver-

gent grooves. (Corizus, cosmop. (Fig. 263); Harmdstes;
Serinétha, ethiop., indomal.) ................. CORIZIDZE

Basal margin of fourth and fifth dorsal segments of the abdomen
usually sinuate in parallel manner; gland openings of meta-
thorax almost always distinet. .......................... 33

33. Head much narrower and shorter than the prothorax, cheeks usu-
ally reaching behind the insertion of the antenne; exterior
margin of hind coxal cavities nearly parallel with axis of the

body. (Anasa (Figs. 269, 270,274, 275) (A. tristis, Squash-bug) ;
Leptoglossus, widespr. (Fig. 268) (L. phyllopus, Leaf-footed

bug); Acanthécoris, Stenocéphalus, widespr.; Homaé-
cerus, ethiop., palearc., indomal.; Mictis, widespr.; Ano-
plocnémis, ethiop., indomal.) ................. COREIDZE

Head nearly as broad and long as the prothorax, the cheeks
scarcely extending behind the base of the antenne; exterior
margin of the hind coxal cavities more or less transverse.
(Alydus, Leptocérisa (L. trivittata, Box-elder bug), widespr.;
Curu, neotrop. indomal.; Protenor, Stachyocnémus). (COR-

ISCIDAE) . ..... ... .. . ... ALYDIDAE
34. Ocellipresent . .. ......ooiuiuiiiii e 35
Ocelliabsent . ............ .0 i, 38

35. Wings when present long and narrow, without distinct veins;
slender bugs with long thin antenne and abdomen narrowed
at base. Indoaustral. and neotropic. (Colobathristes, Per-
uda, Ph@nacintha, Milcus). .. ... COLOBATHRISTIDAE

Membrane withveins . ...........ooviiiiiiiea.... 36

36. Antenne not elbowed; head not constricted in front of the eyes.37

Antenne elbowed, the first joint long and clubbed, the last joint
spindle-shaped; head constricted in front of the eyes; scutellum
small; femora clubbed. Stilt bugs. (Jalysus, widespr.; Néides,
Metacanthus, palearc.,indomal.). (BERY TID ). NEIDID &
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37. Veins of membrane usually four or five in number and not forming

268.
269.
270.
271.
272.
273.
274.
275.
276.

anteapical cells. (Gebécoris, N§sius, cosmop. (False chinch-
bug); Graptostéthus, palzarc., ethiop., indomal.; Oncopél-
tus, widespr.; Lygaeus, Ligyrécoris (Fig. 276), Lyge®osdéma,
widespr.; Blissus (B. leucdpterus, Chinch-bug (Fig. 271))). (GEO-
CORIDAE, MYODOCHIDZE). ................ LYGZEIDE

Figs. 268-276. Hemiptera

Leptoglossus (Chittenden) Coreidz.

Anasa, wings (Tower) Coreide.

Anasa, leg (Tower) Coreide.

Blissus (Webster) Lyg=zide.

Dysdercus (Barber) Pyrrhocoridee.

Xylastodoris (Barber) Thaumastocoride.

Anasa, antenna (Tower) Coreidz.

Anasga, lateral view of prothorax and head (Hyatt and Arms) Coreidze.

Ligyrocoris (Barber) Lygeide.

Veins of membrane four in number, arising distinctly from the

corium, forming three large preapical cells and thence branching.
(Hyocéphalus, austr.) ................ HYOCEPHALIDA

38. Membrane of upper wings with two large basal cells which emit

seven or eight branching veins; stout bugs of moderate size.
(Dysd ércus, widespr. (Fig. 272) (Cotton stainers); Physo-
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pelta, widespr.; Euryophthalmus; Pyrrhécoris, palaarc.,
ind.; Betatops, Antilochus, ethlop indoaustr.).

PYRRHOCORIDZ
Membrane with few veins forming one or two basal cells. (See
couplet 17) ... ... MIRIDZE, part

39. Upper wings with the clavus membranous and confluent with the
membrane which is devoid of veins; head and thorax grooved
beneath; antennze with the two basal joints stouter than the
others; tarsi two-jointed; small, semiaquatic bugs. (See couplet
25). (Hebrus (= Neogeeus), widespr.) ........... HEBRID &

Upper wings with the clavus noticeably heavier than the mem-
brane; antennee with the first joint thickened, the second joint
slender; head more or less expanded, the side margins acute in
front of the eyes and thickened above the base of the antennz;
ocelli present; scutellum large or very large; terrestrial. (Super-
family SCUTELLEROIDEA). (PENTATOMOI DEA)

40. Scutellum excessively large, U-shaped and convex, covering the
greater part of the abdomen; opaque part of the corium much

narrowed toward the apex..................... .. ... ... 41
Scutellum nearly always narrowed behind, more or less triangular;

, opaque part of the corium subtriangular, broad apically. .. .. 44
41. Tibiz not armed with strong spines. .. ..................... 42

Tibize with two or more rows of distinct spines. Negro-bugs.
(Corimelena (= Thyreseoris)). (TH YREOCORID ).
CORIMELZENIDA&
42. Fore wings about twice as long as the abdomen, folded at the
middle and at rest tucked under the scutellum; tarsi two-jointed.
(Brachyplatys, ethiop., 1ndoaustr ; Coptosdma, old world;
Plataspis, palearc.). (COPTOSOMID A, PLATASPIDA?,‘)

PLATASPIDIDAE
Fore wings of normal length, not folded; tarsi nearly always three-
jointed . .. ... e 43

43. Sides of the prothorax without a strong tooth or lobe in front of
the humeral angles and another on the front angles; hind wings
with a heavy, abrupt,spur-like vein (hamus). Shield-back bugs.
(BEurygaster, holarc.; Home®emus, widespr.; Scutéllera,
Chrysécoris, Peecilécoris, indomal.).. . .. SCUTELLERIDE

Sides of the thorax with a prominent tooth or lobe in front of both
the humeral and the front angles; eyes protuberant; hind wings
with no hamus. (Arctdcoris, palearc.; Oncozygia, Podops,
widespr.). (GRAPHOSOMATIDAE) . ......... PODOPIDE
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44. Tibie strongly spinose, front legs fossorial; veins of the membrane
radiating from the base. (Aéthus, widespr.; Geétomus, Cyd-
nus, cosmop.; Brachypélta, palzarc., ethiop., indoaustr.;
Cyrtémenus, Pangs®us) .................... CYDNID A&

Tibise unarmed, or at most with weak spines, front legs not fos-
sorial; veins of membrane extending from a vein which arises
near the inner basal angle and lies nearly parallel with the edges
of the corlum. Stink-bugs. (Brochymena, Cosmopépla,
Euschistus (Fig. 278), Murgantia (M. histriénica, Harlequin
cabbage-bug); Pentatoma, Peribalus, Podisus, Catacantha
Fig. 277)) oo PENTATOMID A&

Figs. 277-284. Hemiptera

277. Catacantha, wings (Kirkaldy) Pentatomide.
278. Euschistus. Pentatomidz.

279. Ochterus (Garman) Ochteride.

280. Gerris (Miall) Gerrids.

281. Corixa (Miall) Corixidze.

282. Corixa, font leg (Kolbe) Corixide.

283. Corixa, wings (Handlirsch) Corixidz.

45. Hind femora extending much beyond the apex of the abdomen,
the posterior pairs of legs arising close together and very distant
from the front pair; proboscis four-jointed, but the first joint
short. (Gérris, cosmop. (Fig. 280); Hal6bates, tropicopol.;
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Rheumatébates; Onychétrechus, Chimarrhémetra, indo-
mal.). (HYDROBATIDE) .................... GERRIDE
Hind femora not extending much beyond the apex of the abdomen;
middle legs about midway between the front and hind pairs
(except Rhagovelia); proboscis three-jointed. Broad-shouldered
water-striders. (Microvélia, cosmop.; Rhagovélia, cosmop.;

Vélia, Am., palarc.) ..................co.on... VELIID&E
46. Head articulated with the thorax as usual or at most partly fused
with it; tarsi with more than a single joint. .. ..............47

Head completely fused with the thorax, the boundary more or less
indicated by a shallow impression; antenne one- or two-jointed;
eyes located rather dorsally; proboscis four-jointed; no distinet
venation; anterior tarsi one-jointed, hind tarsi two-jointed, all
tarsi with two claws; male genitalia strongly asymmetrical.

HELOTREPHIDE

Two subfamilies, probably deserving family rank, may be dis-

tinguished as follows:

a. Antennz two-jointed; body globose, shining; suture between head
and pronotum visible as a fine impressed line; scutellum rounded
on the sides, but little wider than long. (Heldétrephes, in-
domal.) . .HELOTREPHINZAE

Antennze composed ofa smgle ﬂat disk-like joint; suture between
head and pronotum completely obliterated, except in the
nymph; scutellum elongate, acutely trlangular toward apex.
(Idiécoris, Paskia, ethiop.) . e .IDIOCORIN &

47. Front tarsi of theusual form.............................. 48
- Front tarsi consisting of a single spatulate joint bearing a leaf-like
claw; body flattened above; head overlapping the pronotum;
proboscis very short, hidden, one- or two-jointed; middle legs

long, hind legs formed for swimming; hind tarsi with indistinct
bristle-like claws. Water boatmen. (Corixa, cosmop.; Micro-
nécta, palearc., indomal.). (Figs. 281, 282, 283). . CORIXID &

48. Upper wings of leathery consistency, with the clavus, corium and
membrane developed; legs often modified for swimming or
ETASPITLE « v v vt it e e e e e e e e e e 49
Upper wings transparent, the corium and membrane not sepa-
rated, with longitudinal veins and crossveins that enclose
numerous cells. Austr. and neotrop. (Peloridium). (See page

134, et e e PELORIDIIDE

49. Ocelli present; proboscis four-jointed; shore-living species. . . . . 50
Ocelli absent; proboscis usually three-jointed; aquatic species. .51
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50. Antenn exposed; front legs as long as the middle pair, formed for
running; small active bugs. (Ochterus (= Pelégonus), widespr.)

(Fig. 279). (PELOGONIDE). ............ ...OCHTERIDA&
Antenne hidden; front legs raptorial; short, broad species with
prominent eyes. Toad-bugs. (Ménonyx, Nérthra, Gelasto-

coris (= Gdlgulus)). (GALGULIDAZ, GELASTOCORIDA,
MONONYCHIDE) .. ....oovveienaenn... NERTHRIDZE

T INITVIY =
,;'—'—_—ml
n j:‘r.

i

E 291

Figs. 284-291. Hemiptera

284, Notonecta (Miall) Notonectide.

285. Nepa, wings (Handlirsch) Nepide.

286. Polyctenes (Westwood) Polyctenidee.

287. Lethocerus (Smith) Belostomatidz.

288. Nepa (Miall) Nepidee.

289. Termitaradus (Myers) Termitaphidide.

290. Termitaradus, marginal lobe (Myers) Termitaphididee.
291. Ranatra, apical portion of front leg (Hungerford) Nepidee.

51. Front coxe inserted at or near the front margin of the prosternum;
front legs formed for grasping; hind tarsi with distinet claws. .53
Front coxe inserted at the hind margin of the short prosternum;
legs fitted for swimming, the hind tarsi without claws; upper
wings strongly convex, the membrane without veins; body
convex above. Back-swimmers ... ............ ... . ... 52
52. Posterior tibize and tarsi ciliate; abdomen with a median carinate
ridge below; beak four-jointed; eyes large. (Notonécta, cos-

mop.; Anisops, widespr.; Buénoa, Am. (Fig. 284)).
NOTONECTIDZE
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Posterior tibize and tarsi simple, not ciliate; abdomen not carinate
beneath; beak three-jointed; eyes small. (Pléa, widespr) (See

PAZE 134). o oot PLEIDE
53. Upper wings with the membrane reticulately veined; beak with
very small labialpalpi ... .......... ... ... . ... ..., 54

Membrane without veins; beak without labial palpi; hind coxe
hinged; hind tibie slender, with small spines. Water creepers.
(Heledcoris, widespr.; Cheirochéla, indomal.; Ambrysus,
Naucoris, Pelécoris).

NAUCORIDZ and APHELOCHIRIDZE

54. Hind coxe hinged, hind legs fitted for swimming, posterior tibiee
flattened and fringed, hind femora usually sulcate; tip of abdo-

men with two short, flat, retractile appendages. Giant water-

bugs, Electric light bugs, Toe-biters. (Beléstoma, Benicus,
Abedus, Lethécerus, Wldespr (Fig. 287); Zaitha, Spheréd-

ema,) . ...... BELOSTOMATIDE

Hind coxa globular, rotatlng, hlnd legs formed for walking, not
flattened; apical appendages of abdomen long and slender, not
retractile, forming a respiratory siphon. Water-scorpions.
(Laccotrephes, pal@arc., indoaustr.; Cercométus, indomal.
(Figs. 285-288); Népa, Ranatra, cosmop. (Fig. 291)).

NEPIDE

55. Broadly oval, flat, completely wingless species; clypeus without
movable appendage; living in termite nests. (Termitaphis
(=Termitécoris), Termitaradus (Figs. 289, 290)). (TERMIT-
OCORIDAE) .....cceeeeinnnn... TERMITAPHIDID &

Body oblong, head broadly triangular; upper wings vestigial ; para-
sites of batr. (Eéctenes, Hesperdctenes, Poljctenes, wide-
spr. (Fig. 286)), . cvvveeereeiineannn. POLYCTENIDA&
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pt. 19, p. 82 (1883).
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Entom., No. 4, pp. 1-33 (1912).
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ORDER ODONATA

(LIBELLULOIDEA, PARANEUROPTERA)

Slender predatory insects, usually of large or very large size and
usually strong fliers; head mobile, eyes large, three ocelli; antennse
minute, four- to seven-jointed; mouth inferior, mandibles strong,
maxillary palpi one-jointed, labial palpi two-jointed; prothorax small
but free, meso- and metathorax fused, oblique; cerci one-jointed; legs
not large, similar, usually armed with spines, placed far forward, tarsi
three-jointed; wings four, nearly alike, elongate, membranous, net-
veined, not folded, with characteristic nodus, arculus and triangle
(see Figs. 298,299). Abdomen long and narrow, cylindrical or flat-
tened, sometimes clubbed at apex; ovipositor sometimes complete;
male sexual apparatus attached to the second sternite. Metamor-
phosis considerable, the nymphs aquatic, no resting pupal stage. Dam-
sel flies, Dragon flies.

Adults

1. Discoidal cell in both fore and hind wings a simple quadrangle;
wings more or less distinctly stalked at the base (Fig. 292),
the fore and hind ones essentially alike in shape and venation;
nodus almost always before the middle of the wing. Slender
species, nearly always resting with the wings closed above the
DoAY . oo s 2

Discoidal cell divided into two cells, a triangle and supratriangle;
wings without a distinct narrowed stalk-like portion at the base;
hind wings noticeably different from the fore ones in shape and
venation; nodus at or beyond the middle of the wings, at least
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in the fore pair; stouter bodied forms holding the wings ex-
tended horizontally from the sides of the body when at rest.
(Suborder ANISOPTERA) . ..........oiiiiiii., 14
2. Eyes strongly projecting from the sides of the head, often almost
stalked and always separated by a distance greater than their
width in dorsal view; mesothorax longer than wide; abdomen
long and slender, cylindrical. (Fig. 292). (Suborder ZYGOP-
TERA) oottt e e e 3

292. Lestes (Garman) Lestide.

293. Chromagrion, base of fore wing (Garman) Ccenagriidz.
204. Hemiphlebia, wing (Needham) Hemiphlebiidee.

295. Megalestes, wing (Needham) Synlestidze.

296. Mecistogaster, wing (Needham) Pseudostigmatidee.
297. Nesobasis, wing (Tillyard) Ccenagriidee.

Eyes less noticeably projecting laterally; separated by less than
their width (female) or almost contiguous above (male); meso-
thorax wider than long; abdomen distinctly swollen apically.
(Epiophlébia, Ind., Japan). (Suborder ANISOZYGOPTERA).

EPIOPHLEBIIDZE
3. Only two antenodal crossveins (except Thaumatolestes and Neuro-
lestes) (Fig. 295); arculus at least as near to the nodus as to the
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base of the wing; wings strongly petiolate; mesopleura not
divided by an oblique suture. (Superfamily CENAGRI-
OIDEA (=C@&EN AGRIONOIDEA)) ...................... 4
Five or more antenodal crossveins; arculus farther from the nodus
than from the base of the wing (equidistant in some Libella-
ginidee) ; wings less strongly petiolate; frequently with metallic
coloration; mesopleura with a distinet oblique suture extending
from the root of the wing toward the middle coxa. (Superfamily
AGRIOIDEA (= AGRIONOIDEA)) .................... 10
. Second branch of cubitus strongly arched upwards at its base,
just beyond the apex of the discoidal cell; discoidal cell very
narrow, pointed apically; two, rarely three antenodal cross-
veins; nodus at the basal third of the wing. (Fig. 295). (Syn-
léstes, Austr.; Chloroléstes, ethiop.; Periléstes, neotrop.;

Megaléstes) . .........cocooriiniiinnn... SYNLESTIDA&E
Second branch of cubitus straight, or very weakly curved up-
wards at the base. (Fig.294). ............ ... ... ... .. .... 5

. Postnodal crossveins more or less completely in line with the
crossveins beneath them (i.e. extending as straight lines from
the costa to the first branch of theradius). ................. 6

Postnodal crossveins not at all in line with the crossveins beneath
them; discoidal cell open basally. Small, slender, metallic green
species, with short wings. (Fig. 294). (Hemiphlébia, Austr.).

HEMIPHLEBIID &

. Wing without any supplemental sectors extending inwards from

" the apical part of the hind margin. ........................ 7

Wing with one or more supplemental sectors. .. ............... 8

. Second branch of cubitus long, extending to beyond the middle
of the wing (except Chlorocnemis); first anal vein usually
present. (Fig. 297). (Ceendgrion (=Agrion, auctt.), wide-
spr.; Ischniira, Enalligma, cosmop.; Pseudéigrion, indo-
austr.; Argia, Am.; Nehallénia, holarc., neotrop.; Chloro-
cnémis, ethiop.; Platycnémls, palezarc.). (Including PLAT Y-
CNEMIDAZ). (CENAGRIONIDA). .... .. CENAGRIIDE

Second branch of cubitus short, entering the wing margin before
the middle of the wing; first anal vein usually absent. (Noso-
sticta, Neosticta, Austr.; Protoneiira, neotrop.).

PROTONEURIDZE

. Last two branches of radial sector arising nearer to the nodus

than to the arculus; apical angle of discoidal cell obtuse, rarely

moreorlessacute. .. ... i
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Last two branches of radial sector (R4+5 and IR;) arising near
the base of the wing, closer to the arculus than to the nodus
(Fig. 292); discoidal cell drawn out to a very acute angle at
apex. (Léstes, cosmop.; Symp§cna, palaearc ; Archllestes,
Am.; Austroléstes, austr.) ...... o .LESTIDE
9. Nodus at the basal third or fourth of the Wlng pterostlgma regu-
lar in shape, short or long. (Megapodagrion, neotrop.; Argio-
léstes, Lestoidea, austr.; Podoléstes, austromal.).
_ MEGAPODAGRIIDE
Nodus at the basal sixth or seventh of the wing; pterostigma weak,
absent or of abnormal shape. (Fig. 296). (Pseudostigma,
Mecistogaster, Megaloprepus, Microstigma, Thaumato-
nelira, neotrop.) . ............... PSEUDOSTIGMATIDE
10. Wings without a distinct petiole at the base, the posterior margin
without any angulation basally near the arculus; antenodal
crossveins numerous between the costa, subcosta and radius. 11
Wings with a distinct petiole at the base, marked off by an angula-
tion of the posterior margin basally near the arculus; antenodal
crossveins few in number (seven or less) and sometimes absent
between the subcosta and radius. (Amphipteryx, neotrop.;
Diphlébia, neotrop., austr.; Devadatta, indomal.).
AMPHIPTER YGIDE
11. Sectors of arculus arising at or near the middle or below the
middle of the arculus; discoidal cell with the basal side not
longer than the apicalone. .. .......... ... ... .. .. .... 12
Sectors of arculus arising at the extreme upper end of the arculus
and thus attached to the radius; discoidal cell irregular, the
basal side longer than the apical one. (Thére, Eithore, Chal-

copteryx, neotrop.) .................... POLYTHORIDZE
12. Sectors of the arculus arising near the middle of the arculus;
pterostigma long and regular. .. ......... ... ... ... ..., 13

Sectors of the arculus arising from the lower third of the arculus;
pterostigma frequently imperfect or obsolete in the male;
whole wing, including the anal field, closely reticulate. (Agrion
(=Calépteryx) holarc.; Heeterina, Am.; Pentaphlébia,
Sapho, ethiop.; Vestalis, indomal.; Neurébasis, mdoaustr)
(CALOPTERYGIDE) .. e . AGRIIDE

13. Antenodal crossveins of the ﬁrst and second series nearly all cor-
responding; arculus much closer to the base of the wing than
to the nodus. (Pseudophea, indomal.; Dyspheea, mal.;
Anisopletira,ind.) ....................... EPALLAGIDAE
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Antenodal crossveins of the first and second series not correspond-
ing beyond the arculus; arculus often nearly as close to the base
of the wing as to the nodus. (Libellago, ethiop.; Rhinocypha,
indomal.; Dictérias, Heliocharis, neotrop.).

LIBELLAGINIDE

14. Antenodal crossveins of the first and second series (¢.e. above and
below the subcostal vein) not corresponding or continuous, ex-

cept for two greatly thickened ones that extend straight across

from the costa to the radius; triangles in fore and hind wings

alike or closely similar in shape and occupying the same posi-

tion with reference to the arculus in both wings; labial palpi
two-jointed. (Fig. 298). (Superfamily ZSCHNOIDEA). .. 15

Figs. 298-301. Odonata

298. Petalura, base of wings (Needham) Petaluridee.

299. Libellula, wings. Libellulidee.

300. Cordulegaster, tip of abdomen of female (Tillyard) Cordulegastridze.
301. Libellula, head; ant., antenna (Hyatt and Arms) Libellulidee.

Antenodal crossveins of the first and second series corresponding,
extending as straight continuous veins from the costa to the
radius, except sometimes the last one or two; none of these
crossveins greatly thickened; triangles of fore and hind wings
markedly different in form and position, placed much nearer
to the arculus in the hind wing than in the fore wing. (Super-
family LIBELLULOIDEA). .. ..............coiunn... 18

15. Eyes clearly separated above, usually by a broad space; anal loop
absent in hind wing or very imperfectly developed. (Fig.198). 16

Eyes meeting above, or separated by a very narrow space; anal
loop in hind wing clearly formed....................... .. 17
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16. Female with a well developed ovipositor; two of the crossveins
between the third and fourth branches of the radius (R; and
IR;) strongly oblique; anal angle of hind wing of male angu-
larly produced. (Fig. 298). Very large species. (Petaluira,
Austr.; Tachépteryx, holarc.; Phénes, neotrop.; Uropétala,
N.Zeal) ..o PETALURIDAE

Ovipositor reduced to a pair of valves attached to the eighth
segment; only one oblique crossvein between the third and
fourth branches of the radius; smaller species. (Gémphus,
Ophiogéomphus, holarc.; Lindénia, palsarc.; Erpetogoém-
phus, Am.; Ictinus, indoaustr.; Austrogémphus, austr.).

GOMPHID &

17. Third branch of radial vein (nodal sector) strongly arched below
the pterostigma; a thickened crossvein (brace vein) present
just below the base of the pterostigma; eyes almost always
contiguous for a long distance above. (Anax, cosmop. ; Zschna,
widespr.; Gynacantha, neotrop., ethiop., indoaustr.; Basi-
@schna, nearc.; Austrophlébia, austr.)...... AESCHNID A&

Third branch of radial vein gently curved; no brace vein; eyes
just touching or very slightly separated above; ovipositor long.
(Fig. 300). (Cordulegister, holarc.; Anotogaster, palearc.,
indomal.; Allogéster, indomal.). ... CORDULEGASTRIDZE

18. Triangle in fore wing not shortened, its upper side much more
than half as long as its basal side; anal angle of wing almost
always angulated in the male; posterior margin of eye slightly
lobed at middle. (Cordilia, holarc.; Somatochléra, holarc.,
austr.; Macromia, widespr.; Tetragoneuria, nearc.).

CORDULIID &

Triangle in fore wing greatly shortened, its upper side usually
less than half as long as its basal side; anal angle of wing rounded
in both sexes; hind margin of eye evenly rounded. (Figs. 299,
301). (Libéllula, Leucorrhinia, Sympétrum, holaic.; Pan-
tala, cosmop.; Crocéthemis, ethiop., indoaustr.; Tramea,
Am.; Celithemis, nearc.) LIBELLULID &

Nymphs?

1. Body slender, bearing three long tracheal gills attached to the tip
of the abdomen; these are usually leaf-like in shape and tra-
versed by conspicuous tracheal tubes (rarely much reduced

1 The following key will serve as an aid in determining the families, but must not b_e relied on
as infallible.
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in some Ccenagriide); lateral abdominal gills usually absent.
(Suborder ZYGOPTERA) ... ..o 3
Body stout, the abdomen not narrow; without tracheal gills at-
tached to the tip of the abdomen; the caudal gills concealed in
an enlargement of the rectum; tip of abdomen bearing three

spine-like or triangular processes. .. ..................... .2
Gizzard with four to eight dental folds. (Suborder ANISOP-
TERA) .o 12

Gizzard with sixteen dental folds; very rare Indian and Japanese
species. (Suborder ANISOZYGOPTERA).

EPIOPHLEBIID &
Mask bearing at least two pairs, and usually with numerous stiff
bristlesorsetee . ... 4

Mask destitute of seta both on the mentum and the lateral lobes. 6
Median lobe of mask incised; lateral lobes deeply cleft; caudal
gills with the secondary trachee lying at right angles to the
gill axis; legslong . . ... . .LESTIDZE
Median lobe of mask progectlng, not 1nc1sed legs short or moder-
ateinlength. .. ... .. .. ... .. .. ... ., 5
Caudal gills stalked, with pointed, leaf-like apical portion.
PSEUDOSTIGMATIDE
Caudal gills usually slender, lamellate, held in a vertical plane,
not clearly stalked, often distinctly constricted.
CENAGRIIDE
Second joint of antenne greatly lengthened, as long as or longer
than the following together. (Fig.302) ................... 7
Second joint of antenne not noticeably lengthened. .. ......... 8
Median caudal gill flat, much shorter than the lateral ones which
are triangularinsection. .. ..................... AGRIIDE
All three caudal gills of approximately the same size and shape.
SYNLESTIDE
Caudal gills strongly constricted at the middle. (Fig. 303).
PROTONEURIDE
Caudal gills not constricted at themiddle.. ................... 9
Abdomen with six or seven pairs of lateral gills; caudal gills
swollen, sac-like. .. ......... ... ... ... ... 10
Abdomen without lateral gills. ............................ 11
Caudal gills swollen, oblong, with sharply pointed tips.
EPALLAGIDAE
Caudal gills with the apex broad, not pointed.
POLYTHORIDAE
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11. Caudal gills broad and flat, leaf-like. . . . . MEGAPODAGRIIDE

Caudal gills not flat; rounded in cross-section and tapering to a
POINt « vt AMPHYPTERYGIDZAE

302
304
303

Figs. 302-311. Odonata, Nymphs

302. Synlestes, antenna of nymph (Tillyard) Synlestidee.

303. Isosticta, caudal gill of nymph (Tillyard) Protoneurids.

304. Aischnid, antenna of nymph (Howe) Aschnidse.

305. Aschnid, lateral view of head, with labium closed (Howe) Atschnidse.
306. Tachopteryx, lateral lobe of labium (Howe) Petaluride.

307. Gomphid, antenna (Howe) Gomphide.

308. ZHschna, lateral lobe of labium (Tillyard) Aischnidee.

309. Plathemis, labium, open (Garman) Libellulidz.

310. Libellulid, lateral view of head, with labium closed (Howe) Libellulidz.
311. Cordulegaster, labium, open (Garman) Cordulegastrids.

12. Antennz seven-jointed; tarsi of all legs three-jointed . . ... 13
Antennee four-jointed (Fig. 307); tarsi of front and mlddle legs
two-jointed; mask with flat median lobe; 'distal margin of
mentum not cleft .......................... GOMPHIDE

13. Labium forming a more or less spoon-shaped mask which covers
the ventral and sometimes also the front surface of the head

as far as the antenna (Fig. 310); setee usually numerous. .. .14
Labium flat, not forming a spoon-shaped mask for the lower sur-
face of the head (Fig. 305), almost always without setz. .. .. 16
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14. Lateral lobes of labium provided with a few large and irregular
teeth on the inner margin that interlock from the two sides
when closed; the median lobe divided at the tip by a median
emargination (Fig. 311); mask extending to the base of the
antennse . .............0e. el CORDULEGASTRIDE

Lateral lobes of labium variable in form, smooth, serrate, regu-
larly dentate or sometimes with a few long teeth, but in the last
case these do not interlock with those of the other side; median
lobe triangular, projecting, not bifid oremarginate. (Fig.309). 15

15. Teeth along inner margin of lateral lobes of labium deep or mod-
erate, thedentitionalways clearly marked; legs usually long, with
the hind femora longer than the width of the head; generally
large spec1es ............................ CORDULIIDE

Teeth on inner margin of lateral lobes of labium usually reduced
to crenulations or obsolete (in a few forms with long teeth the
mask is either greatly enlarged (Pantala) or the species are
very small (Tetratheminz®)) .............. LIBELLULID &

16. Antennz long and slender, the segments longer than wide (Fig.
304); lateral lobes of labium with a long movable hook (Fig.
308) ........ e ESCHNID &

Antennz short and stout, the segments wider than long; lateral
lobes of labium with a short movable hook (Fig. 306).

PETALURIDZE
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ORDER PLECTOPTERA
(EPHEMEROPTERA, EPHEMERIDA, AGNATHA)

Delicate insects with short, filiform antennze and vestigial mouth-
parts; abdomen slender, bearing two or three long, many-jointed caudal
filaments; four wings, usually with very complex venation. Head not
very freely movable, with the compound eyes and three ocelli present;
antennze with two large basal joints and a bristle-like, indistinctly
jointed terminal portion. Prothorax more or less free, small or very
small; mesothorax large. Fore wings much larger than the hind ones,
usually with many longitudinal veins and a great number of cross-
veins; commonly with numerous short longitudinal veins near the
margin that are not attached at the base; media more complex than in
other living orders, its anterior, convex branch preserved; hind wings
often very small or even absent. Abdomen slender, usually cylindrical
or tapering, with ten segments. Legs weak; tarsi usually with five or
four joints. Metamorphosis incomplete, the nymph aquatic and pro-
vided with abdominal gills and three caudal filaments. Aerial form
emerging from the nymph as a subimago which is similar to the imago,
but which molts when it transforms to the imago. Imaginal life very
short. Mayflies.

Adults

1. Base of media (M,,s) in fore wing strongly divergent from Cu; at
base; hind tarsi with four movable joints, or less; if a fifth joint
is indicated it is immovably united to the tibia. (Superfamily

EPHEMEROIDEA) ... ... ..ot 2
Base of media and Cu; parallel at base or very weakly divergent;
tarsi with four or five freely movable joints. .. .............. 5

2. Subcosta in fore wing concealed in a fold of the wing membrane,
visible only at the base; branches of the radius and media ap-
proximated in pairs; wings dull, translucent; legs of female short
and weak; tibiee and tarsi of male transversely striated; only
two caudal filaments. (Palingénia, Anagenésia, palsarc.;
Plethogenésia, indoaustr.) .............. PALINGENIIDE

Subcosta completely developed, visible for its entire length. .. .. 3

3. Wings translucent, subopaque in the male, entirely opaque in the
female; hind margin of wings without unattached veinlets; legs
weak, the front pair sometimes long in the male; hind legs al-
most always short and weak. (Euthyplécia, neotrop., ethiop.;
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Exeuthyplocia, Povilla, ethiop.; Campsiirus, neotrop.;
Polymitéarcys, widespr.) ............. POLYMITARCIDZE .
Wings transparent, shining; margin of wings, especially the hind
pair, with numerous short unattached veinlets; legs strong,
functional ... ... ... 4
4. First branch of cubitus in fore wing simple, not branched, but
connected with the wing margin by numerous crossveins; fork
of Rpand R4in hind wing much longer than its stalk. (Ephém-
era, holarc., indoaustr.; Hexagénia, Am., ethiop.; Eatonica,
ethiop.; Pentagénia, nearc.) .............. EPHEMERID &
First branch of cubitus in fore wing forked; not connected to the
wing margin by crossveins; fork of Ry and R4 in hind wing
shorter or no longer than its stalk. (Potaméinthus, holarc.;
Rheninthus, palzarc.,, indoaustr.; Potamanthodes, in-
domal) ....... ... .. POTAMANTHIDE
5. Hind tarsi with four freely movable joints; if with the indication
of a fifth joint, thisis immovably attached to the tibia. (Super-
family BAETOIDEA) . .. ...ttt 6
Hind tarsus with five freely movable joints.................. 10
6. Subcosta in fore wing fused with the radius or wanting, at most
visible at the base; wings milky or grayish, with very simple
venation, the fore wing with only four to seven longitudinal
veins, with crossveins in only from two to five of the anterior
spaces; hind wing without or with very few crossveins which
are restricted to the anterior part; large or medium sized
species. (Fig. 314). (Oligonetiria, palzarc., neotrop., ethiop.;
Homonetlria, Lachlania, nearc.; Spaniophlébia, Noya,
neotrop.; Elassonedria, ethiop.)....... OLIGONEURIIDE
Subcosta in fore wing free, well developed and visible for its entire
length . ... 7
7. Anterior median vein in fore wing (M A) clearly forked. ........ 8
Anterior median vein in fore wing, simple, not forked, although
behind it are two free veins which are not attached at the base
(Fig. 313); fore wing usually with few crossveins; hind wings
very small and narrow, sometimes absent, with at most two or
three longitudinal veins. (Cloeon, cosmop.; Baétis, widespr.;
Centréptilum, holarc.,ethiop.; Callibagtis, Am.).. BAETID &
8. Wings milky or infuscated, ciliate on the hind margin; hind wings
absent, although sometimes present in the subimago; no un-
attached intercalated veins; frequently with only a few cross-
veins; small species. (Fig. 316). (Caénis, widespr.; Tricory-
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phodes, Leptéhyphes, Am.; Leptohyphddes, neotrop.;
Tricérythus, ethiop.). (Including PROSOPISTOM ATID AE?).
(BRACHYCERCIDE). ............covceeen... CAENIDZE
Wings hyaline; hind wings almost always present; wings with
numerous crossveins

74
e W i e e e

7 L
et

Figs. 312-318. Plectoptera

Baetisca, wings (Eaton) Baetiscidze.

Baetis, wings (Eaton) Baetidse.
Oligoneuria, wings (Eaton) Oligoneuriids.
Ephemerella, wings (Eaton) Ephemerellidz.
Caenis, wing (Eaton) Caenidse.
Chirotenetes, wings (Needham) Siphluridze.
Atalophlebia, wings (Eaton) Leptophlebiide.

Second branch of cubitus in the fore wing usually widely separated
at base from the first branch, but lying close to the first anal
vein; no unattached intercalated veins between the media and
cubitus and none in front of the posterior branch of the media.
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(Fig. 318). (Thratlus, palzarc., neotrop., indoaustr.; Atalo-
phlébia, neotrop., indoaustr.; Habrophlébia, Leptophlébia,
holarc.; Adenophlébia, ethiop.) ... ... LEPTOPHLEBIIDE
Second branch of cubitus in fore wing approximate at base to the
first branch, but widely separated from the first anal vein;
several (usually two) unattached intercalated veins between the
media and cubitus and also in front of the posterior branch of
the media. (Fig. 315). (Ephemerélla, Chitonéphora, hol-
arc.; Drunélla, nearc.; Melanomerélla, neotrop.; Teloga-
nodes, indoaustr.) . .................. EPHEMERELLIDZE
10. First and second branches of the cubitus running more or less
parallel to the first anal vein; Cu; and Cu; connected by cross-
veins, but the cubital area without paired crossveins or sinuous
veins extending to the wing margin; hind wings rounded, with
numerous long intercalated veins extending to the posterior
part of the wing margin; prothorax very small. (Fig. 312).
(Baetisca,nearc.) ......................... BAETISCIDAE
First and second branches of the cubitus very close together at
base and strongly divergent apically, the second branch much
shorter than the first and strongly curved backwards towards
apex, hind wings oval; pronotum well developed. .. ......... 11
11. Cubital area of fore wing with a number of more or less sinuous
veins extending from the first branch of the cubitus to the wing
margin. (Fig.317). (Amelétus, holarc., austr.; Chiroténetes,
Siphlurus (=Siphloniirus), holarc. ; Siphlonisca, nearc. ; Onis-
cigaster, indoaustr.). (SIPHLONURID.E).. . SIPHLURIDE
Cubital area of fore wing without oblique sinuous veins extending
from the first branch of the cubitus to the wing margin, but
with from two to four straight unattached veins more or less
parallel to the branches of the cubitus. ................... 12
12. Only two unattached intercalated veins in the cubital area of the
fore wing; if sometimes with a second pair indicated, these are
short and lie close to the second branch of the cubitus; two or
three caudal filaments. (Amétropus, Métropus, palzarc.).
AMETROPODID &
Four unattached intercalated veins in the cubital area of the fore
wing, the longer pair lying close to the second branch of the
- cubitus; two caudal filaments. (Heptagénia, Epedrus, hol-
arc.; Iron, nearc., Ecdyoniirus, palearc., Am_; Rhithrégena,
paleearc.; Atopopus, indoaustr.). (ECDYONURIDE). -
HEPTAGENIIDA
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Nymphs

. Abdominal gills visible at their insertion above or on the sides
of theabdomen ............... ... . ... ... ..., 2
Gills entirely concealed by a large shield-like prolongation of the
thorax behind which covers most of the abdomen. (Fig. 319).

Imago unknown. (Prosopistoma, palzarc., ethiop.).
PROSOPISTOMATID A
. Mandibles usually very long and extended anteriorly; six or seven
pairs of plumose gills, the first sometimes much reduced; legs
stout . .. 3
Mandibles very short, not extended anteriorly; gills not plumose;
legsslender ......... ... 6
. Mandibles extremely large and projecting far beyond the head in
front; gills extended dorsally over the abdomen. .. .. ... 4
Mandibles much shorter, but slightly projecting in front of the
head; gills extended laterally, away from the abdomen. (Fig.
821) . e POTAMANTHID &
. Front with two tubercles anteriorly; mandibles curved outwards
at tips; antenna with long cilia............ EPHEMERIDZE
Front without tubercles; mandibles curved downwards at tips;
antenng without or with shorteilia . ...................... 5
. Body short and stout; six pairs of similar gills; caudal filaments
short, the median one shorter than the lateral ones. (Fig. 325).
PALINGENIID&E
Body long and slender; seven pairs of gills, the first pair much
reduced in size; anal filaments long, of equal length. (Fig. 320).

POLYMITARCIDZE

. Body strongly flattened, the head orbicular, or more or less trans-
verse, the eyes placed on its dorsal surface................. 7
Body more or less cylindrical, not or very slightly flattened, the
eyes placed at the sides of thehead. ....................... 8

. Gills uniform, extending from the sides of the abdomen; anal
- filaments at least as long as the body. .. ... HEPTAGENIIDE

First pair of gills inserted on the under side of the first abdominal
segment, the six following pairs extended from the sides of the

abdomen ........... ... .. il OLIGONEURIIDZE
. Lateral caudal filaments (cerci) fringed on both edges. .. ....... 9
Lateral caudal filaments ciliated on the inner border only. ... . 11

. Seven pairs of gills, inserted laterally at the sides of the abdomen;
sometimes all are filamentous or the first is much reducefl and
the others leaf-like. (Fig. 324)......... LEPTOPHLEBIID &
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Figs. 319-326. Plectoptera, Nymphs

Prosopistoma, nymph (Rousseau) Prosopistomatide.;
Polymitarcys, nymph (Rousseau) Polymitarcide.
Potamanthus, nymph (Rousseau) Potamanthids.
Ephemerella, nymph (Rousseau) Ephemerellidee.
Baetis, nymph (Rousseau) Baetids.

Habrophlebia, nymph (Rousseau) Leptophlebiidee.
Palingenia, nymph (Rousseau) Palingeniidz.
Tricorythus, nymph (Rousseau) Caenids.
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Five or six pairs of gills, inserted dorsally at the sides of the
~ abdomen
10. Six pairs of gills, the first very small, the second greatly enlarged
and covering the following pairs which bear a long fringe. (Fig.
326) CAENIDE
Five pairs of gills, the last or the last two pairs not visible. (Fig.
322) EPHEMERELLID &
11. Body cylindrical; head bent downwards; hind corners of abdomi-
nal segments not produced. (Fig. 323) E
Body more or less flattened; head horizontal or nearly so; hind
corners of abdominal segments produced backwards to form a
tooth-like projection
12. Claws not longer than the tibiz. .: SIPHLURID &
Claws of four posterior legs stout, as long as their tibise, those of
the front legs bifid at tips AMETROPODID &
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pp. 91-138 (1927).
Earon, A. E. Revisional monograph of recent Ephemeride. Trans. Lmn
Soc. London, (2), 3, (1883-85). :
Ephemeride. In Biologia centrali-Americana, pp. 1-16 (1892).
Gros, A. J. and Lestacg, J. A. Contribution a P'étude des larves des Ephémér-
optéres. Ann. Biol. Lacust., 15, pp. 123, 133, 136, 161 (1927).
KrarAirexk, F. Ephemerida: Stiswasserfauna Deutschlands, Lief. 8 (1909).
Lustacs, J. A. Notes sur les Ephémeéres de la “Monographical Revision” de
Eaton. Ann. Soc. Entom. Belgique, 64, pp. 33—-60 (1924).
Les Ephéméroptéres de la Belgique. Bull. Ann. Soc. Entom. Belgique,
68-69 (several parts).
Contribution a étude des larves des Ephéméres paléarctiques. Ann.
Biol. Lacust., 8, pp. 213-457 (1918).
NeepaAM, J. G. Ephemeride of New York. Bull. New York State Mus.,
No. 86, pp. 17-62 (1905).
Rousseavu, E. Les larves et nymphes ‘a,quathues des insectes d Europe, Vol. 1,
pp. 162-273 (1921).
SeEmaN, T. M. Dragonflies, Mayflies and Stoneflies of southern California.
Pomona Journ. Entom. and Zool., 19, pp. 1-69 (1927).
TimprL, R. Die Geradefligler Mitteleuropas. (Plectoptera, pp. 73-108) (1901).
ULmer, G. Ubersicht iiber die Gattungen der Ephemeropteren. Stettiner
Entom. Zeit., 81, pp. 97—144 (1920).
Verzeichnis der deutschen Ephemeropteren. Konowia, 6, pp. 234-262
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ORDER PLECOPTERA
(PERLARIA)

Body soft, of moderate or large size; four membranous wings, usu-
ally with many veins and numerous crossveins, rarely reduced in size;
anal area of hind wing large and pleated, usually separated by a notch
from the rest of the wing. Head broad and flattened; mandibles either
well developed or much reduced; antenna long, thread-like; three
ocelli; cerci usually long and many-jointed. Prothorax large, free; legs
strong, tarsi three-jointed. Nymphs aquatic, commonly with tracheal
gills; antennze long, much like those of the adults; eyes well developed;
ocelli present; cerci usually long, many-jointed. Metamorphosis
slight. Stoneflies, Salmon-flies.

Adulis

1. Hind wing with an anal lobe (Figs. 327, 330) which is separated
by a notch or indentation on the outer margin just behind the
cubital vein (Cuz); no meshwork of delicate crossveins on anal
lobe . .o 2

Hind wing with the outer margin entire, not notched; anal lobe
without meshwork of fine veins. (Fig. 331). (Stenopérla,
Eusthénia, austr.,neotrop.). (Including GRI POPTERYGID A,
PAT) © o EUSTHENIIDE

2. Anterior coxe closely approximated; mandibles very weakly de-
veloped; wings with crossveins except in the anal lobe of the
hind pair, the anal area of the fore pair with two or more full
rows of crossveins (Pteronarcys) ....... PTERONARCIDZ

Anterior coxse widely separated. ................ ... .. ... 3

3. Mandibles reduced to a weak blade; clypeus and labrum concealed
under a frontal shelf; third joint of tarsi much longer than
the other two together. (Figs. 327, 328, 332). (Pérla, Isop-
teryx (=Chloropérla)). (Including PERLODIDE). PERLIDZE

Mandibles well developed, clypeus and labrum not covered by a
frontal shelf; third joint of tarsi shorter than the other two
together . .. ... 4

4. Fore wing with three anal veins, the first one lying very close to the
second branch of the cubitus. Australian. (Tasmanopérla).
(Including GRIPOPTERYGID.Z, part.. . AUSTROPERLID &

Fore wing with only two anal veins, the posterior one sometimes
forked . .. oo 5
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5. Both wings with the radius, media and cubitus connected near the
“middle of the wing by a transverse cord or continuous series of

transverse veins; usually no crossveins present distal to this.
(Fig.830) .. oee et e e 6

Figs. 327-332. Plecoptera

327. Isopteryx Perlide.

328. Perla, tarsus. Perlidee.

329. Perla, nymph (Pictet) Perlidee.

330. Notonemoura, wings. Nemouridz.

331. Stenoperla, wings (Tillyard) Eustheniide.
332. Perla, wings. Perlidz.

No such transverse cord near the middle of the wing; distal por-
tion of wing with crossveins. Australian, neotropical. (Lep-
topérla, Dinotopérla). (Including GRIPOPTERYGIDA,
PATE) « oot e e LEPTOPERLIDAE

6. Cerci very short, sometimes reduced to a single joint, never with
more than ten joints; last anal vein in fore wing forked beyond
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the anal cell. (Nemotira, Letuctra). (Fig. 330). (Including
TENIOPTERYGIDAE and LEOCTRID ). . NEMOURID &
Cerci long, many-jointed; both anal veins simple. (Capnia,
holarc.; Capnélla, Capnira, nearc.) CAPNIIDE

. Visible gills present
No visible gills
. Gills present on the thorax
Gills on the abdomen, but none on the thorax
. Gills on the thorax and also on the underside of abdominal seg-
ments 1 and 2, or 1 to 3 PTERONARCID.E
Gills present on thorax only
. Gills on the underside of the prothorax only
Gills on all three thoracic segments. . et B Y
. Three pairs of gills in the form of ﬁlamentous tufts on the pleurae,
legs densely fringed with long hairs .Some PERLID &
A pair of tubular gills at the base of each coxa.
A few NEMOURID &
. Gills a series of paired latero-ventral abdominal appendages on
segments 1 to 5 or 1 to 6; large species.. .. .EUSTHENIIDZE
Gills a rosette of small filaments surrounding the anus.
LEPTOPERLIDE
. Palpi with the apical joints more slender than the basal ones
(Fig. 329) PERLIDAE
Palpi with the apical joints as stout as the basal ones
. Second joint of tarsi very much shorter than either the first or
NEMOURIDE
Second joint not very short '
. Third joint of tarsi not longer than the first and second together;
cerci glabrous, as long as the body Some NEMOURID &
Third joint of tarsi twice as long as the ﬁrst and second together.
CAPNIIDAE

LITERATURE ON PLECOPTERA
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Frison, T. H. Fall and Winter Stoneflies or Plecoptera of Illinois. Bull. Illi-
nois Nat. Hist. Surv., 18, pp. 345-409 (1929).

Krapirex, F. Die Plecoptera. Coll. Zool. Selys-Longchamps, fasc. 4 and 44,
266 pp., Brussels (1912-23).
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MacLacrraN, R. Monograph of the British Neuroptera Planipennia. Trans.
London Entom. Soc., 1868, pp. 145-224 (1868).
NeepaAM, J. G. and BroucHTON, E. Central American Stoneflies. Journ.
New York Entom. Soc., 35, pp. 109-120 (1927).
NeepaAM, J. G. and Craassen, P. W. A Monograph of the Plecoptera or
Stoneflies of America North of Mexico. 397 pp., Lafayette, Indiana (1925).
ScaoENEMUND, E. Plecoptera. In Tierwelt Mitteleuropas, 4, Lief. 2, pp. V
1-18 (1928).
Die Larven der deutschen Perla-Arten. Entom. Mitt., 14, pp. 113-121
(1925).
SeeMaN, T. M. Dragonflies, Mayflies and Stoneflies of Southern California.
Pomona Journ. Fntom. and Zool., 19, pp. 1-69 (1927).
Sy, L. W. Studies in North American Plecoptera. (Pteronarcine and
Perlodini). Trans. American Entom. Soc., 43, pp. 433—-489 (1917).
Trryarp, R. J. A new classification of the Order Perlaria. Canadian Entom.,
53, pp. 35-43 (1921).
Revision of the Family Eustheniide. Proc. Linn. Soc. New South Wales,
46, pp. 221-226 (1921).
The Stone-flies of New Zealand. Trans. New Zealand Inst., 54, pp.
197-217 (1923).

ORDER MEGALOGPTERA

(SIALOIDEA)

Soft-bodied species with large wings, long and sometimes pectinate
antenne and simple, similar legs. Costal cell with many transverse
veins, subcosta and first radius simple, apically fused, the radial sector
arising near the base; hind wings with the anal space normally large,
folded fan-like when at rest. Prothorax quadrate. Metamorphosis
complete; larvee aquatic, living in freshwater streams; predatory,
mandibulate, possessing lateral abdominal gill-filaments; wings ap-
pearing in the pupal stage; no cocoon.

Adults

1. Three ocelli present; fourth joint of the tarsi simple, not bilobed;
venation regular, with the crossveins weakly formed, branches
of the radial sector directed backward; large or medium sized
species, 45 to 100 mm. in wing expanse. (Figs. 333, 335). (Ar-
chichaulidodes, Austr.; Chauliddes, Neohérmes, Cor§dalis
(Dobson, Hellgrammite), Am.; Neochauliddes, indomal.;
Hérmes, Nelromus, Protohérmes, Neoneliromus, Asia).

CORYDALIDAE
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Ocelli absent; fourth joint of the tarsi prominently bilobed; some
of the branches of the radial sector directed forward; medium
sized species, 20 to 40 mm. in wing expanse. (Fig. 334). (Proto-
sialis, Am.; Austrosialis, Stenosialis, Austr.; Sialis, holarc.).
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Figs. 333-335. Megaloptera

333. Corydalis, wings. Corydalide.
334. Austrosialis, wings (Tillyard) Sialide.
335. Chauliodes, wings. Corydalide.

Larvae
1. Eight pairs of lateral gills; a pair of hooked anal prolegs, but no
terminal filament ... CORYDALID A&
Seven pairs of lateral gills; no anal prolegs; terminal filament
present

LITERATURE ON MEGALOPTERA

(See also general papers on Neuroptera)

Barnarp, K. H. Cape Megaloptera. Trans. Roy. Soc. South Africa, 19,
pp. 169-184 (1931).

Davis, K. C. Sialididee of North and South America. Bull. New York State
Mus., No. 68, pp. 442-487 (1903). )

EsBEN-PETERSEN, E. Megaloptera. Gen. Insectorum, fase. 154 (1913).

Strrz, H. Megaloptera. In Tierwelt Mitteleuropas, 6, Lief. 1, pp. XIV 1-2
(1928).

WeeLe, H. W. Megaloptera. Coll. Zool. Selys-Longehamps, fase. 5, Brussels
(1910).

ORDER RAPHIDIODEA

(RAPHIDIOIDEA, EMMENOGN ATH A, part.)

Moderate-sized, slender, predatory species with elongate cylindrical
prothorax; head large, nearly horizontal, mandibles strong, antennza
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long and thread-like; ovipositor long; cerci not developed; wings mem-
branous, both pairs similar, with numerous forkings, the costal cell
with crossveins, subcosta not fused with the first radial; legs similar,
the first pair attached at the base of the prothorax, tarsi five-jointed.
Metamorphosis complete; larvee terrestrial. Snake-flies, Serpent-flies.
A single family. (Inocéllia, holarc. (Fig. 337); Raphidia, paleearc.,
Am. (Figs. 336,338) ..., RAPHIDIID &

Figs. 336-338. Raphidiodea

336. Raphidia, head and prothorax of female (Albarda) Raphidiidz.
337. Inocellia, head and prothorax of female (Albarda) Raphidiidee.
338. Raphidia, wings (Handlirsch) Raphidiidze.

LITERATURE ON RAPHIDIODEA

ArBarDA, H. Revision des Raphidides.” Tijd. Entom., 34, pp. 65-184 (1891).

EspEN-PETERSEN, E. Raphidide. Gen. Insectorum, fase. 154, 13 pp. (1913).

Navis, L. Monografia de 'orde dels Rafidiopters. Arch. Inst. Catalans,
Barcelona, 93 pp. (1918).

Strrz, H. Raphidiodea. In Tierwelt Mitteleuropas, 6, Lief. 1, pp. XIV 24
(1928).

ORDER NEUROPTERA

(SYNISTATA, part., DICT YOPTERA, part.)

Small to rather large, slender, predaceous insects with large wings,
but of slow flight. Head free, vertical, eyes prominent, mouth inferior,
mandibles strong; prothorax more or less freely movable and promi-
nent, meso- and metathorax not closely grown together; abdomen
long and narrow, the first sternite reduced, no cerci; wings similar,
membranous, no large anal field; when at rest the wings usually lie
roof-like over the abdomen, longitudinal veins almost always very
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numerous through repeated branching, costal cell almost always with
crossveins. Metamorphosis complete, larvee terrestrial, aquatic only
in Sisyride, strongly mandibulate, the mandibles and maxillz special-
ized for sucking the body juices of the insect prey; pupz in cocoons.

1. Veins and usually crossveins abundant, radial sector with several
branches or forkings; wings not covered with a whitish powder. 2
Veins and crossveins few in number, the radial sector at most only
forked; wings covered with a whitish powder; very small,
slender, pale-colored rare species, of 3 to 10 mm. wing expanse.

(Superfamily CONIOPTERYGOIDEA).
CONIOPTERYVGID&E

The following subfamilies are distinguished:

. Outer lobe of maxilla three-jointed; abdomen with four to six
pairs of everted ventral pouches; stem of media of fore wings
usually with two thickenings which bear bristles. (Aleurép-
teryx, palzarc.; Coniocémpsa, Helicoconis, holarc., austr.,
neotrop.; Heteroconis, austr.) ... ALEUROPTERYGINZE

Outer lobe of maxilla with only one joint; abdomen without ven-
tral pouches; stem of media of fore wings without thickenings
bearing bristles. (Coniépteryx, Parasemidalis, widespr.;
Conwéntzia, holarc.; Niphas, neotrop.; Semidalis, palearc.,
Am. ethiop.) ......................CONIOPTERYGINE

. Large, stout, showy, moth-like, cursorial species, of 30 to 70 mm.
wing-expanse; costal aiea not broad, Sc, R and R not forming
a distinct triple vein; head small and closely set on the pro-
thorax; antenna long and filiform, and tapering in both sexes,
40- to 50-jointed; abdomen of the male terminating in large
forcipate appendages; ovipositor not exserted (Fig. 339).
(Superfamily ITHONOIDEA). (Ithone, Vérnia, austr.;
Olidrces, Calif.; Rapisma, Asia) ITHONIDAE
Small to large, but not moth-like insects, except the showy Psy-
chopsidee which have a very broad costal area and distinctive
triple vein; otherwise differing
. Antenn never enlarged toward the end, moniliform or filiform,
rarely pectinate; Cu usually ending near or before the middle
of the wing and without a straight longitudinal branch behind

Antenne at least thickly cylindrical, variable in length, usually
gradually enlarged toward the end, or filiform with clavate end;
at least the discal portion of the wings densely reticulate, Sc
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and R, apically fused, Cu ending in the apical part of the wing
and commonly with a long straight branch behind Cu,. (Super-
family MYRMELEONTOIDEA) . ...................... 16
4. Hind wings not longer than the fore wings, the two pairs similar
in form and venation. (Superfamily HEMEROBIOIDEA). .5
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Figs. 339-344. Neuroptera

339. Ithone, Outline of body and wings (Tillyard) Ithonidze.
340. Mantispa, head and thorax from above. Mantispide.
341. Mantispa, raptorial front leg. Mantispidz.

342. Dilar, wings (Handlirsch) Dilaride.

343. Mantispa, wings (Handlirsch) Mantispide.

344. Chasmoptera, wings (Tillyard) Nemopteridee.

Hind wings greatly elongate and ribbon-like, often with widened,
spoon-like ends; head usually rostrate. (Fig. 344). (Superfam-
ily NEMOPTEROIDEA). (Chasméptera, Austr.; Croce,
paleearc., ethiop., Austr.; Nemdptera, Nina, palaearc.;‘Nemo-
pistha, Nemopterélla, ethiop.)......... NEMOPTERIDZAE

5. Frontlegs normal, notraptorial. ............................6

Front legs strong, formed for seizing prey, their coxe elongate,
femora robust and spined, and tibiee curved to meet femora;
prothorax usually greatly lengthened; antenns short; wings
rather narrow. (Figs. 340, 341, 343). Mainly tropicopol. (Cli-
maciélla, Drepanicus, Symphrasis, neotrop.; Ditaxis,
Austr.; Mantispa, cosmop.; Eucliméicia, ethiop., austro-mal.).

MANTISPIDAE
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6. Fore wings with two or more branches or Ry arising from the

apparently fused stemsof Riand Rg. .. ........ ... ... ... 7

Fore wings with all the branches of Ry arising from a single
SECHOT . .. e 9

7. Antenne moniliform in both sexes; ovipositor not projecting;
crossveins few;ocelliabsent. .. ........................... 8

Antennee of male coarsely pectinate; ovipositor exserted; vertex
with three prominent ocellus-like tubercles; crossveins numer-
ous; rather small species. Cosmopol. (Dilar (Fig. 342), Lidar,
Eur.; Nallachius, Am.; Népal, Asia) ......... DILARIDAE

£

Figs. 345-346. Neuroptera

345. Micromus, wings (Tillyard) Hemerobiidz.
346. Psychopsella, outline of body and wings (Tillyard) Psychopsidee.

8. Fore wings with three or more branches of the radial sector pres-
ent, veins R4 and Rj arising separately. (Fig. 345). Cosmopol.
(Boriomyia, Drepanépteryx, Gayomyia, Hemerdbius,
Magalomus, Micromus) ............... HEMEROBIID &

Fore wings with apparently two radial sectors, one of which is
R .3 and the other Ry5. Widespread. (Eurébius, Pséctra,
Spadobius, Sympherdbius) ......... SYMPHEROBIID &

9. Rather large, moth-like species, with broad wings, the costal
area of the fore wings very wide, Sc, R; and R, closely parallel,
forming a chitinized triple midrib and fusing at the apical fourth
of the wing; antennz short; rare, nocturnal species. (Fig. 346).
(Psychépsis, Megallanes, Austr.; Psychopsélla, Arteriép-
teryx, Psychéphasis, ethiop.; Megapsychops).

- PSYCHOPSIDZE
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Not moth-like, wings not broadly rounded, with normal costal area
and without the above-described prominent triple vein ... 10
Ocelli present; discal area of thé wings with many crossveins,
marginal area with no crossveins but with many forked vein-
lets; moderate to large, slender species. Widespr., but not
North American. (Buporismus, @désmylus, Osmylus,
Porismus, Spilésmylus) ................... OSMYLID &
Ocelliabsent . ........couutiii e 11
Humeral crossvein forming a recurrent vein; discal area of the
wings with a simple graduate series of crossveins, and distinct
from the costal and marginal areas which have very many
forked veinlets; Sc and R, fused near wing-tip; vertex convex;
antennz moderate in length; rather large, nocturnal species,
wing-expanse 40 to 75 mm. (Polystechotes, N. Am.).
POLYSTECHOTIDE
No recurrent vein at the humeral angle of the wings; discal area
of the wings not differentiated from the marginal area; antennae
longer than the head and thorax; smaller species. ........... 12
Vertex convex; wing venation relatively simple, radial sector of
fore wings without definitive accessory veins, Sc and R, coal-
esced near tip of wing, costal crossveins not forked, r-m cross-
vein of hind wings in the axis of the wing; size small, 6 to 8
mm. in length;larvee aquatic, feeding on freshwater sponges.
(Fig. 348). Spongilla-flies. (Climacia, nearct.; Neurérthrus,
Sisyrélla, paleearct.; Sisyra, holarct.)........... SISYRIDE
Vertex flattened; the single radial sector in the fore wings with
definitive accessory veins; hind wings with the r-m crossvein
oblique or transverse; size larger. .. ........... .. ... . ..., 13
Costal crossveins not forked, Sc and R, free at the tip, Rs swinging
away from R;, the cell R; broad and containing many cross-
veins; wings rounded, not faleate. .. ............ ... ... 14
Costal crossveins forked, cell R, narrow and almost devoid of
crossveins, apical portion of the hind margin of the fore wings
sometimes widely notched, leaving the apex more or less acute
(the falcate condition); wings and body hairy, especially the
hind margin of the wings. ............ ... ... ... ... ..., 15
Wings of nearly equal width, a crossvein placed near base of the
subcostal cell, less than thirty crossveins in the costal cell before
the stigma. (Fig. 351). Green lacewings, Stink-flies; the larvee
are Aphis-lions. Cosmopolitan. (Allochrysa, Chrysdpa,
Meledma, Nothochrysa) . ............... CHRYSOPIDE
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Fore wings distinctly wider than the hind pair, no crossveins near
the base of the subcostal cell, more than forty costal crossveins
before the stigma. (Fig. 349). Austr., Malay. (Apochr¥sa,
Oligochrysa) : APOCHRYSIDE

Figs. 347-351. Neuroptera

347. Trichoma, outline of body and wings (Tillyard) Trichomatidee.
348. Sisyra, wings (Tillyard) Sisyridee.

349. Oligochrysa, fore wing (Tillyard) Apochryside.

350. Protobiella, wings (Tillyard) Berothidee.

351. Chrysopa, wings (Tillyard) Chrysopidee.

15. Fore wings with Sc and R fused before the wing-tip; peculiar seed-
like scales often present on some part of the wings.  (Fig. 350).
(Acroberdtha, ethiop., Ind.; Berdtha, indomal.; Isoscelip-
teron, palzarc.; Lomamyia, Am.; Cycloberdtha, austr.).

BEROTHIDE
Fore wings with Sc and R not fused apically; hairs of body and
wings conspicuously long. (Fig. 347). (Stenobiélla, Tri-

choma, austr.). ...................... TRICHOMATIDE
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'16. Wings about one-third as wide as long, costal area wide, marginal
veinlets forked, subcostal cell with many crossveins; antennz
long, cylindrical. (Myiodactylus, Osmylops, austr.).

_ - MYIODACTYLIDAE
Wings much narrower, the marginal area at least in large part
closelyreticulate . ................ ... ... ... ..., 17

17. Antennee elongate cylindrical; subcostal area with many cross-
veins. (Austronymphes, Nymphes, Nymphidion, austr.).

NYMPHIDAE
Antennge more or less distinctly clavate, or apically swollen or
flattened; subcostal cell without crossveins. .. ............. 18

18. Antenne about as long as the head and thorax; wings usually with
an elongate narrow cell immediately behind the point of fusion
of Scand Ry . ... 19
Antennz long, slender, strongly clavate apically; eyes usually
divided into two parts by a groove; no elongate hypostigmatic
cell differentiated. Widespread, mainly tropical. (Acmondtus,
austr.; Ascalaphus, palzarc.; Colobépterus, Am.; Hybris,
indomal.; Neurdptynx, nearc.; Suhpalicsa, ethiop., indo-
austr.; Ululodes, Am.; Nephoneiira, ethiop.).
ASCALAPHID &
19. Antennee weakly clubbed, or flattened at tip; hypostigmatic cell
elongate; body and wings pubescent; weak fliers. Larvee are
called ant-lions or doodle-bugs. Widespread, mainly tropical.
(Brachynemiirus, Creigris, Dendrdleon, Formicileo, Hes-
perdleon, Myrméleon, Palpares, Protopléctron). (MY R-
MELEONIDAE) ........ccccon... MYRMELEONTID &
Antenne strongly clubbed; hypostigmatic cell variable; abdomen
and wings shining; crepuscular, strong fliers, superficially re-
sembling dragonflies. (Stilbopteryx, austr.).
STILBOPTERYGIDZE
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Revision of the Family Ithonide. Proc. Linn. Soc. New South Wales,
44, pp. 414437 (1919).
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(1908).
WiteycomBe, C. L. A Contribution towards a Monograph of the Indian
Coniopterygide. Mem. Dept. Agrie. India, 9, pp. 1-19 (1925).

ORDER MECOPTERA

(PANORPATA, PANORPINA, MECAPTERA)

Small or moderate-sized, rather slender, insects with the head
nearly always prolonged downwards to form a sort of beak. Eyes
large; ocelli present or absent; mandibles small. Wings usually present,
almost always long and narrow, similar; radius extensively branched;
media and cubitus with few branches; crossveins only rarely numerous;
anal area almost always very small, not separated; wing surface with-
out scales. Antenng long, many-jointed, slender. Prothorax small,
free; meso- and metathorax similar. Legs long, slender, similar, fitted
for running; coxz large, pendant and approximate; tarsi five-jointed.
Abdomen usually slender; cerci small; genitalia of male usually greatly
swollen, forming a reflexed bulb. Metamorphosis complete, the larvee
caterpillar-like. Scorpion flies.

1. Tarsi slender, filiform; the apical joint bearing two claws and not
capable of folding back on the fourth
Tarsi each with a single claw; the apical joint modified for grasp-
ing, the fifth joint folding back on the fourth; legs extremely
long and slender, wings usually present. (Bittacus, cosmop.;
Neobittacus, Kalob1ttacus, Pazius, neotrop.; Harpobltta-
cus, Austr.) (BITTACUSID.E) BITTACIDE
2. Wings well developed; female without a distinet ovipositor; labial
palpi long
Wings vestigial, bristle-like (male) or scalellike (female); small,
black or very dark colored species. (Béreus, holarc.).
BOREIDZE
3. Radial sector and media both with more than four branches;
radial sector arising close to the base of the wing; media branch-
ing much before the middle of the wing; wings short and broad,
with rather dense venation; body depressed; male genitalia
simple, not forming a bulb
Radial sector or media, or both with four branches or less; radial
sector arising at or beyond the basal third of the wing; media
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branching at about the middle of the wing; wings long and slen-
der, with rather open venation; body more or less cylindrical;
male genitalia enlarged, forming a swollen bulb. (Figs. 353,
354,355) ................................. PANORPIDE

This family is divisable into three well-defined subfamilies which
are accorded family rank by some workers.

364

3566

Figs. 352-355. Mecoptera

352. Notiothauma, wings (Crampton) Notiothaumidz.
353. Panorpa, head, lateral view (Packard) Panorpide.
354. Panorpa, head, frontal view (Packard) Panorpide.
355. Panorpa, wings. Panorpide.

a. First branch of cubitus in fore wing fused with the main stem of
media for a greater or less distance. .......................b
First branch of cubitus in fore wing entirely free from the main
stem of the media; media four branched in both wings; radial
sector usually with more than'four branches. (Panérpa, pa-
leearc., Am.; Panorpodes, holarc.; Neopandrpa. Lepto-
panérpa, indomal.) ....................... PANORPINAE

b. Radial sector three branched; cubitus and main stem of media
of fore wing coalescent for a considerable distance; small active
species. (Nannochorista, neotrop., austr.; Choristélla,
austr.) eivevveieo.......NANNOCHORISTINAE
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Radial sector four-branched; cubitus and main stem of media
of fore wing touching only at a point or for a very short distance;
larger species. (Chorista, Teniochorista, austr.). R

CHORISTINE

4. Ocelli present; wings with very dense and irregular venation,
the anal area well developed; radius and media coalescent

on the basal fifth of the wing. (Fig. 352). (Notiothauma,
NEOtTOP.) v v et et e e e e e e NOTIOTHAUMID A&

Ocelli absent; venation of wings more open and regular, the anal
area slightly developed; radius and media not coalescent at the
base of the wing. (Mérope, nearc.) ........... MEROPIDZE
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TieLyarp, R. J. Nannochoristide. Proc. Linn. Soc. New South Wales, 17,
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ORDER TRICHOPTERA
(PHRYGANOIDEA)

Small to medium-sized, slender, flying insects; head freely movable,
vertical, eyes prominent, ocelli three or none, mandibles vestigial or
absent, palpi prominent, antennz thread-like, often very long; pro-
thorax small, free; meso- and metathorax similar; wings more or less
clothed with hairs, with many veins and a few crossveins; the hind
wings often with a folded anal area; wings rarely reduced in size; legs
similar, cox# pendant and approximate, tibize always with spurs, tarsi
five-jointed. Metamorphosis complete. Larvee aquatic; usually with
tufted tracheal gills; more or less caterpillar-like and usually living in
cases constructed of small objects spun together with silk. Caddis (or
Caddice) flies; larvee called Caddis worms.
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Adults

1. Minute, often brightly colored, moth-like, pubescent species;
the front wings closely covered with projecting, clubbed hairs;
marginal fringe of wings very long, that of hind wings longer;
discal cell of hind wings open or wanting; wings usually very
long and narrow, more or less pointed; antennz at most as long
as the fore wings, usually much shorter and thickened; maxil-
lary palpi five-jointed, strongly hairy, their last joint neither
bowed nor ringed; ocelli usually present. (Fig. 359). (Hydrép-
tila, Allotrichia, holarc.; Oxyethira, widespr.; Mortoniélla,
NEOLIOP.) © oo HYDROPTILIDAE

Rarely minute species; fore wings without or with solitary, thick-
ened, projecting hairs; marginal fringe shorter than width of

wing; antennz almost always longer than the fore wings. .. ... 2

2. Ocellipresent . .. ...ttt 3
Ocelliabsent . .. .......c..eieii e 9

3. Maxillary palpi strongly hairy or scaly; tibial spurs 1-3-4 or
244 . a few. SERICOSTOMATID &=
Maxillary palpi with only weak hairs, notscaly............... 4

4. Last joint of maxillary palpi divided into false ring-joints,
curved and as long as the third and fourth joints together;
front tibize without or with two, three, or four spurs......... 5

Last joint of maxillary palpi not ringed, rarely curved, subequal
to the other joints (palpi absent in some Hydropsychide). ..6

5. Hind wings not dilated, in shape similar to the fore wings. (Chi-
mérrha, cosmop.; Philopétamus, holare.).

PHILOPOTAMIDE

Hing wings with expanded anal angle, much wider than the fore
wings. (Stenopsyche, indomal.; Parastenopsyche, palearc.;
Pseudostenopsyche, neotrop.) . .STENOPSYCHIDZE, part

6. Front tibiz with one or no spur; middle tibiee with three or two

] 0111 - N 7
Front tibize with two or three spurs, middle tibize with four spurs;
maxillary palpi four- or five-jointed. .. .................... 8

7. Middle tibise widened, their tarsi broadened and armed with stiff
hairs (see Couplet 8). (Agrypnétes, holarc.).

PHRYGANEID.E, part

Middle tibiz simple, normal; maxillary palpi of male three-jointed,

of female five-jointed, but of similar structure in the two sexes.

(Anabédlia, Stenéphylax, Limnéphilus, Hilesus, Apatania,

holarc.) (Figs. 357, 361) ............... . LIMNEPHILID &
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8. Maxillary palpi five-jointed, the basal two joints very short and

thick (Fig. 356). (Rhyacéphila, Glossosdéma, Agapétus,
holarc.; Hydrobidsis, Psilochoréma, Austr.). B
RHYACOPHILIDZE

356.
357.
358.
359.
360.
361.

9.

Figs. 356-361. _Trichoptera.

Hydrobiosis, wings (Tillyard) Rhyacophilidze.
Limnephilus, outline. Limnephilidze.
Hydropsyche, wings. Hydropsychidz.
Allotrichia, wings. Hydroptilidz.
Phyllorheithrus, wings (Tillyard) Calamoceratids.
Limnephilus, wings. Limnephilidze.

Macxillary palpi of male four-jointed, of female five-jointed, the
joints cylindrical, the second joint not short, the palpi of the
two sexes similar. (Neurdnia, Phryginea, Agr§pnia, holarc.)

PHRYGANEIDZE

Tibial spurs 3-4—4; maxillary palpi weakly hairy, five-jointed,
the first and second joints very small, the last joint ringed and
curved; antennee thickened. .. .......................... 10

Usually two, never three, spurs on front tibise. ................ 11
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Mandibles robust; maxillary palpi with the second joint short.
(Stenopsychodes, austr.) (see couplet 5).

STENOPS YCHID A, part

Mandibles slender and sinuous; maxillary palpi with the second

joint bulbously enlarged internally. (Polycéntropus, Plec-

trocnémia, Neureclipsis, holarc.; Polypléctropus, neotrop.,

austr.) POLYCENTROPODID&E

. Last joint of the five-jointed, scarcely hairy, maxillary palpi an-

nulate and arcuate
Last joint of the usually strongly hairy maxillary palpi neither
ringed nor curved

. First vein from the discal cell of the fore wing (anterior branch

of the radial sector) forked; maxillary palpi long and thin.
(Fig. 358). (Hydropsyche, Macronéma, cosmop.; Hydro-
psychodes, widespr.; Dipléctrona, holarc.; Smicrides, Am.).
HYDROPSYCHID &

First fork (Ry) wanting in both fore and hind wings; first joint
of the maxillary palpi small. (Psychomyia, Tinodes, holarc.;
Lype, Metalype, paleearc.) ............ PSYCHOMYIIDAE

. Both median and discal cells of fore wings present and closed;

maxillary palpi five-jointed (Fig. 360). (Heteropléctron, Am.;

Ganonéma, Am., Ind.; Anisocéntropus, holarc., indoaustr.;

Calamédceras, palearc.; Phylldicus, neotrop.; Phyllorhei-

thrus, austr.) CALAMOCERATIDE
Median cell of fore wings absent

. Maxillary palpi of the male three-jointed, of the female five-

jointed, of different structure in the two sexes; antennee usu-

ally thick, hairy andwith large basal joint; wings thickly hairy,

discal cell present. (Brachycéntrus).. SERICOSTOMATID A&
Maxillary palpi of both sexes five-jointed

. Discal cell of both wings absent, neuration of the two sexes usually

different, apical veins few. (Molanna, holarc., indomal.;
Ber#a, holarc.; Molannddes, Berzddes, palsarc.).
MOLANNIDAE

Discal cell of fore wings present

. Middle tibize with two spurs; discal cell of hind wings almost

always open or absent, only the upper branch of the radial
sector forked, only the first apical fork present; joints of maxil-
lary palpi uniform; antennz long and slender. (Leptécerus,
@Ecetis, Setdodes, widespr.; Mystacides, holarc.; Leptocélla,
Am.; Notanatélica, indoaustr.)........... LEPTOCERIDE
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Middle tibize usually with four spurs; discal cell of hind wings
closed, both branches of radial sector of fore wings forked,
at least the first and second apical forks present; basal joint
of antennz large. (Nerdphilus, nearc.; Psilotréta, holarc.;
Odontécerum, palearc.; Marilia, Am.; Barypénthus,
neotrop.) ODONTOCERID &

. Body campodeiform; head held straight forward, forming a con-
tinuation of the long axis of the body; abdomen depressed,
the sutures between the segments deeply impressed; tracheal
gills usually absent; larveae generally not constructing a movable
case (Fig. 367)

Body eruciform or suberuciform; the head bent downward at an
angle with the rest of the body; abdomen cylindrical, the
sutures between the segments feebly impressed; tracheal gills
usually present; larvee always living in a movable, tubular
case . .. B -

. Abdomen greatly w1der than the thorax very mlnute species with
all three thoracic segments heavily chitinized above, living in
portable silken cases which are much larger than the larvee.

HYDROPTILID&E

Abdomen not much wider than the thorax, much larger species
usually with only the prothorax heavily chitinized

. Last abdominal segment with a chitinized shield above.

RHYACOPHILIDE

Last abdominal segment without a chitinized shield. ..........4

. Mandible with numerous bristles on the outer edge; tracheal gills
present along the sides of the abdomen; legs very unequal.

HYDROPSYCHID &

Mandible with only two bristles on the outer edge; tracheal gills

. Labrum soft, whitish, retractlle under the edge of the clypeus.
(Fig. 367) PHILOPOTAMIDZZE
Labrum chitinized, yellowish or brownish
. Claws of legs long and slender (Fig. 362), nearly straight, with
only one basal spur POLYCENTROP C)DIDE
Claws of legs short, stout, curved
. Claws with a single basal spur STENOPS YCHIDZE
Claws of middle and hind legs each with two basal spurs (Fig.
PSYCHOMYIIDAE
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8. Labrum with a transverse row of many stout bristles before the
middle; tracheal gills filamentous ....CALAMOCERATIDAE
Labrum not thus armed, usually with scattered bristles on the disc
and several pairs of spines on the front margin.............. 9

362

Figs. 362-367. Trichoptera, Larve

362. Phylocentropus, tarsal claw of front leg (Krafka) Polycentropodidse.

363. Timeodes, tarsal claw (Rousseau) Psychomyiidee.

364. Psilotreta, dorsal view of metathorax showing chitinous plates. (Krafka)
Odontoceridee.

365. Leptocella, front leg. a, coxa; b, trochanter; ¢ and d, femur. (Krafka)

' Leptoceride.

366. Arctaecia, anterior view of prothorax in section showing prosternal horn
(Krafka) Sericostomatide.

367. Philopotamus, larva (Rousseau) Philopotamidse.

9.  Labrum much longer than broad. Pronotum and mesonotum
chitinized; metanotum with four chitinized plates (Fig. 364).

ODONTOCERIDE
Labrum much broader than long; upper side of thorax not as
ADOVE . oo e 10

10. Body suberuciform; mesonotum generally soft like the metano-
tum, rarely with two small chitinous plates; abdominal con-
strictions well marked; lateral gills on segments 2 to 7 covered
with black hairs. Larval case tubular, open at both ends,
stralght or but little bent; living in tranquil water.

PHRYGANEIDE

Body erumform, mesonotum generally entirely corneous, some- -
times with only chitinized plates or rarely entirely soft; gills
not pubescent with black hairs. .. .............. e 11
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11. Mesonotum entirely corneous; metanotum with three pairs of
chitinous plates; middle legs stouter and longer than the hind

ones: gills never with black hairs. .. .. .. ... LIMNEPHILID &
Mesonotum not entirely corneous; metanotum generally soft;
middle legs not longer than the hindones. .. .. ............. 12

12. Femur of hind leg divided into a short basal and long apical piece
(Fig. 365); right mandible without inner bristles; no accessory

bristles on back of mandibles . ............. LEPTOCERIDE
Femurnotdivided. ............. .. ... .. .. ... ... ..., 13

13. Prosternum with a horn or spine that projects downward between
the front coxe (Fig. 366) . .. ... Some SERICOSTOMATID &
Prosternum unarmed. ............ ... .. ... ... 14

14. First abdominal segment with three nipple-shaped protuberances,
one above and oneateachside. .......................... 15

First abdominal segment narrower than the following ones and
without such protuberances. .. Some SERICOSTOMATID &

15. Body slender; claws of anal prolegs small, simple.
MOLANNID &
Body robust; claws of anal prolegs stout, formed of two or three
large superimposed hooks . ...Some SERICOSTOMATIDZE
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ORDER LEPIDOPTERA
(GLOSSATA)

Rather large, sometimes small, or very large insects; wings and body
thickly clothed with scales that form a color pattern, the wings opaque,
with the venation obscured by the scales; scaly covering rarely re-
stricted to certain portions of the wings or absent in a very few un-
usual forms; wings very rarely absent. Antennz long, many-jointed,
variously modified, filiform, pectinate or clubbed; ocelli sometimes
present. Mouthparts suctorial, frequently vestigial or absent, when
not in use coiled under the head; the maxillee incorporated into an
unjointed tongue; mandibles absent, except in a few primitive forms;
palpi usually well developed, the labial ones generally larger than the
maxillary. Prothorax small; wings large, membranous, similar, the
fore pair somewhat longer; venation complete, but not complex, few
crossveins. Legs similar, tarsi ordinarily five-jointed. No cerci. Meta-
morphosis very great; larvee with biting mouthparts, usually cater-
pillar-like, and with paired false-legs on some of the abdominal seg-
ments in addition to three pairs of thoracic legs; larvee almost always
plant-feeders. Moths, Butterflies and Skippers.
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Adults
1. Fore and hind wings (if wings are absent or greatly reduced in
size, see couplet 169) with four or five radial veins, rarely with
three, Sc and R, separate (Fig. 374); wings of similar shape,

Figs. 368-374. Lepidoptera

368. Noctua, wings (Forbes): Sc, subcosta, R, radius, M, media, Cu, cubitus
(their branches indicated by numbers), A, 2A, 3A, anal veins; cell,
discal cell. Noctuidee.

369. Portion of bleached wing membrane, showing attachments of three scales
and numerous aculez.

370. Danais, head in frontal view: a, base of antenna; e, eye; p, base of pro-
boscis. Danaidz.

371. Hamadryas, head, prothorax and part of mesothorax (Scudder) Nym-
phalidse.

372. Crambus, lateral outline of body (Fernald): m, maxillary palpus; 1, labial
palpus.

373. Scales from the wings of various Lepidoptera (Scudder).

374. Micropteryx (Forbes): Sc, subcosta; R, radius; M, media; Cu, cubitus;
A, anal (their branches indicated by numbers); hum, humeral cross-
vein; udev, upper discocellular vein (radio-medial crossvein); ldev,
lower discocellular vein; i, intercalated cell; ac.c, accessory cell.
Micropterygide.

more or less pointed at tip, with ten or more veins, the mem-
brane with minute spines (Fig. 369); fore wings with a thumb-
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like lobe at basal angle (jugum); a spiral proboscis never de-
veloped. (Suborder JUGATZ) (MICROPTER YG’f NA, HOM—
ONEURA, ARCHILEPIDOPTERA, ZE UGLOPTERA)
.Fore and hind wings dissimilar in shape a,nd venation, hind wings

with Sc and R; fused at least at tip (not to be confused with Ry
which is usually the only free radial vein (Fig. 368)), rarely two
free radial veins present, at most six veins arising from the cell;
jugum and mandibles not developed. (Suborder FRENATE)
(HETERONEURA). .. ......ciiiiiiiiiiii i 8

2. Wings usually hardly wider than the fringe of hairs on their hind
margin; small species, wing-expanse about one-half inch; tibial
spurs usually present; jugum usually minute, frenulum present.
(Superfamily MICROPTERYGOIDEA) (MICROJUGAT ZE,
JUGOFRENATE) ... ... .. i 3

Wings ample, fringe narrow; larger species, wing expanse about

one to nine inches; tibial spurs usually wanting; jugum usually
underlapping the hind wing, no frenulum. (Superfamily
(HEPIALOIDEA). (MACROJUGATAE). ................. 5

3. Middle tibize without spurs, but with an apical group of bristles;
functional mandibles present; Sc forked near middle. (Epi-
mart§ria, No. Am.; Micrépteryx (=Eriocé})kala) (Fig. 374),
holarc.; Sabatinca, Austr.). (ERIOCEPHALIDE).

MICROPTERYGIDE
Middle tibize with one or two spurs; mandibles vestigial or want-
ing; Sc simple or forked near tip. .. ....................... 4

4. Middle tibiz with one spur; Sc forked near tip, at least in fore
wing; jugum large, overlapping the hind wing; scales not scal-
loped nor coarsely striated. (Mneménica, holarc.; Eriocrania,
holarc.; Neopsetstis,! indomal.) ......... ERIOCRANIIDZE

Middle tibise with two spurs; Sc simple; jugum much reduced,
underlapping the hind wing; scales with scalloped border and
coarse striation. (Mnesarch&a, Austr.).

MNESARCHZEID &

5. Ry arising near base of wings, discal cell containing a large inter-

calated cell formed by the basal petiolate branch of the media,

7.e. three cells present (Fig. 875). ........... ... oot 6
R; arising near middle of wing, discal cell undivided or containing
asinglemedial vein. ............. ... ... ... . ol 7

6. Hind wing with two anal veins; third discal cell pointed (Fig. 375).

1 The genus Neopseustis with broad wings, having the jugum reduced or vestigial, has re-
cently been regarded as a distinct family. ....................... . NEOPSEUSTIDZE
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(Hepialus, cosmop.; Sthenopis, Phassus, widespr.; Chara-
gis, austr., S. Afr.; Léto, austr., S. Afr.; Porina, austr., Pata-

gonia; Dalaca) ............................ HEPIALIDZE
Hind wing with one short anal vein; third discal cell blunt. (Pro-
tothedra, S. Afr.) .................. PROTOTHEORID A
7. Tibial spurs present (Fig. 377). (Anémoses, austr.). '
ANOMOSETID &
Tibial spurs absent (Fig. 376). (Pal®oses, austr.).
PALZEOSETIDE

Figs. 375-377. Lepidoptera

375. Phassus, wings (Hampson) Hepialidz.
376. Palaeases, wings (Turner) Palzosetidz.
3877. Anomoses, wings (Turner) Anomosetidse.

8. Antennz simple or variously modified (Figs. 378, 379, 380), only
rarely swollen at the tip, and in such cases a frenulum is present;
most forms with a frenulum; the subcosta of the hind wing either
relatively little arched at the base or there is a large area be-
tween it and the fore margin of the wing; wings at rest over-
lapping the abdomen, sloping roof-like against the sides, or
horizontally outspread; body relatively stout. Moths. (HET-
EROCERA) ... e e 9

Antennz knobbed at the tip, or thickened a little before the tip
(Figs. 431, 432), without pectinations, projecting processes or
conspicuous arrangements of hairs; hind wings without a frenu-
lum, but with the Sc strongly arched forward at the base;
at least the fore wings erect when at rest; no ocelli. Butterflies
and Skippers. (RHOPALOCERA)..................... 154

9. Wings, especially the hind ones, deeply cleft, or divided into
plume-like divisions (Figs. 384, 385); legs very long. Feather-
wingmoths. ... ... 10
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‘Wings entire, not cleft nor divided into finger-like divisions, rarely
(Gelechiidz) the fore wings moderately cleft
10. Wings divided into two to four divisions
Each wing divided into six plumes; small, silvery white moths.
(Orneddes, widespr.) (Fig. 384) ORNEODIDE

LT e

et

Figs. 378-385. Lepidoptera

. Plumose antenna of moth (Duncan).

. Pectinate antenna of moth (Duncan).

. Melittia, head, in lateral view (Beutenmiiller) Ageriide.
. Bembecia, middle leg (Beutenmiiller) Ageriidee.

. Melittia, wings (Beutenmiiller) Ageriidz.

. Pterophorus, wings (Berlese) Pterophoride.

. Orneodes, wings (Berlese) Orneodids.

.- Platyptilia, wings (Fernald) Pterophoridz.

. Fore wings divided into two plumes, rarely four, hind wings into
three; small, delicate moths, usually prettily colored. (Ox§p-
tilus, cosmop.; Platyptilia, cosmop.; Pter6phorus, wide-
spr.). (Figs. 381, 385, 404). (ALUCITID ).

PTEROPHORIDE
Each wing divided into two plumes. (Cenéloba, indomal., austr.)
(See couplet 43d) OXYCHIROTIDA, part

. Underside of hind wing with a double series of enlarged and di-
vergent scales along the cubital vein; tibie exceptionally long,
thin and with long spurs. (Agdistis, palearc., ethiop.).

"AGDISTIDE
Underside of wings without such specialized scales
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13. Wings in large part transparent and usually devoid of scales, ex-

14.

15.

16.

17.

18.

cept on margins and veins; fore wing narrow, at least four
times as long as wide; inner margin of fore wing and costal
margin of hind wing with a row of recurved, interlocking
spines; Sc of hind wings close to cell and to next vein, hidden in
a fold and apparently absent; frenulum well developed; ocelli
present; wasp-like, day-flying moths (Figs. 380, 381, 382).
Clear-wing moths. (Paranthréne, widespr.; Trochilium,
holarc., ethiop.; Agéria, cosmop.). (SESIID.E).
ZEGERIIDE
Wings scaled throughout, or if clear, the fore wings are triangular;
wings not interlocking by series of spines; Sc of hind wing pres-
ent, though sometimes close to or in part fused with R.. .. ... 14
Antennee thin, swollen at tip to form a more or less distinct club,
-as in the butterflies, oreven recurved at tip, as in the skippers. 15
Antenne variously modified, if swollen subapically or toward
the middle they gradually taper on distal portion.......... 18
Fore wing with some branches of Rstalked. ................. 16
Fore wing with all veins arising from discal cell, medial stem re-
duced; both wings with first anal vein lacking; eyes not ciliated;
male alone with frenulum (see couplet 155). (Euschémon,
austr.) .............. ..., Males of EUSCHEM ONID &
Fore wings with M, arising nearer Mz than M. .............. 17
Fore wings with M, arising midway between M, and M;, or closer
to M;; hind wings with first A wanting. African. (Apopré-
genes, Pemphegostola) .............. APOPROGENID &
Both wings with first A present, discal cell small and closed; pro-
boscis developed. (Castnia, neotrop.; Synémon, Austr.).
CASTNIIDZE
Both wings with first A reduced; discal cell open; proboscis vesti-
gial. (T4scina (= Neocdstnia, India)). (NEOCASTNIID ).
TASCINID&E
Hind wings with three anal veins (if less than three anals, small
species with narrow wings, the hind pair with reduced venation
and bearing a long fringe of hairs on the hind margin almost
as wide as, or wider than, the wing, and the tibial spurs more
than twice the width of the tibiz); fore wings usually with first
anal vein complete, ¢.e. usually two anal veins reaching the
margin. (MICROFRENATA)........................ 19
Hind wings with two anal veins, rarely with one, in addition to
a possible unthickened fold in the membrane, or in the Aus-
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tralian genus Ouzychirota both wings lack all anals; wings

almost never very narrow, the hind wing not more than half

longer than wide, except rarely in large species when a tail-like

projection is developed, and not long-fringed; fore wings usu-

ally with but one complete anal vein, when accessory cell is

present it is not completely contiguous with the discal cell (if

accessory cell is completely contiguous refer to couplet 109,

Cecidosidee). (MACROFRENATZAE)

. Hind wings with veins Sc + R; and Ry widely separate beyond
discal cell

Hind wings with veins Sc+ R, and R fused or very closely parallel
for a greater or less distance between the end of the discal cell
and the tip of the Wing, the base of R sometimes evanescent.
(If Ry of fore wing is as long as cell, see Drepanide, couplets
65, 81, 95). (PYRALIDIDAE, s. lat.).................... 79

. Hind wings ribbon-like, with a long apical tail (Fig. 386). (Hi-
‘mantépterus, Semiéptila African). HIMANTOPTERIDE

Wings normal

. Hind wings with veins Sc + R, and R, fusing to near the end of
the discal cell, or fusing beyond the middle of the cell, or these
veins coincident throughout......... .22

Hind wings with veins Sc + R; and Rs separate from the base, or
fusing only a short distance along the discal cell, the fusion
located at the base or before the middle of the cell, or some-
times connected by a bar

. Proboscis well developed; wings thinly scaled, translucent; hind
wings with basal part of R represented as a spur in the cell,
or entirely lost. (Acoldithus, Pyromérpha, Am.) (see coup-
let45). (ZYGAENID.Z, of authors).. PYROMORPHIDE, part

Proboscis obsolete; hind wings with Se+ R;and Rsseparate in part;
wings heavily and loosely clothed with soft scales, mixed with
curly hair in the northern species; hind wings (in American
species) with R free at base. Flannel moths. (Norape, Mega-
lopyge). (LAGOID ) MEGALOPYGIDZE

Proboscis and palpiabsent; veins Sc+ R, and Rs coincident through-
out. (Engydéphlebus, ethiop.) ENGYOPHLEBIDZE

. The fringe on the anal angle of the hind wings not or but slightly
longer than elsewhere; tibial spurs at most about as long as the
width of the tibize

The fringe on the anal angle of the hind wings distinctly longer
than elsewhere; tibial spurs more than twice the width of the
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tibize; when the accessory cell is present its longest side is con-

tiguous with the discal cell. (TINEOIDEA) .............. 97

24. Fore wings with accessory (radial) cell. ..................... 25
Radial cellnotformed ... ......... ... ... .. ... 34

25. Mouthparts vestigial. .. .......... ... ... L 26
Mouthparts usually developed, with scaled proboscis; tibial spurs
long; small to minute moths. (TINEOIDEA) ......... .97

Figs. 386-390. Lepidoptera

386. Himantopterus, hind wing (Westwood) Himantopterids.
387. Prionoxystus, wings (Comstock and Needham) Cossidz.
388. Bombyx, wings. Bombycidz.

389. Metarbela, wings (Hampson) Metarbelidz.

390. Simaethis, wings (Spuler) Glyphipterygide.

26. Tibial spurs short or wanting;large moths, except Epipyropide. 27
Hind tibiee with two pairs of spurs; small species, 9-18 mm.;

R 4-branched; @ wingless. (Talepéria, cosmop.; Solendbia,
holarc.; Laffia, palearc.) ............... TALZPORIIDE

27. Fore wings with some branches of R stalked; accessory cell ex-
tending beyond the discal cell; body heavy, or wings ample. .28

Fore wings with no stalked radial branches; accessory cell not
extending beyond the discal cell; antenns bipectinate in both

sexes; small moths, larve living on Fulgoride. (Epipjrops,
indoaustr.,, Am.). ............ciiiiia.. EPIPYROPIDZE
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28.

29.

30.
31.

32.

33.

34.

35.
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Wings strong and more or less lanceolate; body heavy and sur-
passing the hind wings; median cell and strong medial stem
nearly always present in discal cell of each wing; larvee borers.
Carpentermoths . ......... ... ... 29

Wings ample, the subtriangular fore wings about half longer than
wide and with the tip more or less acute, the hind pair with
nearly straight end; abdomen not extending beyond the hind
wings; mainly South American. (Dalcera, Acraga, S. Am.;
Dalcérides, Pinconia, Ariz.). (ACRAGID ).

DALCERIDAE

Fore wings with first and second anal veins free, or first anal *
WaNTING. .« ottt e e e 30
Fore wings with first and second anal veins connected by a cross-
vein near the margin. (Givira) ............. HYPOPTIDZE
Fore wings with first anal vein present . ..................... 31
Fore wings with first anal veinabsent. .. .................... 33
Frenulumpresent....................................... 32
Frenulum absent. (Ratarda, indoaustr.)....... RATARDIDE

Hind wings with Rs and M; widely separate; palpi very short.
(Zeuizera (Z. pyrina, Leopard moth, holarc., ind.), Phragma-
tecia, palsearc.) ... ... ZEUZERID &

Hind wings with Rs and M, stalked beyond apex of discal cell or
close together; palpi upturned to middle of front (Fig. 387).
(Céssus (=Trypanus), cosmop., Prionox§stus).

COSSIDE
Frenulum present. (Argyrétypus, Chrysétypus, Madagascar).
(CHRYSOTYPID.E) ................ ARGYROTYPIDE

Frenulum absent; tropical distribution (Fig. 389). (Metarbéla;
Teragra; Saligena). (ARBELID.Z, HOLLANDID.Z, TER-
AGRIDAE) ........ ... ... METARBELID &

Frenulum absent or vestigial, humeral angle of hind wing more or
less expanded; M, of fore wings arising midway between M,
and M; or closer to M;; ch®tosema absent; moderately large

moths with broad hind wings. .. ......................... 35
Frenulum present (if absent in moths of small size with narrow
and more or less oblong wings, refer to couplet 90) ........ 37

Fore wings with radial branches Ro,3,4,5 united on a common
stalk; hind wings with Sc and R connected by a bar (Fig. 388).
(See couplet 64) ... ...t BOMBYCIDAE

Fore wing with radial branches R:.;, Rays stalked independently
of Rie; hind wings with Sc and R free beyond base. .. .. ... 36
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. The five branches of R very long, occupying more than one-third
the apical edge of the wing, only R; and R4 on a short stalk,
the other radial branches free; wings large. (Chrysopoloma.,
Ectropa, ethiop.). (FCTROPIDE) .CHRYSOPOLOMIDZE

Radial branches occupying one-fourth of the apical edge of the
fore wings, Rs,s, or Ruys, or Rs.a,5 stalked, tip of fore wings
extended and rather pointed, the apical margin sinuate. Ameri-
can, mostly neotropical. (See couplet 67) . . MIMALLONID &

. Fore wings with M, arising midway between M; and M;, M; and
Cu, united for a considerable distance beyond the discal cell,
Rs,3,4,5 united, and first A absent; hind wings with Sc free from
R, from base, and first A evanescent on basal half. (See coup-
let 56). (Phryganidia, Cal).................. DIOPTID A&

Fore wings with M, arising closer to M3 than to Mj, thus causing
the cubitus to appear four-branched

. Hind wings very small, with Sc and R separate beyond the base;
hind tibise with strong middle and apical spurs; antennz di-
lated apically; cheetosema absent. African. (Charidea, Todsa).

CHARIDEIDZE

Hind wings with Sc and R connected by a bar, or by fusion before
the middle of the discal cell :

. Fore wings with all five branches of the radius arising. from the
discal cell. (Hybl®a, nearc.) ................ HYBLZEIDE

Fore wings with some of the radial branches absent or coalesced
beyond the end of the discal cell

. Fore wings with first and second anals connected by a crossvein,
or fusing before the tip. (Fig. 391). Bagworm moths. (See
couplet 46). (Pachythélia, palearc.; Fiimea, palzarc.).

PSYCHIDZE, part

Fore wings with first and second anals not connected, nor apically -
fusing, or 1A absent

. Proboscis well developed; chetosema present; antenne dilated
or pectinate in the male. (Cyclosia; Gingla; Campylodes;
Erasmia; Zyg®na, palearc.; Procris, palearc., indoaustr.;
Chalcosia; Aglaope). (Including CHALCOSIID.E).

ZYGZAENIDAE

Proboscis and palpi much reduced

. Fore wings with R, Rs and Rj; stalked or united. (Sabine; Pho-

bétron; Euclea; Adonéta; Prolimacddes; Heterogénea, pa-

leearc.; Apoda). (COCHLIDIID.Z, HETEROGENEID £, LIM-

ACODID./E) EUCLEIDE
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Fore wings with only three simple branches of the radius, all aris-
ing from the cell. (Heter6gynis &', Soméibrachys &, S. Eur.).
(See couplet 170). (EPICNOPTERYGID Z).

HETEROG YNID&E

43. Antenna thickened, spindle-shaped, sometimes hooked or re-
curved at the tip, the joints usually carinated beneath, some-

times pectinated; hind wings with Sc and R connected by a
strong crossvein near the middle of the discal cell, then extend-

ing closely parallel to the end of the cell or beyond; proboscis

and palpi present; cheetosema absent; stout, often large moths,

with rather narrow wings, the hind pair much shorter than the

fore wings. Hawk moths, Humming bird moths. (Phlegethén-

tius (= Protopdree); Sphinx (= Hyldicus), cosmop.; Hémaris

392

Figs. 391-393. Lepidoptera

Solenobia, wings (Spuler) Psychidz.
Harrisina, wings (Jones) Pyromorphidz.
Hemiceras, wings (Hampson) Notodontidz.

(= Hemorrhagia),holarc.; Smerinthus, Celério (= Deiléphila),
cosmop.; Macrogléssa; Acherontia, holarc., ethiop. (4.
dtropos, Death’s head moth)) SPHINGIDE
Antennee simple, thin, serrate, or pectinate, rarely swollen gradu-
ally near apex; wings proportionally larger; hind wings with
Sc and Ry rarely connected by a strong crossvein, and if so,
strongly divergent beyond it
. Fore wings with one or two anal veins
Fore wings with no anal veins. (Oxychiréta, Austr.). See couplet
11) OXYCHIROTIDAE
. Fore wings with two distinct free anal veins. (Harrisina (Fig.
392)). (See couplet 22) PYROMORPHIDE, part
Fore wings with the anal veins more or less fused, or with but
one complete anal vein ;
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Fore wings with the anal veins more or less fused or connected
by a crossvein so as to end as a single vein. (Euryc§ttarus,
Thyridopteryx). (See couplet 40)..... ... PSYCHIDZ, part

Fore wings with a single complete anal vein, <.e. 24, the first
anal always reduced, at most represented by a fold, and the
third anal short or wanting, generally connecting with the
second anal so that the latter appears to have a basal fork. .47

Fore wings with M, arising from the middle of the end of the
discal cell, or in front of the middle, .e. the cubitus apparently

three-branched . ......... ... ... . . L 48
Fore wings with M, arising behind the middle of the discal cell,
1.e. the cubitus apparently four-branched................. 73

Hind wings with Sc strongly angled, or rarely swollen and sinuous,
at the base, usually with a strong humeral brace-vein at the
bend, thence very close to or fusing with R for a greater or
less distance along the cell; palpi and proboscis well developed;
cheetosemapresent . .......... ... . i 49

Hind wings with Sc and R fused from base to beyond the middle
of the wing, swollen at base, then rapidly diverging; rather
small, very slender species, with finely scaled wings, the fore
pair narrow, the hind pair broad; the apparent three-branching
of the cubitus of the fore wings due to the absence of M, and Ms.
(Seecouplet90) . ..................... LITHOSIIDZAE, part

Hind wings with Sc straight or gently curving at base, separate
from Rg, no connecting bar present; proboscis often weak or
undeveloped; cheetosema weak or absent. .. ............... 55

Antennee dilated toward tip; eyes hairy and ciliated. (Sematura,
Madagasc.; Anurapteryx, Am.). (MANIDIID.E).

\ SEMATURIDZE

Antennee slender or feathered, if dilated toward tip the eyes are
bare. (GEOMETRIDAE, s.lat.) ........................ 50
Eyes small and oval. (Bréphos, holarc.; Erannis, holarc.).
(MONOCTENIIDAE) .. ..................... BREPHIDE
Eyes round and usually large. .. ........................... 51

‘Hind wings with M, reduced or absent, the cubitus apparently

three-branched. (Macaria (=Semiothisa), widespr.; Boarmia,
cosmop.; Selidoséma, cosmop.; Gedmetra, holarc.; Abraxas,
holarc., ind.; Campe@a: (= Metrocimpa), holarc.; Ennomos
(=FEugonia), holarc.; Paleacrita (P. verndta, (Spring canker-
worm)). (BOARMIID.Z, SELIDOSEMATIDZ).
GEOMETRIDZE, s. str.
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Hind wings with M, well developed, the cubitus apparently four-
branched
. M, of hind wings and often of both pairs arising very close to M;.
(Chlorissa (=Nemoéria), widespr., Buchléris, widespr.;
Hemithea, Mesothea). (GEOMETRID.E Meyrick, Tillyard).
‘ HEMITHEID&
M, of hind wings arising nearly midway between M; and M3. .53
. Hind wings with Se and R, fused to or beyond the middle of the
cell, or connected by a bar beyond the middle, or fused for a
short distance toward the end of the cell. (Hydriémena,
widespr.; Tephroclystis (=Eupithécia), widespr.; Trichép-
teryx, holarc.; Xanthorhée, cosmop.; Laréntia, Eucyma-
toge, Eucéstia, pal®arc., ind.). (HYDRIOMENIDE).
LARENTIIDE
Hind wings with Sc and R, free, or with a connecting bar, or fused
for a short distance before the middle of the discal cell
. Hind wings with Se free from Rs, though close to it along the
second fourth of the discal cell. (D§spteris, nearc.).
, ENOCHROMATIDE
Hind wings with Sc and R fused for a short distance. (Ptyché-
poda, Leptémeris, cosmop.; Leucophthilmia, holarc.;
Cinglis (= Acidalia)). (STERRHIDE) ACIDALIID&E
. Frenulum well developed, more than one-fifteenth the length of
the wing
Frenulum vestigial or absent; “hind wings with Sc never fusing
with R, but sometimes connected by a weak bar
. M; and Cu; of both wings usually stalked for a con51derable dis-
tance beyond the cell, stem of M indicated through the cell;
fore wing with Rs_5 or Rs_5 stalked; proboscis present; tympana
small and subdorsal, or absent; hind tibiz with both middle
and apical spurs; slender, butterfly-like species. Neotropical.
(Mydnia, Oricia, Tithraustes, Phryganidia). (See couplet
37) DIOPTIDZA, part
Of other conformation
. Hind wings with Sc widely separated from R; from near the base;
fore wings with R; stalked with M; and well separated from
Ry; proboscis present; no tympanum. Tropical. (Epipléma,
Mediisia, Meldaba) .. EPIPLEMIDZE
Hind wings with Sc close to Rs; fore wings with M; not stalked
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Hind wings with Rs and M; stalked beyond the cell; fore wings
commonly with a radial areole. (If R, of fore wings is much

shorter than discal cell, see couplet 79, Pyralididee) . .. .. ... 59 -
Hind wings with M; free, R; arising before or at the end of the
discal cell. .. ... ... . e 60

Proboscis present, often weak, sometimes absent; tympanum
present; fore wings fully scaled, usually with R,_; stalked, often
with a radial areole. (Fig. 393). Principally neotropical.
(Certira, paleearc., Am., Indo-austr.; Notodénta, Drymonia,
holarc.; Staurdpus, palearc., indomal.; Phaléra, palsarc.,

indomal.; Datana (D. ministra, Yellow necked apple worm);
Schlzﬁra (S. concinna, Red humped apple Worm), Hetero-
campa). (CERURIDAE) ............... NOTODONTID &

Proboscis wanting; tympanum absent; fore wings with Ry, 3 and
Ry, 5 stalked together; wings of northern species with clear
spots. (See couplet 63). (Apatelédes, Thaumetopda (=Cne-
thocdmpa), Euptérote)). (T HAUMETOPEID ZE).

EUPTEROTIDZE

Fore wings with discal cell large, reaching much beyond the
middle of the wing; hind wings with cubitus apparently three-
branched. (Axia, Epicimsélia, S. Eur.) .......... AXIIDE

Discal cell not or scarcely extending beyond the middle of the
wing; hind wings with cubitus apparently four-branched; fren-
“ulum of male knobbed. (Fig.398). (See couplet 76). (Pol§ploca,
Palimpséstia, paleearc.; Habrésyne, holarc.; Cyma,tophora. )
CYMATOPHORIDE, POLY PLOCIDZE .. THYATIRIDE

Fore wings with M; stalked with R and hlnd wings with two
complete anal veins; if M; and R; are short-stalked, the second
anal diverges widely from Cu; and a vestige of the first anal is
PTESENt . o oottt e e 62

Fore wings with M; arising from R at or before the end of the
discal cell, or M} is free from Rs; if M; and R are stalked beyond
the cell, the hind wings have but one complete anal vein.. .65

Frenulum vestigial ................ ... ... ... ... ... ... ... 63

Frenulum entirely absent. American. (Bacles (=Basilona)
(E. tmperialis, Imperial moth); Citheronia {(=Ceratocimpa);
Syssphinx; Anisdta; Adelocéphala). (CERATOCAM PID.E,
SYSSPHINGIDE) ..........c.c....... CITHERONIIDE

Hind wings with Sc and Rj close together but not joined by a bar;
fore wings with Ry, 3 and Ry, 5 joined on a common stalk. (See
couplet 59) ..........iiiiiiiiiin EUPTEROTIDZ, part
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Hind wings with a bar connecting Sc and R ; fore wings with the
radius branching seriately......................... .. ... 64

- 64. Fore wings with Ry_; and M, stalked. (Leménia). LEMONIID &
Fore wings with M; joined to R on a short stalk, or free. (Fig.
388). (Bombyx (B. mori, Domesticated silkworm). (See coup-

let 35) BOMBYCIDAE

=

Figs. 394-401. Lepidoptera

394. Janiodes, wings (Jordan) Cercophanidz.
395. Antheraa, wings (Hampson) Saturniidze.
396. Oxytenis, wings (Jordan) Oxytenidz.

397. Brahmsea, wings (Hampson) Brahmeidze.
398. Thyatira, wings (Hampson) Thyatiridz.
399. Urapteroides, wings (Hampson) Uraniidz.
400. Addea, wings (Hampson) Thyrididze.

401. Epicopeia, wings (Hampson).

65. Hind wings with the cubitus apparently three-branched. .. .. .. 66
Hind wings with the cubitus apparently four-branched; one anal
vein; outer margin of fore wings strongly sinuous; tympanum
present. (Fig.405). (See couplets 81, 95) .. DEPANIDZE, part
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Fore Wlngs with Ry, 5 stalked . e e . 67
Fore Wll‘lgS with Rj; free, ar1s1ng from the dlscal cell . .71
Fore wings with Ry, ; long-stalked, separated from R4, 5 (Mima.llo ;

Cicinnus (= Peréphora); Lacosdma). (See couplet 37). (PRO-
TOPS YCHIDAE PEROPHORID.Z, LACOSOMIDAE, LA-
COSMATIDE) ........................ MIMALLONIDZE
Fore Wlngs with Rs,4 stalked .............................. 68
Fore wings with the radial branches stalked in two groups, Riss
and Rys which groups are again stalked; M; arising from the
upper angle of the cell; hind wings with Sc close to R but free;
proboscis present. (Fig. 397). (Brahmé®a, Asia, Afr.).
BRAHMZEIDZE
Fore wings with only three or four branches of the radius devel-
oped, of which two or three are on a common stalk; hind wings
with Sc more or less distant from Rg. (IFig.396). ............ 69
Proboscis bearing carinate papillae; antennz bipectinate ventrally
in both sexes. (Fig. 396). (Asthénida; Ox§tenis, neotrop.).

OXYTENIDAE

Proboscis thin and reduced. . - .70
Hind wings with Sc and R connected by a bar (Flg 394) ( Cer-
cophana, Janiddes, neotrop.) . .CERCOPHANIDAE

Hind wings with Sc and R not connected by a bar. (Fig. 395).
Principally neotropical and ethiopian. (Antherea; Attacus
(A. dtlas, Atlas moth); Autémeris; Callosamia (C. pro-
methea, Promethea moth); Hemilelica; Philosimia (=Samia
auctt.) (P. walkeri (cinthia), Ailanthus moth); Pseudohazis;
Samia (= Platysamia) (8. cecropia, Cecropia moth); Sattrnia;
Télea (T. polyphémus, Polyphemus moth); Tropea (=Ade-
tias) (T. luna, Luna Inoth) (Including ATTACIDE, AR-
SENURID.ZE, HEMILEOCIDE)) . ....... SATURNIIDA&

Fore wings with M, free, not stalked with Rg. .. .............. 72

Fore wings with M, stalked with Rj, or arising very close to Rs

~ at the apex of the discal cell (Fig. 399). (Urania, Alcidis,

Nyctalemon, Urapterdides) ................ URANIID A&
Fore Wlngs with Rs, 4 stalked. . . . LONOMIID A&
Fore wings with Ry, s, « stalked. (FIO‘ 401) (Eplcopela indomal.).

EPICOPEIIDA&

All branches of R, M and Cu of both wings arising from the open
or closed discal cell, rarely Rs, s or Ry, 5 short-stalked; maxillary
palpi minute; wings often with unscaled spots. (Fig. 400),
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Mainly tropical. (Thyris, Striglina, Ad&a, Rhodoneira,
Dysddia, Risdma, Méskea). (See couplet 124).
THYRIDIDE

Veins variously fusing beyond the discal cell
. Frenulum present, more than one-fifteenth the length of the

Frenulum vestigial or absent
. Hind wings with Sc and Rj separate from near the base, or fused
beyond the cell, when joined near the base the fusion not ex-
tending to the middle of the cell
Hind wings with Se and R fused to near or beyond the middle
of the cell, sometimes forming a small basal areole (in Euchromi-
idee completely fused so that Sc appears to be absent)
. Shaft of antennz tapering evenly from base to tip
Antennz thickened before tip, usually ending in a recurved

. Hind wings with Sc free from R along the cell, though sometimes
approaching it, or briefly touching near the apex of the cell,
sometimes fused for a greater or less distance beyond the cell. 78

Hind wing with Sc¢ fused with R, for a short distance before the
middle of the cell

. Hind wings with Sc¢ dipping toward R, sometimes fused with it
beyond the cell, but not connected with it by a bar; proboscis
present (if proboscis is vestigial, compare Lymantriidee, coup-
lets 83, 85)

Hind wings with Sc and R connected by a bar before the discal
cell. (Fig.402)

. Fore wings with R, about as long as the cell, or longer

Fore wings with R; much shorter than the cell. (Fig. 406). (See
couplets 19, 58). A very large, widespread group.
PYRALIDIDZ, part

. Fore wing with Al present; proboscis weak or absent; hind wings
with the fringe on Cu weak or absent; larvee bore in aquatic
or marsh plants. (Schenobius, Acentropus, Ramila).
(SIGIN./E) SCHENOBIINAE

Fore wings with Al absent

. Fore wings with A3 curving forward to meet A2 and forming a

small elongate cell near the ‘base of the wing
Fore wing with A3 free or curving into A2 toward the middle of
the wing to form a wide loop, often vestigial ..

1 This family is sometimes divided into a series of families, but its numerous well-marked
groups are generally regarded as of only subfamily rank.
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. Proboscis and ocelli absent; male usually with third joint of the

palpi vestigial . P
Proboscis and ocelli present labial pa,lpl normal. | .e
. Front with a conical tuft; general vestiture deep and mlxed
larvee living as scavengers in nests of social Hymenoptera or
in dried foods. (Galléria (G. melonélla, Bee moth), Paralispa,

Achréia). (T1 NEIN 4, Hampson).. .GALLERIINE
Front and thorax smooth-scaled larvee feedmg on scale insects.
(Macrotheéca) . . . MACROTHECINAE

. Maxillary palpi rather well developed hind wings with Sc free.
(Pyralis (P. farinalts, Meal moth), Agléssa, Herculia, Cle-
dedbia, Omphalécera, Hypsopygia (H. costalis, Clover-
hay worm) . . .PYRALIDINZE

Maxillary palpl absent hind ngs with Sc and R usually fusing.
(Arta, Chrysatige, Clydonépteron, Gephyra, Nacha.ba)
(SEMNIIN/E) ........................ CHRYSAUGINAE

. Hind wings with M, arising from the vein closing the cell, widely
separated from Sc, cell closed by a weak but distinct vein, R
more or less weakened; labial palpi beak-like, maxillary palpi
triangular; mainly Old World species. (Ancylolomia, Prion-
apteryx, Bufernaldia) ............. ANCYLOLOMIIN &

Hind wings with M; closely approximatetoR................. g

. Fore wings with Rj stalked with Rs,4; only one free vein below
the forked vein which runs to the apex from the radial stem. . .h

Fore wings with Rjs free; two free veins from the radial stem below
the forked one; hind wings with Sc and R almost always fus-

I v o et e e e e e s m

. Fore wings with R and R4 completely fused; hind wing with
strong fringeon Cu . ... i
Fore wings with Rs and R4 stalked, separating apically......... k

i. Cell in hind wing closed by a delicate but nearly complete Veln,
frenulum of female consisting of a single spine. .. ............ j
Cell in hind wing widely open; frenulum of female multiple. (See
couplets k, m). (Raphiptera) ........ CRAMBINZ, part
. Proboscis strong, separating the palpi toward the base: larvae
usually leaf-rollers, a few feeding in stored foods. (Phycita,
Ephéstia (Fig. 406) (E. kuehniélla, Mediterranean flour moth),
Plodia (P. interpunctélla, Indian-meal moth, world wide pest
of dried fruits, nuts, corn and other cereals), Aerébasis, Dior§c-
tria, Nephropteryx). (ANERASTIIN £, Hampson).
PHYCITINE
Proboscis weak or vestigial, not separating the palpi and concealed
by them when coiled. (Pedria, Ponjadia, Anerastia, Hypso-
tropa) (HYPSOTROPINAE) ............ ANERASTIINZE
. Hind wings with a heavy fringe on the base of Cu; labial palpi
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beak-like, the maxillary palpi triangular. (Argyria, Crambus,
Diatr&a (corn and sugar cane borers) Thauamtdpsis). (See
couplets i, m) . . . CRAMBINZ, part

Fringe on base of Cu very hght or wantlng, maxillary palpi plu-
mose, or small and concealed .

. Fore wings with raised scale—tufts (Eplpaschla, Tetra,lopha,,

Oneida, Pococera). (POCOCERIN.E) . ... EPIPASCHIINZE
Fore wings smooth, without raised scale-tufts. (See couplet e).
PYRALIDINZ, part

. Hind wings with fringe on Cu heavy; labial palpi beak-like, the

maxillary palpi triangular. (See couplets i, k). -
CRAMBINAZA, part
Fringe on Cu light or absent; labial palpi rarely beak-like, the
maxillary palpi usually moderate or small, not triangular. .. .n

. Hind wings without loose, spatulate hairs on the upper surface. .o

Some loose hair near the inner margin of the hind wing, part of it
forming a weak fringe on Cu which runs into a group of spatu-
late hairs or scales below Cu. (Glaphjyria, Dicymolomia,
Llpocosma) . .GLAPHYRIINE

. Fore wings with Ry stalked with R3 and R4 larve aquatic. (El6-

phila, Nymphula (= H ydrocampa), Burrhypara, Muso-
tlma,) (HYDROCAMPINAE) ... ... ... .. NYMPHULINE
Fore wings with Rsfree. .

-p
- Labial palpi beak-like; maxﬂlary palpl large “and trlangular

fore wing usually slightly rough-scaled, with M, well separated
from Rj at origin, about as far from base of Rs.4 as from M,.
(Scoparia, Xeréscopa) ................... SCOPARIINAE
Labial palpi often upturned; maxillary palpi very rarely large and
triangular (Loxostegépsis) and in that case with Rs,s and M;
closely approximate. (Loxdstege (Web-worms), Désmia,
Phlycté®nia, Agrétera, Sylépta, Margardnia, Héllula,
Pantbégrapha, Diaphania (Melon and Pickle-worms), Py-
ratsta (P nubilalw, European corn borer)) (AGROTER-
INzE) . PYRAUSTINZAE

Tympanum developed ; cheetosema reduced or wanting; dip in Sc
of hind wings located beyond the discal cell and sometimes
resulting in a fusion with Ry R .. . 81

Tympanum not developed; chaetosema present dlp in Sc of hlnd
wings opposite the middle of the discal cell, humeral vein
present; day flying, butterfly-like moths. (See couplet 96).

CALLIDULIDZ&E
Ocelli well developed; frenulum of male knobbed. (Thyatira, pa-
lzearc.). (See couplet 60) ............ THYATIRIDZE, part

Ocelli vestigial; fore wings commonly with recurved tip. (Fig. -
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405). (See couplets 65, 95). (Buchéra, Edapteryx, Drépana,
Cilix, palwearc.; Falcaria, holarc.). (DREPAN ULID.E).

DREPANIDZAE

82. Proboscis present, palpi recurved above the vertex, with bare

third joint; ocelli present, eyes bare; thorax and abdomen

clothed with smooth scales; day-flying, often colored. (Fig.

402). (Peridrémia, Callimérpha, palzarc.; Hfpsa (= Asdta),

Aganais). (CALLIMORPHIDZE, AGAN AID&, ASOTIDZ).

HYPSIDZE

Figs. 402-406. Lepidoptera

402. Hypsa, wings (Hampson) Hypside.

403. Lymantria, wings (Hampson) Lymantriidee.

404. Pterophorus, hind leg of male (Fernald) Pterophoride.
405. Euchera, wings (Hampson) Drepanidz.

406. Ephestia, wings (Chittenden) Pyralididz.

Proboscis absent (except in Munichryia); thorax and abdomen

hairy . ..o 83
83. Fore wings with a single radial areole, apex of wings rounded.
(See couplet 85) .................. LYMANTRIIDA, part

Fore wings with two radial areoles, the basal one very long, apex
of wing acute; female without frenulum. (See couplet 93). Aus-
tralasian. (Anthéla, Chelépteryx, Munichryia).

ANTHELIDZE, males

84. Tympanal hoods large, consisting of two rounded bosses separated
by about one-third the width of the abdomen; black moths with

light marks on the wings and often with metallic tints. West

and South United States .................. PERICOPIDE
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Tympanal hoods less conspicuous and more lateral; fore wings
with radial areole usual]y present
85. Ocelli present; hind wings with M, sometimes weak, or rarely
absent, M; independent or very short-stalked with Ry, basal
areole formed by Sc and R very small, less than one-sixth the
length of the discal cell
Ocelli absent; hind wings with M, as strong as the other veins,
M; stalked with Ry, basal areole more than one-sixth the length
of the discal cell. (Fig. 403). (See couplet 83). . Principally
indomalayan and ethiopian, but containing the following im-
portant species of holarctic distribution: (Lyméantria (=Li-
paris) (L. ménacha, Nun moth); Porthétria (=Ocnéria) (P.
dispar, Gipsy moth); N§gmia (=FEupréctis) (N. pheorrhea,
=chrysorrhea, Browntail moth); Stilpnétia (S. sdlicis, Satin
moth); Orgyia (= Notlophus); Hemerocimpa (Tussock
moths). (LIPARIDID.Z, LIPARIDZ, OCNERIIDZ).
LYMANTRIIDZE
. Hind wings with vein M, imperfect or obsolete. (C'4 RADRIN-
IDE) NOCTUIDA. ... a
Hind wings with vein M, well developed .. PLUSIID&E .... d

. Eyes hairy. (Alstia, Cirphis (=Leucanie), cosmop. (C. unipincta,
Army worm)) MELANCHRIN &
Eyes bare
. Eyes not ciliated '

Eyes furnished with a marginal row of long cilia curving over
them. (Polia, Conistra, Orthosia, holarc.; Cuctllia, holarc.,
ethiop.) POLIINAE

. The four posterior tibize spinose. (Heliothis ( H. obsoléta, Corn
earworm, Cotton boll-worm), Elxoa, Agrotis, widespr.; Tri-
phena, holarc.; Noctua). (AGROTINE) NOCTUINZE

Tibiee not spinose. (Acronycta (= Apdtela), Luperina, holarc.;
Nonagria, widespr.; Monddes, mainly Amer.; Hadéna,
cosmop.; Carddrina) CARADRININ &

. Hind wings with M, and Mj3 parallel. (Herminia, Bomélocha,
holarc.; Hypéna, cosmop.) HYPENINE

Hind Wings with M, and M; close together at base, diverging
apically

. Eyes glabrous

Eyes hairy. (Colocasia, holarc.; Moma,)

. Eyes not ciliated. (Catocadla, holarc.; Grammédes, mainly
tropical; Brastria, cosmop.; Eustrbtla, Eublémma, widespr.).
CATOCALINZE
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. Hind wings small, with Sc apparently wanting; tympanal hoods
very large, the abdomen sometimes constricted behind them;
day-flying, usually brightly colored moths. (Fig. 407). Mainly
indoaustr. (Euchromia, Cteniicha, Amata (=Sjntomss),
Scépsis, Cosmosdma). (SYNTOMIDAE, AMATIDA, SYN-
TOMIDIDZ) EUCHROMIID &

Hind wings with Sc well developed; tympanal hoods not excep-
tionally large. Widespread

. Hind wing with Sc and R fused from near the base to the middle
or near the middle of the cell, leaving a small basal areola.
(Fig. 410). Mainly tropical. (Hyléphila, palearc.; Earias,
Old World; Sarrothripus, palezarc., indoaustr.).

HYLOPHILIDE

Hind wings with Sc and R fused from extreme base to near or
beyond the middle of the cell

. Ocelli present. Large, widespread group. (Phaegdéptera (=

- Opharus), Parasémia (= Hyphoraia), Nemedphila (= Para-
sén.1a, pt.), Arctia, Hiploa, Utetheisa, Apantesis, Hyphin-
tria (Webworms), Euprépia, Autémolis, Halisidota, Estig-
mene, Diacrisia) ARCTIIDE

Ocelli absent

. Fore wings smoothly scaled, rarely M; or M; wanting. (See
couplet 48). (Eudésmia (=Cisthene, auct.), Cisthene (=
Illice), Lithdsia, Hypoprépia, Chion®&ma, widespr.).

LITHOSIID &

Fore wings with tufts of raised scales. (Fig.411). (Néla, Reesélia,
Uraba, Célama) 0

. Hind wings with Sc entirely free from R. Indomalayan. (Cocgtia).
(EUCOOYTIIDE) - .. . COCYTIIDE

Hind wings with Se and R connected for a short dlstance at base,
sometimes forming a very small basal areolet; rather small
or medium-sized day-flying moths of brilliant colors, often
dark, ornamented with large pale spots. (Fig. 409). Forester
moths. Principally ethiopian and indoaustralian. (Agarista,
Alypia, Androléma, Eusémia, Phal®ndides). (PHALzE
NOIDID ) AGARISTIDE

. Hind wings with the straight Sc connected with the cell by a bar
near or before the middle of the discal cell

Hind wings with Sc free from R or fusing for a greater or less
distance, but not joined to the cell by a bar near the base of the
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93. Fore wings with two radial areoles; a simple medial stem indi-
cated through the discal cell; margin of fore wings notched just
below the tip. Australian. (Male with frenulum, see couplet
83) ANTHELIDZ, females

Fore wings with no radial areole, Ro_s and M; seriately stalked; a
forked medial stem indicated in the discal cell; wings not
notched. Pal®arctic. (Endromis, monotypical). (ENDROM-
IDZE) .o ENDROMIDIDE

407 409
Gl
T

Figs. 407-413. Lepidoptera

407. Euchromia, wings (Hampson) Euchromiidee.

408. Pterothysanus, wings (Hampson) Pterothysanidze.
409. Alypiodes, wings (Hampson) Agaristidee.

410. Earias, wings (Hampson) Hylophilide.

411. Nigetia, wings (Holland) Nolids.

412. Epicnaptera, wings (Hampson) Lasiocampidee.
413. Hypoprepia, wings (Hampson) Lithosiidee.

94. Fore wings with R, long and free, or arising from base of the
stalked Ry, 5; Rs and M, short-stalked; hind wings with Sc and
R, fused for a greater or less extent near the middle of the
discal cell, humeral angle wide and strengthened by one or
more humeral veins. (Fig. 412). Widespread, mainly tropical.
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(Télype, Epicnaptera (=Gastrépacha), Lasiocdmpa, Erio-
gaster, Ma,lacosoma (=Clisiocampa).  Tent caterpillars)

(L- 4CHNEID1E) .. ......... LASIOCAMPIDA
Fore wings with Ry short and arlslng apically from R; or from
Roys .. cee .95

95. Fore Wlngs w1th R5 free, R4 remote flom Rs and endlng bevond
tip of the wing, outer margin not sinuate; hind wings with Sc
dlppmg toward R in front of cell. . el ..96

Fore wings with R,_; stalked, R4 very close to R and enterlng the
costal margin; hind wings with Sc dipping toward or fusing with
R beyond the cell. (See couplets 65, 81). (Oréta).

DREPANIDZ, part

96. Fore wings with R, free, only R;,4 stalked; hind wings with lower
margin bearing a double fringe of long woolly hairs. (Fig. 408).
Indian and African. (Pterothysanus, Hibrildes).

PTEROTHYSANIDZAE

Fore wings with R4 stalked; hind wings without long fringe. Indo-
malayan. (See couplet80). (Callidula, Cleis). CALLIDULID &

97. Maxillary palpi conspicuous, folded in resting position. .. .....98
Maxillary palpi straight and porrect, or vestigial (if of folded type,
inconspicuous or invisible).......... - . 104

98. Basal segment of antennz enlarged and concave beneath formmg

an eye-cap, larger than the eye; wing-membrane aculeate. . .99

Eye-cap small or undeveloped; fore wings usually with large cell

and branched veins. .. .......... ... ... ... ... .. .. ... 100

99. Fore wings with branched veins, normally with short trapezoidal

aculez distributed over entire membrane; cell sometimes absent;

media usually dipping deeply into wing; extremely small moths,

the wing expanse as little as 3 mm. (Fig. 414). Leaf miners.

(Nepticula, cosmop.; Scoliatila, Eur.; Glaucélepis; Ectee-
démia; Obrassa; Trifareula). (STIGMELLID.E).

NEPTICULIDE

Fore wings with three or four simple veins only, aculez pointing

forward, in rows and confined to a small area at the base of

the wing; hind wings linear; mostly oriental, three North

American species. Larve legless miners in bark or rind. (Opé6-

SEega) . ... ... OPOSTEGIDZE

100. Fore wings with R; extending to outer margin, wing-membrane

not aculeate; head with a few erect hairs behind. (Acrolepla.,

€osmop. ) . - . ACROLEPIIDA&

Fore wings w1th R;, extendlng to the costa sometlmes absent. 101
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Head usually entirely smooth; strongly flattened species, coxee
flat and appressed, fore wings curved down at apex, hind wings
narrow-lanceolate; venation sometimes reduced; mostly orien-
tal. (Opdgona, ethiop.; Ph&oses, nearc.; Enéphila, ethlop Y
indomal.). (OINOPH Ir DAE)............. ENOPHILIDE

Head tufted, at least on the vertex, sometimes with a naked area
above the eyes behind the antenns, in which case the hind wings
are ample; venation complete, accessory cell commonly present,
four or five branches of R extending to the costal margin. . .102

Wing-membrane aculeate (Fig. 369); hind wings with Sc having
a strong basal fork (the lower branch being R:) or considerably
swollen at the base, R and Sc usually sharply divergent from
the base; vertex roughly hairy. .. ....................... 103

Wing-membrane not aculeate; hind wings with R, rarely as
strong as the other veins and when distinct placed well out from
the base of the wing, connecting Sc and R which are closely
parallel toward the base. Widespread. (See couplet 112).
(Isocérypha, Diachorisia, Leucémele, (Bnoe). TINEIDE

Folded part of maxillary palpi half as long as the width of the
head. (Budarcia, Incurvaria, holarc.; Phylloporia, palearc.;
Lampronia, holarc., ethiop.; Nemophora., Paracleméns1a)
(LAMPRONIIDAE) ................... INCURVARIIDE

Folded part of maxillary palpi two-thirds as long as the width of
the head. (Fig. 415). Yucca moths; larvee boring in seed pods
of Yucca. (Prodéxus, Tegeticula (= Prontba), Amer.).

PRODOXIDE

Basal joint of the antenne enlarged and concave beneath, form-
INZ AN EYE-CAD « o v ot ee et et e e e e e 105

Basal joint of the antennz not forming an eye-cap, sometimes
provided with tufts of scales or a pecten of bristles. ... .... 107

Venation complete and nearly parallel, hind wings with Sc end-
ing at apical fourth and discal cell reaching the middle of the
wing. (Calésima, holarc.). (see couplet 146).

BLASTOBASIDAE

Venation reduced, wings linear-lanceolate with sharply pointed
-apex, fore wings with the veins at the apex of the discal cell
radiall) diverging; hind wings without discal cell, the principal
vein axial. (Fig. 417) . s e .106

Labial palpi minute and drooplng, or absent fore w1ngs typlcallv
with a closed anal cell, or the vertex rough. (Fig. 417). (Buc-
culatrix (Ribbed cocoon makers), Lyonétia, cosmop.; Be-
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déllia, Leucdptera (= Cemidstoma), widespr.; Phyllobréstis).

(BEDELLIID./E CEMIOSTOMATID.ZE, ERECHTH IID.Z,
HIEROXESTID.ZE). (Including BUCCULATRIGID ).

. LYONETIIDE

Labial palpi moderate, upcurved; no anal cell; vertex smooth;

eye-cap small, no pecten. (Phyllocnistls, part). (See couplet

139) oo PHYLLOCNISTIDE

414.

415.

416.

417.
418.

419.

107.

108.

Figs. 414-419. Lepidoptera
Ecteedemia, wings (Braun) Nepticulidz.
Tegeticula, mouthparts of female (Packard): mp, maxillary palpus;
p, palpifer.
Setomorpha, wings (Busck) Setomorphidz.
Bedellia, wings (Clemens) Lyonetiidz.
Cecidoses, wings (Brethes) Cecidoside.
Tinea, wings (Spuler) Tineide.

Vertex and upper face at least tufted with dense bristly hairs
(with flattened short hair in Amydride, which have strongly
bristly palpi) . ........ . 108

At least the face smooth and with short scales even though the
vertex may be rough-crowned. ........... ... .. . oL 109

Labial palpi with the first joint short, and the second joint bristly,
on the outer side and equal to the fusiform third joint. .. ... 110

Mouthparts wholly vestigial.” South American gall-making
species, with very indistinct venation. (Rididschina).

RIDIASCHINIDZE
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Labial palpi scaled or short-hairy, the third joint usually long
and pointed, or very short in the species with roughest vesti-
ture . . .. 113

Mouthparts Wholly undeveloped front and hlnd Wlngs each with
a single anal vein, fringe short; larvee gall-makers. (Fig. 418).
South American. (Cecidoses, Oliéra,) ...... CECIDOSIDAE

Wing-membrane aculeate over all; female with piercing ovi-
positor; antennz often longer than the wings. (Adéla, pale-
arc., neotrop.; Nemotdis, Old World; Chalcéopla, nearc.).

_ ADELIDE

Wing-membrane not generally aculeate; ovipositor membranous,
retractile . .. ... ... 111

Fore wings with R; free, arising from the accessory cell. (Fig.
A1) L 112

Fore wings with a hyaline aculeate fovea in the accessory cell
distorting the venation, Rs, 4, 5 seriately stalked. (Fig. 416).
(Setomoérpha, widespr.) .............. SETOMORPHIDE

Vertex with high, rough, bristling vestiture. (Fig. 419). (Tinea
(Clothes moths), Mondpis, Scardia, cosmop.; Tinéola
(T. bisseliélla, Clothes moth), Trichéphaga (7. tapetzélla, Case-
bearing clothes moth), Ténaga, widespr.; Elatobia, holarc)
(See couplet 102). (Including MONOPID.E) . .. .. TINEIDE

Vertex with short, flattened hair. (Am§dria) .. AMYDRIID&E

Labial palpi elongate, deeply scaled, but not bristly, with the
first joint at least subequal to the second joint, or much longer,
of female typically porrect, of male upturned; eyes sometimes

hairy or scaly. . T § €
Labial palpi with the ﬁrst Jomt small eyes bare ............ 117
Proboscis absent or obsolete; neuration complete; moderate-
sized species;noocelli........... . ... o i 115
Probosciswelldeveloped. .. .......... ... ... .. .. 116

Slender, long-legged Sesiid-like moths; vestiture not spatulate
or tufted; antennee exteriorly ciliated on apical half; third
joint of labial palpi minute and bare. (Ashindga, Formosa).

ASHINAGIDAE

Vestiture deep and spatulate on the thorax, with well marked an-
terior and posterior tufts; eyes more or less distinctly hairy;
stout, Noctuid-like moths; American, mostly tropical. (Acrd-
lophus, Burrowing webworms) .......... ACROLOPHIDAE

Hind wings trapezoidal, apex pointed, outer margin strongly
sinuate, veins Ry, M; and M, nearly parallel; fore wings with
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R, and Rj stalked or coincident; hind tibise thinly clothed with
long hairs above, densely rough-haired between spurs beneath.
Indomalayan. (Amphithéra, Agriothéra, Telethéra).
AMPHITHERIDE
Hind wings with greatly reduced venation, frenulum of female
simple; ocelli posterior; larvee on cocoanut. Austromal. (Aga-
néxena, Hemolytis). (See couplet 153) . AGONOXENIDZE
Hind wings relatively ample, with well developed anal region,
rounded at apex or trapezoidal, or more or less deeply notched
below the apex, often wider than their fringe; venation more
orlesscomplete ... ... ..ot 118
Hind wings narrow-lanceolate and pointed, or linear, never much
wider than their fringe; sometimes without closed cell, venation
often muchreduced. .. ........ ... ... . L. 134
Hind wings with M; and sometimes also M, absent. .........119
Hind wings with M; present, associated with R (if M; of the hind
wings and Al of the fore wings are rarely absent (Gelechiidz)
the outer margin of the hind wings is more or less emargin-
AT+ttt e e 120
Hind wings with the cell closed, M; and M, both wanting, Ry
extending alone, the outer margin not concave; fore wings
heavily tufted, all the branches of R free, R; ending beyond the
wing tip, Cus from near end of cell, A1 absent; mostly Australian
and Hawaiian. (Carposina (C. fernaldana, American currant
fruit worm), Béndia)................... CARPOSINIDE
Hind wings trapezoidal-ovate, with cell open and M; and some-
times also M, absent; fore wings with R; absent. (Metachanda,
Ancylomaétis, Chan§stis, ethiop., ind.) . METACHANDID &
Hind wings with 3A distally forked; venation complete, acces-
sory cell present, all veins separate; front wings with two medial
stems in cell. (Larvee at first parasitic in Homoptera, later
myrmecophilous). (Cyclotérna, austr.). CYCLOT ORNID &
Anal vein not distally forked. .. ......... ... ... . ... ... 121
Hind wings with radial vein shortly furcate at apex; labial palpi
with second joint thickened and with rather appressed scales,
last joint very short, filiform, obtuse; front tarsi much longer
than their tibize. (Anoméloga, ethiop.) . . ANOMOLOGIDZ&
Hind wings with radial vein not furcate at apex............ 122
Fore wings with Cu, arising before-the last fourth of the cell;
labial palpi beak-like, with the third joint short and blunt and
the second joint closely or. roughly scaled and usually porrect
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or oblique (short and nearly smooth in Laspeyresia, which
usually has a strong fringe on the base of Cu of the hind
WITIZS) oot e et e e e e e e e e 123
Fore wings with Cu, arising further out on the cell (except Gly-
phipterygidee, part, which have no fringe on the base of
CU) © oo 125
123. Upper side of the hind wings with a fringe of long hairs on the
basal part of Cu (if rarely absent in somes pecies of Laspeyresia
the fore wings have M; and M, rather close together at the tip);
fore wings with R, and R; separate, or with veins M, M; and
Cu; converging strongly toward the margin. (Fig. 420). A cos-
mopolitan group. (Anecylis (4. comptina, Strawberry leaf-
roller), Evétria (Pine twig moths), Carpocapsa (=C%¥dia)
C. pomonélla, Codling moth; C. sdltitans, Mexican jumping
bean moth); Rhyaciéonia (=ZEwveéiria, = Retinia), Anarmonia
(=Epinotia), Laspeyrésia (L. prunivora, Lesser apple worm;
L. anterstinctana, Clover-seed worm), Spilondta (= Tmeté-
cera) (S. ocellina, Budmoth), Olethretites, Melissopus,
Polychrosis (P. viteana Grape-berry moth), Gypsénoma,
Eucésma, Argyréoploce, Hemimene, PAmmene). (EUC’OS-
MIDZE, EPIBLEMID.Z, GRAPTOLITHID ).
OLETHREUTIDZE
Hind wings without a fringe of long hairs on-the basal part of Cu
(if rarely present the fore wings have R4 and R; stalked or
united); fore wings with veins My, M; and Cu; divergent or
parallel . ... ... .. 124
124. Fore wings with R; and R, stalked or coincident; hind wings with
M, and M; parallel, Rs and Mj; stalked. (Chlidandta, Ceylon;
Trymaltis, austr.) .................... CHILDANOTIDZE
Fore wings with R; and R, separate or rarely stalked, if stalked
then hind wings with M, amd M; arising close together from
the cell; distal end of 1A usually present (if wings are close-
scaled, 1A absent, and 2A simple, and the second joint of labial
palpi is broad, refer to Thyridide, couplet 73). A large wide-
spread family. (Cacccia (=drchips) (C. argyrospila, Fruit
tree leaf-roller; C. rosacedna, Oblique-banded leaf-roller), EtiKa,
Harméloga (H. fumiferana, Spruce bud-worm), Peronéa,
Rhopbébota (R. narana, Cranberry fireworm), Pindemis,
Tértrix (T. citrana, Orange tortrix; T. franciscana, Apple-skin
worm), Cnephisia, Argyrotéxa, Spargandthis). (SPARG-
ANOTHIDAE) . ..o, TORTRICIDAE
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125. Labial palpi beak-like, with the second joint rough-scaled on the
upper side and smooth within, and the third joint porrect and
inconspicuous; fore wings with Al lost, all veins independently
arising from the discal cell, rarely Ry and R; stalked; hind wings
with R and M, approximate or stalked and widely distant from
M. (If the second joint of the palpus is bristly on the outer side
and third joint is well set off refer to couplet 101; if Ry, are
stalked and both terminate in the costa and M, of the hind wings
is not widely separate from M, see Anarsia & of the Gelechi-
ide, couplet 126). Mainly holarctic. (Comméphila, Hyster-
osia, Phalonia (=Cénchylis), Pharmacis, Chlidonia, Phthe-
échroa, Euxanthis). (COMMOPHILID.Z, CONCHYLID ).

PHALONIIDZE

=
_— X"

423

Figs. 420-423. Lepidoptera

420. Hystricophora, fore wing (Heinrich) Olethreutidee.
421. Agnippe, wings (Busck) Gelechiide.

422. Gnormoschema, head from side (Busck) Gelechiidze.
423. Glyphipteryx, wings (Spuler) Glyphipterygidz.

Palpus upturned to the middle of the front or beyond, the third
joint long and slender, usually tapering. (If the palpi and pro-
boscis are obsolete, see couplets 20, 40, 46, Taleporitde, Psj-
ChId® . .o ... 126

126. Both wings with Al lost (extreme tip present in Symmoca, spp.);
outer margin of hind wing usually concave, sometimes quite
emarginate and the apex produced; fore wings with Rs running
into the costa, stalked with Ry (Figs. 421, 422). The largest
family of Microfrenatee, with about 400 genera and 3,700 species
including many destructive species. (Anacampsis (Leaf-
rollers), Anarsia (A. lineatélla, Peach twig-borer), Aristotélia
(4. fragarie, Strawberry crown-miner), Duvita, Dichémeris,
Glyphidécera, Recurvaria, Sitotrdga (S. cerealélla, Angou-
mois grain-moth), Pectinéphora (P. gossypiélla, Pink boll-
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worm), Phthorim&a (P. operculélla, Potato tuber moth),

Telphuisa, Thiétricha, Gnorimoschéma (Goldenrod gall

moth), Geléchia, Sophrdnia, Symmoca, Trichétaphe).

(See couplet 149). (DICHOMERID ). Most GELECHIID &

Al preserved, atleastatmargin. ......................... 127

127. Hind wings with R and M; close together, connate, or stalked . 128

Hind wings with R and M; well separated at origin, at least half

as far apartasatthemargin. .. ......................... 130

128. Fore wings elongate triangular, costa slightly bent near middle

where Rs terminates, Sc, R; and R; short, ending before middle

of wing, M, absent, M, and M3 both ending in costal margin;
maxillary palpi vestigial. (Strepsimana, India).

STREPSIMANID &

Fore wings with anterior veins longer, M; at least ending beyond

WING EIP. ¢ e vttt e e e 128a

128a. Wings relatively ample, fore wings blunt; maxillary palpi of

the folded type . .. ... . 129

Wings rather narrow, fore Wlngs sometlmes falcate, max111ary

palpi porrect. (Ceréstoma, holarc., neotrop.). (See couplet

183) e PLUTELLIDE, part

129. Fore wings with Rs; long-stalked and extending to the outer

margin, Cu; and Cup widely separated; mainly Old World.

(Ptochoryctis, Cryptéphasa, Xylorictes). (CRY PTOPH As-

IDAE, UZUCHIDE) . e XYLORICTIDE

Fore wings with Rj usually free and usual]y extending to the

costa, Cu; and Cu, usually connate or stalked; mostly New

World species. (Stendéma, Menésta, Setiéstoma). (STENO-

MATIDZE) ... cooii i ie i STENOMIDZE

130. Ocellismallorabsent .............c.coo ... 131

Ocelli usually very large and conspicuous; fore wings with Rs

ending beyond the wing-tip (Fig. 423). Largely oriental.

(C’HOREUTIDE HEMEROPHILID.Z, SIMAETHID./E)

GLYPHIPTERYGIDZE

Two well-marked subfamilies may be distinguished:

a. Wings relatively narrow, the apex of the fore wings more or less
extended as a lobe-like prolongation. (Glyphipteryx, cosmop.,
mainly austr.) .................. GLYPHIPTERYGINZE

Wings broad and triangular, the apex not lobed. (Choretitis,
w1despr , Simagthis (=dAllonényma), cosmop., mainly tropi-
ecal) ................................... CHOREUTINE
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Fore wmgs with R, and R; stalked. . . 132
Fore wings with R, and Rj; separate, R5 endlng beyond the wmg—
1230 X 133
Hind wings with M, arising nearer M; than to M. (Ethmla,
COSMOP. ). ....... ETHMIIDE
Hind wings w1th Mz arlsmg nearer M3 than to M;; palpi long,
reaching or surpassing the vertex. (@céphora, palzarc.;
Depressaria, widespr.; Agonopteryx, Dasjcera, Pleurota).
(See couplet 149). (DEPRESSARIID).
Most ECOPHORIDE
Hind wings with M; and M stalked; antennze extending forward
in repose. (Plutélla (P. maculipénnis (=cruciferarum), Dia-
mond-back cabbage moth), cosmop.). (See couplet 128).
PLUTELLIDZE
Hind wings with M; and M, separate. (¥Yponomeuta, widespr.;
Atteva, tropicopol.; Orthot#®lia, palearc.; Urddus). (AT-
TEVIDE, based on pupal characters only, H YPONOT 1D,
misprint, HYPSELOPHIDA, HYPONOMEUTID.ZE, OR-

THOTzﬂLIIDzE) e . YPONOMEUTIDZE
Fore Wlngs without closed cell .......................... 135
Fore wings with discal cell formed. ...................... 136

Hind tibiee heavily spined; tarsi spinose at apex of joints; fore
and hind wings linear, with three or four unbranched veins only;
middle or hind legs commonly displayed when at rest. (See
couplet 141) . ..................... HELIODINIDZE, part

Hind tibiee hairy; fore wings lanceolate, with seven veins reach-
ing the margin. (Coptodisca, “Shield-bearers ). (See coup-
let 139) ... ..o HELIOZELIDZ, part

Hind wings lanceolate, sometimes very small, at least one-sixth
as wide as long, with the R-stem axial, widely separated from

Hind wings with the R-stem closely associated with Sc at the -
base, or lost; or wing linear and the veins crowded or much re-

duced, the R-stem not prominently axial. .. .............. 140
Hind wings without dlscal cell, Cu-stem often simple; palpi
drooplng ............................................ 138

Hind wings usually lanceolate, with a discal cell, the Cu-stem at
least two-branched; fore wings with R; arising before the middle
of the cell; palpi usually upturned beyond the middle of the
front, often strongly divergent. (Fig. 425). (Elachista, cos-
mop.; Cycnodia, Aphelosétia, Chrysopeléia, nearc.; Per-
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ittia, paleearc.). (APHELOSETIID A&, CYCNODIIDZ,
CH RYSOPELEIIDE) .................. ELACHTSTIDE
138. Hind wings with an obhque branch from the R-stem to the costa
near the middle of the wing, and sometimes another nearer the

tip. (Tindgma, nearc.; Douglasia, palzarc.).
DOUGLASIIDE
Hind wings with R-stem not sending a branch to the costa near
the middle of the wing-length, but sometimes with a branch
nearthetip . ... ..o i 139

Figs. 424-430. Lepidoptera

424. Scythris, wings (Walsingham) Scythrididze.
425. Elachista, wings (Spuler) Elachistidz.

426. Coleophora, wings (Forbes) Coleophoridze.
427. Coptotriche, wings (Walsingham) Tischeriidze.
428. Mompha, wings (Busck) Cosmopterygidze.
429. Antispila, wings (Spuler) Heliozelidz.

430. Holcocera, wings (Forbes) Blastobaside.

139. Discal cell two-thirds the wing-length; lanceolate; hind tibise
: hairy. (Fig. 429). (Antlspila, Heliozéla, widespr.). (See
couplet 135) ...................... Most HELIOZELID &
Discal cell reaching almost to the end of the wing, its posterior

edge straight, the branches of R, M and Cu very short; hind

tibie with a row of strong bristles. (Some species of Phyllo-
cnistis). (See couplet 106) . ........... PHYLLOCNISTID A&

140. Accessory cell unusually large, extending halfway to the base of
the wing and hind wing without closed cell and with reduced
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venation; hind tibize very hairy; antennz long, those of the male
heavily ciliate; vertex often with a large loose semi-erectile
tuft. (Fig. 427). (Tischéria, widespr. (7. malifoliélla, Apple
leaf-miner) . .. .. oooi i TISCHERIIDE
Accessory cell smaller, or more often absent (if long, hind wing
with closed cell and complete venation); otherwise of different
conformation . ........ T S 141
Hind tarsi with more or less distinct groups of bristles near the
ends of the several joints, the hind tibiz smooth-scaled or with
stiff bristles; middle or hind legs displayed when in resting
position, either raised or held out sideways. (Heliodines,
holarc., austr.; Schreckensteinia, holarc.; Pancalia, Au-
gasma, palezarc.; Strathmoépoda,indoaustr., ethiop., palzare.;
Idiogléssa, Eucleménsia). (TINEGERIID.E).
Most HELIODINID &
Hind tarsi without evident groups of bristles. .............142
Fore wings with four veins or less, either free or stalked, extend-
ing from the cell to the costa, and five or six from the cell to
the inner margin, the last branch of R ending beyond the tip of
the wing; hind wings with R and M usually widely separated
atthemargin ........... ... oo, 143
Fore wings with five veins extending from the cell to the costa,
or with only three or four to the inner margin, the last branch of
R ending before the tip of the wing (except Epimarptide). . 145
Fore wings with R; arising beyond the middle of the cell, about
as long as Re. (Fig. 424). (Scythris (=Butalis), cosmop.;
Paralogistis, ethiop.). (SCYTHRID.Z, BUTALIDE).

: SCYTHRIDID &
Fore wings with R; arising before the middle of the cell, longer
than Re . .. oo e 144

Hind tibi stiffly bristled, normally in tufts at the spurs; hind
wings with M, and M, separate. (Epermeénia (=Chauliddus),
widespr.; Acanthédra, nearc.; Catapléctica, paleearc.).

EPERMENIIDE

Hind tibiee with long loose hair; palpi small and drooping; hind
wings with M; and M; united or long-stalked. (Argyrésthia
(A. conjugélla, Apple fruit-miner), widespr.; Zelléria, cosmop.;
Hofmannia) ....................... ARGYRESTHIIDE

Fore wings with the discal cell set obliquely, the end distinctly
closer to the hind margin than to the costa, Cu, very short and
usually extending directly back to the margin. ............ 146
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Forewingswith thediscal cell axial and central, Cug normallylonger
and continuing parallel with themedial veins, rarely obsolete, 148
Fore wings with blunt discal cell, R, arising from the middle of
the wing, veins R, to Cu arising from the end of the discal cell,
with a long stigmal thickening between the costa and R;; hind
wings with Sc and R normally fused for a short distance near
the base; antenna with a heavy pecten on the basal joint.
(Fig. 430). Mainly tropical species. (Blastobasis, widespr.;
Auximoébasis, Am.; Dryopéria, Holcécera, Pigritia, Valen-
tinia). (See couplet 105).......... Most BLASTOBASID A&
Fore wings without stigma, R, arising distinctly before the end
of the discal cell; hind wings with R not fused with Se, some-
times vestigial. (Fig.426) . ......... ... ... 147
Front tibiz slender, with the epiphysis small and apical or want-
ing, the hind tibiee with the upper spurs above the middle;

' antenne porrect in repose. (Fig. 426). (Coleéphora (= Hap-

loptilia) cosmop. (C. fletcherélla, Cigar case-bearer; C. malivor-
élla, Pistol case-bearer); Goniodoma, Metridtes, palearc.).
(EUPISTIDA, HAPLOPTILIIDZ) .. COLEOPHORID &
Front tibise stouter, with the epiphysis at the middle; antennz
turned back in repose. (Batrichedra, Blastodicna, Pyro-
dérces). (See couplet 153). ... COSMOPTER YGIDZ, part
Labial palpi with the third joint normally blunt, fusiform and
more or less angulate with the second, the joints not curving;
maxillary palpi porrect but not folded across the proboscis, or
reduced, sometimes absent; A2 not forked at the base. (Acro-
cércops, Cracilaria (G. syringélla, Lilac leaf-miner); Litho-
collétis (= Phyllonoricter) (Leaf blotch-miners); Marmara (M.
pomonélla, Apple-skin miner); Paréctopa; Parérnix, Ornix).
(EUCESTIDZE, LITHOCOLLETIDAZ, PHYLLORYCTER-
IDE) ... GRACILARIID &
Labial palpi with the third joint long, tapering, pointed, the
second joint curving up; maxillary palpi small, but of folded
type, curving over the base of the proboscis; A2 commonly
formedatthebase .............. .. ... .. .. ... 149
Both wings with Al preserved at the margin and A2 forked at the
base; basal joint of the antenns with a strong pecten of bristles.
(Borkhausénia, Endrosis). (See couplet 132).
ECOPHORIDA, part
Hind wings and usually also the fore wings lacking Al; antennee
often withoutapecten . .......... ... ... .. ... .. ... 150
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Fore wings with no veins emerging from the end of the discal cell
between the continuations of the R and Cu—+ M stems. (Hélice,
Theisoa). (See couplet 126) ........ GELECHIIDE, part

The oblique end of the discal cell of the fore wings emitting
several veins between the R and Custems................151

Labial palpi with appressed scales, the second joint with a pro-
jecting pencil of scales above; antennz with the basal joint -
elongate, a notch near the base of the stalk covered by an
oblique tooth beneath it; hind tibise rough-haired above; fore
wings with Rs; ending beyond the wing-tip. (Epimérptis,

TNAIA) « e e EPIMARPTIDE
Labial palpi without dorsal tuft; base of antenne not toothed;
R; endmg before wing-tip . ... e .152

Hind wmgs elongate-ovate or ovate-lanceolate Wlth the costal
margin simple, regularly arched. Hawaiian. (Hyposmécoma,
Diplésara, Aphthonstus). (DIPLOSARID.E).

HYPOSMOCOMIDZE

Hind wings lanceolate or linear, at most with a slightly devel-
oped costal lobe toward the base, accentuated by a tuft of stiff
scales beyond which the costa is straight or slightly concave,
the apex always acute. . - .153

Hind wmgs with reduced neuratlon, R M and Cu a,pparently
simple veins, no crossveins, subcosta very short, frenulum
simple; labial palpi strongly flattened and rather rough-scaled
on anterior edge throughout. Austromalayan. (Agonéxena,
Hemoélytis). (See couplet 116)........ AGONOXENIDAE

Hind wings, except when linear, with several branches of Cu
and M and the crossvein preserved, frenulum usually mul-
tiple; palpi with the second joint smooth or tufted below.
(Fig. 428). A large cosmopolitan group. (Cosmépteryx, Chry-
soclista, Homal8édra, Synalligma, Walshia, Stagmato6-
phora, Lavérna, Loph6ptilus, Mémpha, Perimeéde, Psaca-
phora, Limnaecia (L. fragmitélla, Cat-tail moth)). (Compare
couplet 147). (LAVERNIDE) . Most COSMOPTER Y GID &

Fore wings with R five-branched, all the branches simple, un-
forked, and arising from the discal cell; eyes strongly lashed
in front; antenna separated at the base by a distance greater
than half the width of the eye, usually hooked at the tip; stout
bodied butterflies of rapid, erratic flight; hind tibise usually
with a middle spur. Skippers. (HESPERIOIDEA)......155

Fore wings with some of the branches of R stalked or absent ;
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/‘% jgssma\a

Antenna of skipper, apical portion (Duncan) Hesperiidee.

Antenna of butterfly, apical portion (Duncan).

Epargyreus, last joint of tarsus of male (Scudder): a, dorsal view; b,
lateral view. Hesperiidz.

Epargyreus, side view of head (Scudder) Hesperiide.

Lycana, details of legs (Scudder): a, front leg of male with tarsal joints
at left more enlarged; b, front leg of male with last tarsal joint at left
more enlarged; ¢, middle leg of male. Lycesenids.

Calephelis, details of legs (Scudder): a, tibia and tarsus of front legs
of male, with tarsus at left more enlarged; b, tibia and tarsus of front
leg of female, with last joint at left more enlarged; ¢, tibia and tarsus
of middle leg of male.

Euphydryas, details of legs (Scudder): a, tibia and tarsus of front leg
of male, with last joints of tarsus on left more enlarged; b, tibia and
tarsus of front leg of female with last joints of tarsus below more en-
larged; ¢, tibia and tarsus of middle leg of male. Nymphalide.

Megisto, details of legs (Scudder): a, tibia and tarsus of front leg of male,
with tarsus at left more enlarged; b, tibia and tarsus of front leg of

female, with tarsus at left more enlarged; ¢, tibia and tarsus of middle
leg of male. Satyride.

Figs. 431-438. Lepidoptera
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eyes rarely lashed; antenne closer together, the antennal club

never pointed and recurved at the tip (Fig. 432); hind tibie

never with a middle spur. Butterflies. (PAPILIONOI-

DEA) 157

155. Hind wings with the discal cell divided by the forked base of the

media; M, fully developed; male with frenulum. Australian.

(Buschémon). (See couplet 15).

Females of EUSCHEM ONID &

Hind wings with the base of the media wanting and M, more or

less reduced, often wanting. ........................... 156

156. Head much narrower than the metathorax; antennal club large,

not drawn out at the tip nor recurved; wing expanse 40 mm.

or more; fore wings with M, nearer to M; than to M;; palpi
porrect. Giant skippers. (Megathymus, N. Am.).

MEGATHYMIDZE

Head large; antennal club usually drawn out at the tip and with

a distinct recurved apical crook (rarely the crook is not formed

in some species whose small size distinguishes them from the

Megathymidze). (Figs. 431, 433, 434). .. .. ... HESPERIIDZE

a. Antennal club large, and cylindrical or cylindrical-conical, usually
reflexed before the swollen part. Mostly South and Central
American. (Pyrrhopyge, Mysoria, Myscelus, Jemadia,
Apgrrothrix). (THAMYRIDID.E)... . PYRRHOPYGINZE

Antennal club not wholly reflexed. .. ........................ b

‘b. Antennal club bent near the middle, ending in a long hooked or
bent point, often as long as the swollen part; palpi stout, the
second joint raised against the face, the third joint long, slender,
bare and porrect; male without costal fold; discal cell of fore

" wing two-thirds as long as the wing-length, M, ending some-
what closer to M; than to M;. (Ismene, indomal.; Hasora.,
indoaustr.; Rhopalocimpa, ethiop.) . . ISMENINZ&E

Antennal club without a long hooked terminal portlon, and fore
wings with discal cell less than two-thirds the wing-length.
If the antennal club has a long hooked terminal part and the
discal cell is more than two-thirds the Wing-lencrth the palpi
are not upturned against the face. .. .. .. .c

c. Fore wings with discal cell at least two-thlrds as long as the Wlng,
when shorter M, arises closer to M; than to Mj. (Figs. 433,
434). (Achlyddes, neotrop.; Telégonus, Thymele, neotrop.;
Eudamus, Epargyreus, Am. mostly trop.; Urbanus (= Hes-
péria, = Pyrgus, auct.) widespr.; Erynnis (= Thdnaos) palearc.
Am.; Tagiades, Old World tropic.; Pholisdra, nearct.; Celeen-
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orrhinus, tropicopol.). (ACHLYODIDZ, EUDAMIDZ,
PYRGID/E TELEGONID.Z, TH YMELIDzE URBANI NAZ,
HESPERIIN./E) .......................... ERYNNINZE
Fore wings with discal cell less than two-thirds as long as wing,
M., arising closer to M; than to Mj; and usually with an oblique
brownish brand across the disk of the fore wings. Cosmo-
politan. (C&nides, Cyclépides, ethiop.; Ancyléxipha,
Atryténe, Thymeélicus, Am.; Ochlédes, nearc.; Hespéria
(=Pdmphila) holarc.; Halpe, indomal.; Dalla, Thracides,
neotrop.; Parnara, ethiop., indomal. ) c YCLOPIDI D.Z,
PAMPHILIN &, auct.) .................. HESPERIINE

157. Front legs normal, or if slightly reduced in size and structure,

with the claws toothedorbifid. .. ....................... 158

Front legs, at least in the male, more or less strlkmgly different

from the other pairs, usually not used for walking, the claws of

their tarsi, when present, never toothed or split...........160

158. Tarsal claws large, not toothed or bifid; anterior tibize with pads;

fore wings with Cu apparently four-branched and with two or

three anal veins; hind wings with the anal area reduced, one

anal veIn present. .. .. ...ttt 159

Tarsal claws bifid; anterior tibiz without pads; fore wings with

Cu apparently three-branched and one anal vein present;

hind wings with two anal veins: medium sized or rather small

butterflies with broad wings, typically yellowish or white with

blackish marginal markings. Cosmopolitan. (Ascia (= Péntia,

Pieris) (A. rape, Cabbage butterfly), Edrymus (=Colias),

Euréma, Nathalis, Catopsilia, Zeréne, Anthécharis,

Synchloe (Orange-tips)). (PIERIDAE).......... ASCIID &

159. Fore wings with radius five-branched, anal crossvein present;

hind wings usually with a wavy margin and a tail-like prolon-

gation; ground color of wings yellow or black; large showy

butterflies with contrasting color pattern. (Fig. 444). Swallow-

tails. (Iphiclides, Troides (=Ornithéptera), Laértias, Pa-

pilio). (EQUITIDAE) .................. PAPILIONIDAE

Fore wings with radius four-branched, no crossvein between the

base of the discal cell and the anal vein; medium sized butter-

flies, ground color of wings cream-white, marked with dusky

and usually with a red eye-spot on the hind wing; mainly alpine
species. Parnassians. (Parnassius, holarc.).

PARNASSIID &

160. Front legs much reduced in size in both sexes and without tarsal
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claws, folded against the thorax and not used in walking, their
tarsi with only one joint in the male, usually with five joints in
the female; fore wings with the radius five-branched. (Fig.
437). (NYMPHALIDZAE, s. lat.) ........ooooeeenin.. .. 161
Front legs of female functional, with tarsal claws; of male more
or less reduced, sometimes with a single claw; fore wings with
the radius three- or four-branched. (Fig. 436)............ 167

2 —

—

4 443 444

Figs. 439-444. Lepidoptera

Caligo, wings (Stichel) Brassolidze.

Caligo, tibia and tarsus of front leg of female (Stichel) Brassolidse.
Caligo, tibia and tarsus of front leg of male (Stichel) Brassolidee.
Danais, wings (Scudder) Danaidz.

Calephelis, wings (Stichel) Riodinids.

Papilio, wings (Comstock) Papilionidse.

. Hind wings with the discal cell closed by a well developed
VOIIL © ot it i e e e e e 162
Hind wings with the discal cell open, or closed by a vestigial
VEIT oo e e e e 166

. Front feet of female ending in a corrugated knob; fore wings with
the subcostal vein forked at the extreme base, A3 preserved;
antenne not scaled above; generally large butterflies with bold
contrasting coloration; mainly tropical. (Figs. 370, 442). (See
couplet 166). (Danais (=Anosia) (D. plexippus, Milkweed




238

163.

164.

165.

166.

BULLETIN: MUSEUM OF COMPARATIVE ZOOLOGY

butterfly), Heliconius, Acr®a). (ACRZIDZE, EUPLE-

IDZE, LYMNADIDZ, MANIOLIDE) . ....... DANAIDE
Front tarsi of female present, though more or less abbreviated;
fore wings with A3 lacking. (Fig.438).................. 163
Fore wings elongate oval, twice as long as broad; mainly tropi-
cal . e 164
Fore wings much less than twice as long as broad. .......... 165

Antennge clothed with scales, at least above; front tarsi of the
female four-jointed; wings opaque; medium sized, brightly
colored butterflies. Almost entirely neotropical. (Apostra-
phia, Col&nis, Didne (= Agraulis), Migonitis (= Heliconius,
auct.); Cethésia, indomal.). (PALZOTROPIDAE, HELI-

CONIIDE) ... oo EUEIDIDE
Antennze naked; wings often in great part translucent and desti-
tute of scales. (Dircénna, Ithéomia) ......... ITHOMIID &

Fore wings with some of the veins greatly swollen at the base:
usually small butterflies, rarely rather large, feeble fliers,
frequently of brownish colors, with yellowish eye-spots or
ringed marks. (Fig. 438). (Megisto (=Cissia, Neongmpha),
Cenonympha, Sityrus (=Cerc yonis), Argus (= Satyrodes),
Eneis, Enddia). (AGAPETIDE). ... ....... SATYRIDE

Fore wings with the veins not swollen at the base: large, tropical
species with very broad wings, above with deep rich colors,
below with eye-spots and intricate lines. (Figs. 439, 440, 441)
Neotropical. (Caligo, Brassolis, Opsiphanes). (CALIGON—
IDAE) ... BRASSOLIDE

Hind wings with a large, cradle-like depression along the anal
edge in which the abdomen rests: large species, usually with
brilliant metallic blue color; tropical. (Morpho, neotrop.;
Amathisia, Amathuxidea, indoaustr.). (ARGID.E).

MORPHOIDE

Hind wings without a structure of this sort: usually moderate-
sized species without brilliant blue coloration; many common
brightly colored butterflies. (Figs. 437, 371). (Dryas (=A4r-
gynnis), Brénthis, Euptoiéta (Fritillaries); Euphydryas
(=Lemonias, Melitea), Phyciddes (=Crescent-spots); Ha-
madryas (= Aglais, Euvanéssa, Vanéssa), Eugdnia, Jundnia,
Polygdnia (=Grdpta), Vanéssa (= Pyrdmeis), (Angle-wings)
Basilarchia (=Limenitis), Heteréchroa (Sovereigns),
Chlorippe (= Apatura) (Emperors) ; An®a (Goatweed
butterflies). (ARGYREID.E)............. NYMPHALID A&
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167. Palpi very long, porrect, from one-fourth to one-half as long as
the body and thickly hairy. Snout butterflies. Cosmopolitan.
(Lib§thea, Hypatus) ............. D LIBYTHREID &

Palpi not elongated, of ordinary size...................... 168

168. Hind wings with the costa thickened out to the humeral angle,
Sc with a spur at the base, the humeral vein. (Figs.426,443).
(ERYCINIDE, LEMONIIDZ, RHIODINID.Z, NEMEO-
BIIDE, PLEBEJIDE, auct.). .............. RIODINIDE

a. Hind wings with base of costa developed (Fig. 443); almost wholly
neotropical. (Mesosémia, Riodina (=FErycina, auct.), S. Am.;
Eurybia, Caria, B&otis, Caléphelis, Lymnas). RIODININE

Hind wings without basal vein: (Dodéna, Zémeros, indomal.;
Abisara, indomal., ethiop.; Euselasia, nearct.; Hades, Heli-
cdpis (= Plebéius), neotrop.; Nemedbius, Eur.; Dicalla-
nelira, malay.) . ........... ... ... ... NEMEOBIIN A&

Hind wings with the costa not thickened at the base and without
the humeral vein; fore wings with M; almost always arising
from the anterior angle of the discal cell: generally small, deli-
cate species, the antennz ringed with white; often brightly
colored and with very slender tail-like appendages on the hind
wings. Widespread. (Strymon (=Thécle), Atlides, Inci-
salia, Mitotira' (Hair-streaks); Lyc®mna (= Heddes, Chrysé-
phanus), Tharsalea (Coppers); Evéres, Lycenépsis, Glau-
copsyche (Blues). (C UPIDfNIDE RURALID &).

LYCAENIDE
169. Head of female moth of the usual form and structure. .. .. .. 170
Head of female of abnormal form and structure, resembling that
of the caterpillar. (See couplet 42).

Females of some HETEROG YNID&E
170. Moth developing in and frequently never leaving a sack or case
constructed by the larva and carried about by the latter during
growth. (See couplets 26, 40, 42). Females of PSYCHIDA,
TALZPORIIDZE and some HETEROG YNID &
Moth not developing in such a sack constructed by the larva, the
latter entirely free-living . ............. ... . L 171
171. Body scaly or hairy; or if woolly, without ocelh ............ 172
Body densely woolly; ocelli present. (Trichioséma). (See
couplet 89) . i . Females of some ARCTIIDZE
172. Palpi usually. long and extended forward .................. 173

Palpi short, almost concealed. (See couplet 124).
Females of some TORTRICIDA&E




240 BULLETIN: MUSEUM OF COMPARATIVE ZOOLOGY

173. Body stout, densely woolly, with short legs. (See couplet 85).
Females of some LYMANTRIID &

Body slender, hairy or scaly, with relatively long legs. (See
couplet 50) .......... Females of a few GEOMETROIDEA

Lepidoptera, Larve

The key given below follows closely that used by Forbes in his
Lepidoptera of New York state, which is based on the system elab-
orated by Fracker. It includes the more important families as they
may be distinguished on the basis of those genera whose larve have
been carefully and systematically studied. Wherever possible other
families have been added, but at present a knowledge of even the
European and North American forms is so incomplete that the present
key must be used only as a guide in identification, and must in no way
be relied upon as presenting characters of definite and final accuracy.
Many families are necessarily omitted.

1. Thoracic legs present, formed of distinctly chitinized segments;
abdominal prolegs usually present or indicated by crochets. . .2
Thoracic legs wanting or reduced to fleshy swellings without chit-

inized segments; prolegs frequently vestigial or absent. .. ... 7
2. Body segments bearing setee, stiff hairs, or spines, arising from
small tuberclesorplates . ............... ... ... ... ... 3

Body sete absent, replaced by large, ovate scales, arranged in
pairs; body slug-like, polygonal in cross section.
MICROPTERYGIDAE
3. Prolegs vestigial or absent, entirely without crochets. .. ....... 4
Prolegs present, or at least indicated by crochets which may be
reduced but never entirely absent....................... 14
4. Front not extending upwards to the vertex, except in cases where
the vertex forms a very narrow slit. ...................... 5
Front extending upwards to the vertex; small species, the larvee
living in portable cases from which they protrude the anterior
part of the body to feed externally or eat into the tissues of
leaves, fruits, etc. Case-bearers. ........ COLEOPHORIDZE
5. Head free, exposed in front of the thorax; body segments sepa-
rated by strong incisures; only the primary body sete present,
these usually distinet. .............. . o o il 6
Head concealed within the prothorax which bears a slit below
through which the mouthparts are protruded for feeding; body
almost always with spines or secondary hair, the primary setee
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obsolete; body with obscure incisures, but usually with pits.
Slug-caterpillars ............ ... ...l EUCLEIDAE

6. Sete iv. and v. distant on the abdominal segments (Fig. 51); pro-

legs present, but without hooks; living in the pods of Yucca.
Tegeticula of the PRODOXIDE
Setee iv. and v. adjacent (Fig. 446); prolegs absent.
A few GELECHIID &
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Figs. 445-452. Lepidoptera, Larve

Adela, setal map of third abdominal segment (Forbes) Adelidze.

Dichomerus, setal map of sixth abdominal segment (Forbes) Gelechi-
idee. :

Dichomerus, setal map of prothorax (Forbes) Gelechiidz.

Dicymolomia, setal map of third abdominal segment (Forbes).

Sthenopis, setal map of prothorax (Fracker).

Biordinal or double-rowed arrangement of crotchets on abdominal proleg
(Forbes).

Uniordinal or single-rowed arrangement of crochets on abdominal proleg
(Forbes).

Triordinal or triple-rowed arrangement of crochets of abdominal proleg
(Forbes).

Body fusiform, thickest at the middle; head small, the front reach-
ing only about two-thirds of the way to the vertex, closed above
and separated from the vertex by the epicrania; living in the
pods of Yucca. (Prodéxus) ................ PRODOXIDE

Body cylindrical or flattened; if somewhat fusiform, the front
extends upwards to the vertex........................... 8

Head with two ocelli on each side, or with one large one or with the
ocelliobsolete. .. ....... ... 9

Head with six small ocelli on each side. .. ................... 13
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9. Two ocelli on each side of the head; front not extending to the ver-

tex; larvee leaf-miners, forming blotch mines. . HELIOZELIDZ&E

One large ocellus on each side of head or ocelli obsolete. .. .....10

10. Front triangular, the ocellus frontal; larva making a large blotch
mine from which it drops to spin a cocoon in the ground.

, ERIOCRANIIDE

Front quadrangular; ocellus lateral in position. .............. 11

11. Front narrowed behind, wider in front; body cylindrical; prolegs,

if present, vestigial and borne on the second to seventh ab-

dominal segments . e .12

Front widest behind; body usually depressed prolegs, lf present

borne on the third to fifth segments of abdomen. See couplet

13) . ...... GRACILARIID®

12. Body not greatly lengthened about five times as long as thick;

prolegs usually present; larvee mining in leaves, bark or fruits,

or forming galls in twigs or petioles . ..... NEPTICULID.&

Body very slender, about ten times as long as thick; prolegs ab-

sent; larvee mining near the surface of the stems of herbaceous

or other plants ....... ....... OPOSTEGIDE

13. Vestigial prolegs, bearing hooks, present on the third to sixth

abdominal segments; larvee mining in leaves, usually making

a blotch mine. e . .TISCHERIIDE

Abdomen w1thout prolegs on the 31xth segment larvee leaf miners,

at least in the early stages, the older larvae sometimes spinning

a shelter on the surface of the leaf........ GRACILARIIDE

14. Body without secondary or tufted sete; tubercle vi. with a single

seta; vii. with at most three setee, unless the proleg has a multi-

serial circle of hooks when it may bear four sete. .. ........ 15

Body bearing tufted or secondary hairs; at least two sete on

tubercle vi. on the sixth abdominal segment, or with addi-

tional sete on the proleg......... R ..02
15. Sixth abdominal segment bearlng prolegs, although prolegs may
be absent on the more anterior segments. ................. 16

Sixth abdominal segment without prolegs. (See couplet 13).
GRACILARIIDZE
16. Hooks (crochets) of the prolegs arranged in a circle or ellipse,
which may be incomplete, or in transverseband. ........... 17
Crochets forming a single band, sometimes with a few vestigial
onesinaddition. ............... ... . 46
17. Prespiracular wart of prothorax with two setee. ..............18

Prespiracular wart of prothorax bearing three setee. .. ........ 19
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Hooks on prolegs uniordinal, z.e. with their tips forming a single
line (Fig. 25); body cylindrical; tubercle vii. of mesothorax
bearing a single seta; surface of body rough and granular.

ORNEODIDAE

Hooks on prolegs biordinal or triordinal, ¢.e. with their tips form-
ing two or three parallel lines (Figs. 26, 27), or uniordinal in
larvee with stout body and bisetose tubercle vii. of mesothorax.

Chrysauginz of the PYRALIDIDZ&

Hooks on prolegs forming two transverse bands, rarely reduced

BOOME . oo 20
Hooks on prolegs forming a circle or ellipse which is sometimes
broadly interrupted. . e e .26
Prolegs with the hooks elther in a smgle transverse Tow, or in two
multiserial bands. .. .. .. .. .21
Prolegs with the hooks arranged in two s1mple (unlordlnal)
series . .. .. - ... 22

Prolegs represented bv one unlserlal band of Very small hooks,
the prolegs practically absent; leaf-miners or case-bearers.
INCURVARIID &
Prolegs with many, short, vestigial hooks arranged in two trans-
verse multiserial bands (Fig. 458); case-bearers living in a
portable lenticular case made of a piece of leaf. .. ADELIDE
Setee iv. and v. of abdomen remote; young larvee living in ser-
pentine mines in leaves, later feeding externally.
Bucculatriz of the LYONETIID&
Setee iv. and v. of abdomen adjacent (Fig. 448).............. 23
Hooks on the anal prolegs disposed in two groups; habits various.
GELECHIIDE
Hooks on the anal prolegs in a single series. e .24
Front long, extending upwards at least two-thlrds of the way to
- the vertex . . e . 25
Front short extendlng about one—thlrd the way to the vertex
Cossula of the COSSIDZ&E
Spiracles elliptical, normal in size, those of the eighth abdominal
segment placed higher up than the others; body white, without
markings; boring in woody, or more rarely in the stems of
herbaceous plants . .. .. ... ce . BGERIIDAE
Spiracles very small, cxrcular, the last pair about in line with the
others; larvee usually living in portable cases and feeding ex-
ternally or sometimes mining, but never boring into the stems
of plants ........................... . COLEOPHORIDE
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26. Sete iv. and v. on abdomen remote, or very rarely absent in
minute Species . ................ e 27
Sete iv. and v. adjacent, often on a common tubercle; no small
hooks at the base of the principal series on the prolegs. .. .. .. 32
27. Hooks on prolegs arranged in a single, complete ellipse. .. .. ... 28
Hooks on prolegs forming an incomplete ellipse, or with additional
minute series at the base of the largeones. .. .............. 30
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Figs. 453-458. Lepidoptera, Larve

453. Scardia, setal map of third abdominal segment (Forbes) Tineidze.

454. Acrolophus, setal map of mesothorax (Fracker) Acrolophidze.

455. Acrolophus, setal map of prothorax (Fracker) Acrolophidze.

456. Carposina, setal map of first abdominal segment (Forbes) Carposinidz.

457. Carposina, setal map of eighth abdominal segment (Forbes) Carposin-
idee.

458. Adela, arrangement of crochets on proleg (Forbes) Adelidze.

28. Setee of prespiracular group on prothorax about as far from the
spiracle as from one another; seta i. of abdomen placed at a

higher level than ii. ...................... LYONETIIDZE
Setee of prespiracular group on prothorax about twice as far from
the spiracle as from one another. (Fig.449)............... 29

29. Seta i. of abdomen much lower than ii. (Fig. 453); larvze generally
case-bearers; the case usually ending in a triangular valve, more
rarely lenticular; often living on animal matter, fungi, etc.

TINEIDE

Seta 1. of abdomen not lower than ii.; habits varied. B
HELIODINIDZE
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. Meso- and metathorax with setz i.a and 1.b close together (Fig.
454); abdomen with seta iv. below the level of the spiracle. .31
Meso- and metathorax with seta i.a in front of i.b and well sepa-
rated from it; larvee boring in woody plants, commonly in the
TOOES « ot et it e e e e e .HEPIALID A

. Prothorax with seta beta at a higher level than alpha (Fig. 455).

ACROLOPHIDE

Prothorax with seta befa at a lower level than alpha. The Plu-

tellidee, Argyresthesiidee and Acrolepiidee will also run out here.
Families related to the YPONOMEUTID &

. Last pair of spiracles placed very high up, nearer to the mid-
dorsal line than setez i. of the anterior abdominal segments;
larvee internal feeders in the fruits of various plants. (Figs.
456, 457) . ... CARPOSINIDZ

Last pair of spiracles placed lower down, in the normal position. 33

. Mesothorax with two seteze on tubercle vii., above base of leg. 34

Mesothorax with only a single seta on tubercle vii. (Fig. 549);
seta ii. on ninth abdominal segment placed higher up than i.
(Fig. 463)

. Prothoracic spiracle higher than wide, 7.e. with its longer axis
vertical; seta i. of ninth abdominal segment placed higher up
than ii.; larvee boring in the tissues of plants, or leaf-rollers.

THYRIDIDE

Prothoracic spiracle with its longer axis horizontal; larvee living
in a portable case, from the anterior end of which they protrude
the anterior end of the body when feeding

. Thoracic legs with the last two segments stout; seta i. on abdomi-
nal segments below the level of seta ii. (Fig. 460). . PSYCHID&

Thoracic legs with the last two segments very slender; seta i.
on abdominal segments above the level of seta ii. (as in Fig.
461) TALZPORIIDE

. Sete ii. of ninth segment nearer together across the dorsum than
these setee are on the preceding segments, frequently on the
same plate

These sete as far apart across the dorsum on the ninth segment
as on any of the preceding segments, very rarely on the same
plate ........

. Sete iv. and v. on abdomen placed at almost the same level (Fig.

461); prolegs with the hooks forming a uniordinal row (Fig.

451); larvee boring in herbaceous plants or feeding in the seeds.

PHALONIIDE
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Setee iv. and v. on abdomen not at the same level, a line connect-
ing them diagonal or vertical; hooks on prolegs usually multi-
ordinal (Fig. 452). (Including the Olethreutidee and several
other related families) TORTRICIDAE

. Coxz of the metathoracic legs separated by less than twice their

own width
Coxze of the metathoracic legs separated by twice their own width;
prolegs small; small species; larvee with varied habits, mining
in leaves, boring in stems, rolling leaves or feeding in seeds.
COSMOPTERYGIDA&E

. Sete i. and ii. on abdomen widely separated.................40

Sete i. and ii. on abdomen close together. (See couplet 29).
HELIODINIDZAE, part

. Front short, not extending more than half way to the vertex,

usually much less than half way

Front longer, exteniding almost or fully two-thirds of the distance
to the vertex, narrowly. pointed above; small species with uni-
ordinal or biordinal hooks on the prolegs

. Species boring in plants, usually in wood; setee iv. and v. placed

on separate tubercles on the ninth abdominal segment; body
white . ..42
Leaf feeders setae iv. and V. together on the same tubercle on the
ninth abdominal segment;body brightly colored. STEN OMID

. Setae ii. of the ninth abdominal segment placed on a common

dorsal plate; adfrontal plates short, not attaining the vertex.
ZEUZERIDE

Setee ii. of the ninth abdominal segment on separate tubercles on
each side of the mid-dorsal line adfrontal plates attaining
the slightly cleft vertex . . . . COSSIDE

. Hooks of prolegs blordlnal i.e. of two lengths, therr tips forming

two parallel lines (Fig. 450) . . ... .44
Hooks of prolegs uniordinal, all of the same length w1th thelr tips
formlng one continuous line. .. .. .. ce ..45

.. Ocelli irregularly arranged, three of them closer together in a

group (Fig. 464); larve usually webbing or rolling leaves.
ECOPHORIDAE
Ocelli evenly spaced in a single group on each side of the head;
habits various GELECHIIDE

. Setaii. on the eighth segment of the abdomen usually placed above

and behind the spiracle; habits varied, often scavengers,_feeding
in nuts, or predaceous on scale insects. . ... BLASTOBASIDZAE
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Seta iii. on eighth segment of abdomen usually placed just above
or slightly before the spiracle; larve leaf-rollers or feeding

generally on foliage . .. .. .. .. .GLYPHIPTERYGIDAE
Prespiracular wart of prothorax bearlng three setee. .. ........47
Prespiracular wart of prothorax bearing two setee. .. .........48

Setee iv. and v. of abdomen remote, or if approximate the setee

" beta of the two sides of the body much closer together than the

setee alpha of the two sides of the body on the prothorax (Fig.
462); prolegs long and slender. (See couplet 31).

YPONOMEUTIDZE
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Figs. 459-464. Lepidoptera, Larve

Phalonia, setal map of mesothorax (Forbes) Phaloniide.

Thyridopteryx, setal map of fourth abdominal segment (Forbes)
Psychidee.

Phalonia, setal map of third abdominal segment (Forbes) Phaloniidee.

Argyresthesia, setal map of prothorax (Forbes) Yponomeutidee.

Phalonia, setal map of ninth abdominal segment (Forbes) Phaloniidee.

Depressaria, arrangement of larval ocelli (Forbes) (Ecophoridz.

Setz iv. and v. of abdomen placed close together; beta about as

far apart as alpha; prolegs usually short. . .ETHMIIDE
Tubercle vii. on meso- and metathorax with two setae ........ 49
Tubercle vii. on meso- and metathorax with a single seta. .. .. .51

Body setz minute, the tubercles placed in obscure rings, head
unusually wide; prolegs reduced; larvee formmg nests in loosely
rolled leaves . ...... e . THYATIRIDE

Body setz heavy, almost always splnulose, on conspicuous tu-

Cbercles .. e 50
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52.

53.
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55.

56.

57.
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Tubercle iii. of abdomen bearing two seta; larvee usually feeding
on lichens .....................iiilL. LITHOSIIDE
Tubercle iii. of abdomen with a single seta. (See couplet 69).
Utetheisa of the ARCTIIDE
Body usually with enlarged contrasting tubercles; eighth ab-
dominal segment with a conspicuous hump; banded or spotted
with black; larvz feeding externally on foliage. AGARISTID &
Body not as above; usually dully colored and not with conspicu-
ous transverse bands of black; usually external feeders on the
leaves of plants, sometimes boring into fruits, or cutworms.
NOCTUIDA&
Less than four pairs of ventral prolegs or with the first pair greatly
reduced . ... ... 53
Four pairs of ventral prolegs bearing hooks, and sometimes with
additional ones not bearing hooks. ....................... 54
Body hairs tufted; hooks on prolegs uniordinal (Fig. 25); three
pairs of ventral prolegs; larve feeding externally on foliage.
NOLIDZE
With only a few accessory hairs or sometimes with fine secondary
hair; usually only one pair of ventral prolegs (on the sixth ab-
dominal segment) in addition to the anal pair (on the eighth
segment). Including also most of the families of Geometroidea.

GEOMETRIDZE
Four pairs abdominal prolegs; anal prolegs sometimes reduced or
ADSENT . o\t e e e 55

Four pairs of abdominal prolegs on segments three to six and in
addition a pair without hooks on segments two and seven;
body bearing stinging hairs mixed with tufts of dense, soft hair.

MEGALOPYGIDZE

Anal prolegs entirely absent; body with secondary hair below, but
none above except on the few enlarged tubercles. DREPANIDZE

Anal prolegs present as a pair of large tubercles, or flagella at least

normally fully developed. .............................. 56
Hooks on the prolegs uniordinal, all of equal length, their tips
forming a single continuous line (Fig. 451)................ 57
Hooks on the prolegs biordinal or triordinal, of two or three
lengths, their tips forming two or three parallel lines. .. .. ... 71
Setigerous tubercles vestigial or absent, or obscured by secondary
hair . o 58

At least tubercle vi. many haired and distinct; secondary hairs
sparse or absent above the prolegs. .............. e 65
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64.

65.

66.

67.
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Anal plate bifurcated; head roughly papillose; third ocellus very
Jarge . oooe et e SATYRIDAE
Anal plate simple; head smoother; third ocellus rarely much en-
larged ... ..o 59
Body caterpillar-like in form; vegetarian species, not parasitic on
otherinsects . .. ...t 60
Body hemispherical, with a complete circle of uniordinal hooks;
living as external parasites of Homoptera (Jassidee and Ful-
goroidea) ..........iiiii i EPIPYROPIDE
Spiracles small, circular; ventral prolegs slender, more or less
petiolate, with expanded walking surface; usually leaf-rollers,
more rarely boring in the stems of plants. . PTEROPHORID&E

Spiracles elliptical, larger; ventral prolegs short. .. ........... 61
Body bearing dense secondary setze. . ...62
Secondary setz very sparse or absent above the prolegs with

simple sete or a few accessory ones. .. ............. ... .. .. 63

Notch of labrum deep, with parallel sides; anal prolegs as well devel-
oped as the ventral ones. (See couplet 51). A few NOCTUIDZE
Notch of labrum acute, with convergent sides; anal prolegs much
reduced, not functional; body often with spines, long fleshy
tubercles or humps, frequently brightly colored.
NOTODONTIDZE
Tubercle iv. much lower on the seventh abdominal segment than
on the other segments; anal prolegs more or less reduced or
modified . ...... .. e 64
Tubercle iv. at about the same level on abdominal segments six,
seven and eight. (See couplet 65)..A few LYMANTRIIDAE
Skin shagreened. ............. . .o i, DIOPTIDE
Skin smooth, not shagreened. (See couplet 62). NOTOD ONTID &
Sixth and seventh abdominal segments bearing eversible glands
in the middle above; body hairy, usually with conspicuous
tufts of brightly colored hairs; feeding externally on foliage.

LYMANTRIIDZE

No dorsal eversible glands. ...............................66

Spiracles small, circular. .. ......... ... oo o il 67

Spiracles of the usual size, elliptical . .. .. .............. ... .. 68
Ventral prolegs short, with a straight band of heavy hooks.

PYROMORPHIDAE

Ventral prolegs slender, more or less petiolate, with expanded
walking surface sometimes bearing a circle of hooks. (See
couplet 60) ...l PTEROPHORIDA
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. Mesothorax with two or three setigerous tubercles above the level
of the spiracles
Mesothorax with only one such tubercle above the level of the
spiracles; externally feeding species, commonly on grasses and
low plants, also some on lichens ........ EUCHROMIIDAE
. Tubercle, or seta iv. placed much lower on the seventh abdominal
segment than on the sixth or eighth segment, or absent
Tubercle, or seta iv. placed at the same level on the seventh as
on the adjacent abdominal segments; body clothed with dense
clusters of hairs and often with long, brightly colored tufts;
feeders on a great variety of plants ARCTIIDE
. Hooks on prolegs of even length, or gradually decreasing in size
toward the ends of the row. (See couplet 51).
’ A few NOCTUID &
Hooks on prolegs abruptly decreasing in size toward each end of
the row; feeding externally on leaves, often brightly colored.
_ PERICOPIDE
. Body without noticeable accessory or secondary hair; with not
more than eight hairs on the prolegs
Body with numerous secondary sete, at least on the prolegs; anal
prolegs well developed ‘
. Prolegs with the hooks arranged to form a complete circle
Prolegs bearing a band of hooks on the inner side, and sometimes
also a much weaker band on the outerside. ...............
. Subdorsal setee of abdomen simple
Subdorsal setze of abdomen represented by warts; body with
tufted hair from small warts; often webbing leaves.
SCYTHRIDIDE
. Surface of head rugose; body widest on the segments that bear
the prolegs; larva spinning leaves together for a nest when
young, later making a portable case of silk and pieces of leaf.
LACOSOMATIDZE
Surface of head smooth; body widest on the first segment of the
abdomen; larva constructing a portable case.
Some XYLORYCTID&
. Prespiracular wart of prothorax bearing two setz; sete iv. and v.
of abdomen usually distant from each other
Prespiracular wart of prothorax bearing three setee; setee iv. and
v. of abdomen approximate; anal prolegs well developed, with
hooks; larva spinning a light web ETHMIIDZE
. Spiracles subequal in size. (See couplet 49).. ... THYATIRID&E
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First and last spiracles twice as large as the others; young cater-
pillars living in a communal web, later feeding more or less
exposed . .... . ......... EPIPLEMIDA&

Setee very 1rregular in length some ten times as long as the others;
with obscure warts, at least in the earlier stages; sometimes

provided with scale-like hairs. .. .. .. .. . .78
Setee subequal or sometimes Wlth setae and promlnent Warts and
SPINES .« .« ettt et e e 79

Labrum with a notch that extends for two-thirds of its length,
or with the notch somewhat shallower and continued as a groove
to the base of the labrum; body hairy, strongly depressed, often
with slender dorsal hair tufts.

EUPTEROTIDAE, APATELODINZE

Labrum with a shallower notch which is not continued as a groove;
no dorsal hair-pencils; larva very hairy, with dense secondary
hair; usually feeding on the foliage of trees, sometimes in a
communal web . .. .. . LASIOCAMPID &

Eighth abdominal segment bearmg a medlan horn, process, plate,
ortubercle . ... ... .. 80

Eighth abdominal segment not thus armed on the mid-dorsal
e .o 85

Body bearing numerous branching spines or enlarged tubercles. 81

Body not thus ornamented, at most with two pairs of small spines
onthethorax. ......... ... ... ... ... 84

Head evenly rounded; hooks on prolegs biordinal (Fig. 26). .. .. 82

Head angulated or spined above, or the abdomen with several
mid-dorsal spines; hooks of prolegs usually triordinal. (Fig.
2T e NYMPHALIDE

Ninth segment of abdomen with a median dorsal spine; spines on
body strongly unequal, armed with short nodules or short
spinules; large and brightly colored . .....CITHERONIID &

Ninth segment of abdomen without a median dorsal spine,
or the body spines subequal and armed with dense, long
spinules. ....... .83

Tubercles ii. of nlnth abdom.mal segment from the two s1des of
the body fused into one on the dorsal line; body with bushy,
branching spines, not brightly colored.

SATURNIID&E, HEMILEUCINE

Tubercles ii. of ninth abdominal segment separate on each side
of the median line; very large; brightly colored caterpillars.

SATURNIIDE, SATURNIINZE
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Abdominal segments each divided into six or eight annulets; pro-
legs normal, not widely separated; body more or less cylindrical,
usually with oblique stripes or bands of color. Sphinx cater-
pillars ... ... SPHINGIDZE

Abdominal segments with two or three obscure annulets; prolegs
unusually widely separated; body without oblique color mark-
ings. Silkworms . .......... .. ... . ... BOMBYCIDAE

Head rounded, of the usualform. .......................... 86

Head strongly elevated, triangular in outline.

Lapara of the SPHINGID &

Ninth abdominal segment without a median dorsal spine. .. .. .87

Ninth abdominal segment bearing a small median dorsal spine.
(See couplet 80) .......... Anisota of the CITHERONIID &

Hooks on prolegs forming an ellipse, at most narrowly inter-
TUPted . ..o e 88

Hooks on prolegs arranged in one band which is occasionally in-
terrupted; or rarely forming two widely separated bands. .. .89

Head much larger than the prothorax which forms a narrow
“neck ”’; body widest at the middle, distinctly tapering toward
both ends; larvee commonly forming a nest in a folded leaf or
in several leaves webbed together........... HESPERIIDE

Head smaller than the prothorax, partially retractile; body cylin-
drical;larve boring in the stems of Yucca.. . MEGATHYMIDZE

Band of hooks on the prolegs reduced or interrupted at the middle
and with a narrow, spatulate, fleshy lobe arising near the inter-
ruption; head small. .. ........ ... ... ... ... .. ... 90

Prolegs without a fleshy lobe near the middle of the band of
hoOKS. .« oot 91

Head about half as wide as the body; body bearing a considerable
amount of secondary hair . ................... RIODINIDE

Head smaller, rarely more than one-third as wide as the body;
secondary hair less prominent; body short and broad, more or
less slug-like, with the legs and prolegs very short.

LYCZAENIDAE

Prothorax above bearing an eversible, forked scent gland; gland

when retracted showing as a groove; body not hairy or spiny,

but sometimes bearing fleshy filaments. .. ................ 92
Prothorax without a scent gland. .. .......... ... ... .. ... 93
Setae minute, not borne on tubercles or warts (except in the early

STAZES) vttt e e PAPILIONIDE

Setee well developed; some warts present ... ... PARNASIIDE
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93. Head and body entirely without spines, high tubercles or fleshy
fillaments . .. ...t e 94
Spines, high tubercles or fleshy filaments well developed on the
body; when reduced, large spines or tubercles are present on

thehead . ... ..t 97

94. Anal plate rounded, entire. ........... .. ..ol 95
Anal plate bifurcate at tip, bearing two distinct processes.

SATYRIDAE

95. Prolegs with only a single row of hooks, forming a curved band. 96

Prolegs with reduced hooks on the outer side in addition to the

well developed band; head small; sete never borne on promi-

nent warts . ......... ... i, LIBYTHEIDAE

96. Head noticeably larger than the prothorax ....NYMPHALIDZ&

Head smaller than the prothorax; sete usually borne on promi-

NENt WATES .« ..ottt it et ASCIIDE

97. Mesothorax and sometimes several other segments bearing fleshy
filaments; secondary setee short and confined to the prolegs.

DANAIDZE

Body without fleshy filaments. ............................ 98

98. Body spines slender, at least twelve times as long as wide; those

on the abdomen as long as the width of the mesothorax; each

abdominal segment with three lateral spines but no median

ones above .. ... EUEIDIDAE

Body spines, if present, not so slender; those on the abdomen

shorter than the width of the metathorax; median spines

usually present on the dorsum ............ NYMPHALIDZE
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Morphoide. Gen. Insectorum, fasc. 36, 67 pp. (1906).
Eueidide. Gen. Insectorum, fasc. 37, 74 pp. (1906).
Amathusiide, Morphoide. Das Tierreich, Lief. 34, 263 pp. (1912).
Beitrige zur Kenntnis der Riodinidenfauna Siidamerikas. Deuts.
Entom. Zeits., pp. 81-101 (1926).
Vorarbeiten zu einer Revision der Riodinide. Deuts. Entom. Zeits.,
1926, pp. 385-396 (1927).
Nemeobiinz. Das Tierreich, Lief. 51, 329 pp. (1928).
Sticeer, H. and Eirrarta, H. Heliconiide (Eueidide). Das Tierreich, Lief.
22, 305 pp. (1905).
WyrsmaN, P. Papilionide, Leptocircine. Gen. Insectorum, fasc. 4, 3 pp.
(1902).

ORDER DIPTERA

(ANTLIATA, HALTERATA, HALTERIPTERA,
HAUSTELLAT A)

Minute to moderate-sized, rarely large (over one inch) insects,
usually with good powers of flight: head usually vertical, freely mov-
able; antennsz variable, comprising either many similar joints or
frequently only three, the last joint sometimes annulated, sometimes
provided with a sensory style or arista as a phyletic adaptation of the
original terminal joints; mouthparts suctorial, incapable of mastica-
tion, usually constructed for lapping, sometimes for piercing; both
prothorax and metathorax small and fused with the prominent meso-
thorax; only the mesothoracic pair of wings developed, the veins and
crossveins not numerous, hind wings replaced by small knobbed struc-
tures (halteres), rarely wings vestigial or even absent; legs usually
alike, the tarsi regularly five-jointed. Metamorphosis complete, the
larvee wholly unlike the adults; larvee almost always legless maggots
or grubs, never with true jointed legs, frequently with indistinct head
and retracted mouthparts; pupa with the appendages more or less
adherent, the body either free or entirely encased in a seed-like capsule
(puparium) formed of the indurated last larval moult. Food habits
highly variable. Flies, Mosquitoes, Gnats, Midges.

Adults
1. Winged, 7.e. wings functionally developed, the insect capable of
flight . ..o e 2

Wingless, or with vestigial or abortive wings, incapable of func-
tioning for flight (Figs. 662-678). ..............coou.... 141
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2. Antenne generally longer than the thorax, usually consisting of a
flagellum of 6 to 16, rarely up to 39, nearly similar free joints
in addition to the two basal joints (Fig. 465a), rarely with a
differentiated style or bristle, sometimes (e.g. Bibio, Fig. 465d;
Stmulium, Fig. 465b; Anisopus, Fig. 465e) the flagellar joints
are crowded together; anal cell (cell Cu) widely open, rarely
narrowed in the margin of the wing, discal cell usually absent,
“second ” vein (Re,3) sometimes forked; calypters absent;
palpi usually elongate, hanging downward and normally com-
prising 4 or 5 joints; body very rarely with bristles; pleural
suture usually extending nearly straight between root of wing
and middle coxz. (Suborder NEMATOCERA)

A

LG

Fig. 465. Nematocerous Antennsee

A, Perrisia (Verrall) Cecidomyiidee; B, Simulium (Lugger) Simuliide; C,
Ceroplatus (Johannsen) Ceroplatide; D, Bibio (Verrall) Bibionida;
E, Anisopus (Verrall) Anisopodidze.

Antenn shorter, usually three-jointed, the third joint occasion-
ally complex, with more or less distinct annulations (Fig.
518b-e), or bearing a differentiated style (Fig. 518f, g) or
arista (Fig. 556), in Rhachicerinz the third joint divided into
about 25 segments (Fig. 518a); anal cell (Cu) distally narrowed
or closed, sometimes retracted and very short, or even absent,

~discal cell usually present, “ second ” vein (Reys) never fur-

cate; palpi short, one- or two-jointed, projecting forward;
pleural suture between root of wing and middle coxa twice
bent at sharp angles. (Suborder BRACHYCERA)

3. Mesonotum with a more or less distinct V-shaped transverse
suture beginning on each side in front of root of wings, the
pointed middle part close to the scutellum (Fig. 472); post-
pronotum well developed; female with a conical, generally pro-
truding, chitinized ovipositor; male genitalia usually enlarged;
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males dichoptic, eyes rounded, not excised at antennz; legs
very long and slender, easily breaking from the body at the
trochanters; costa encompassing wing, nine or more veins
terminating in wing-margin, subcosta long, endmg beyond
middle of wing. (Superfamily TIPULOIDEA). . i 4
Mesonotum without such a transverse V-shaped suture, a distinct
but interrupted suture present only in Blepharoceratidse which
have less than nine veins ending in the wing-margin; no discal
cell ..o 9
4. Radius with five branches all ending in the wing-margin, subcosta
furcate at its extremity, Sc, appearing like a crossvein ending
in Ry; first basal cell closed at middle of wing, second basal cell
distinctly shorter; one anal vein. (Tanydérus, neotrop.;
Peringueyomyina, ethiop.; Protéplasa, nearc. (Fig. 466)).

TANYDERIDE
Se
§ %ﬂa
A3 is
466 A 6a; o 467 ° 468 iz 1y o e

A Cuy My

Figs. 466-468. Tanyderidee, Trichoceratide, Cylindrotomidea

466. Protoplasa, wing (Alexander) Tanyderidze.
467. Paracladura, wing (Edwards) Trichoceratidee.
468. Cylindrotoma, wing (Alexander) Cylindrotomidee.

Radius with only three or four branches ending in wing-margin;
basal cells long, nearly always ending distinctly beyond middle
of wing and coextensive or nearly so, or the second longer than
the first; an accessory or marginal cell commonly present in
front of the end of the first basal cell, formed by the erect or re-
flexed shortened Rs or Rs., s located near the endof Ry. .. ... 5

5. Rs apparently simple (Fig. 467), R, in closer association with Rs
than with Rs; two distinct anal veins reaching hind margin of
wing; discal cell usually present at end of first basal cell; em-
podium present, pulvilli absent. .......................... 6

R, and R; stalked together (Fig. 474); one distinct anal vein reach-
ing hind margin; no discal cell formed between the branches
of media; a longitudinal fold in the wing-membrane crossing
anterior crossvein; ocelli absent; mesonotal suture not deep;
empodium minute, pulvilli present. (LIRIOPEIDAE)

PTYCHOPTERIDE
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a. Antenne 16-jointed; fourth vein forked as M; and M;; legs not
banded. (Ptychéptera (=Liriope) (Fig. 474), widespr.).

PTYCHOPTERINA

Antenne 20-jointed; fourth vein simple as Mi,.; legs banded

with black and white. (Bittacomérpha (Fig. 475), Bittaco-

morphélla, nearc.) ....... e BITTACOMORPHINZE

—_—""7”
469 1 ' 4% 473

471

2

Figs. 469-475. Tipulidee, Limoniidee, Ptychopteride

469. Limnophila, wing (Alexander) Limoniidz.

470. Tipula, wing. Tipulide.

471. Dolichopeza, wing (Alexander) Limoniidze.

472. Tipula, female. Tipulidee.

473. Tipula, profile of head, showing palpus (Alexander) Tipulidee.
474. Ptychoptera, wing (Alexander) Ptychopteride.

475. Bittacomorpha, wing. Ptychopteride.

6. Two or three ocelli present; last anal vein typically short, abruptly
curving into the anal angle; antennal segmentation indistinct
except at base; one pair of male claspers. (Trichdcera (= Pe-
taurista) Winter-gnats, Diaz6sma, Nothotrichdcera, Para-
cladura (Fig. 476), mostly holarc.; Ischnothrix, Cape Horn).

(PETAURISTIDAE)................ TRICHOCERATIDAE
Ocelli absent; last anal vein not retracted; two pairs of male
ClASPETS . .. ot 7

7. Last joint of maxillary palpi lash-like, much longer than the three
preceding together; Sc ending in Ry by an abrupt-curvature
of the tip but almost never also in the costa (Fig. 470); an-
tennz usually with 12 or 13 joints, rarely more; nasus usually
distinct. Many species, widespread, but principally holarctic.

TIPULID&E
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a. Vein Rs absent, or else the second anal vein not more than one-
third as long as the first anal vein; legs excessively long and
slender. (Dolichopéza, Bra,chyprémna Megistocera, Tany-

prémna) . ....... DOLICHOPEZIN &
Vein R, present “second anal vein one-half as long as first anal
vein; legs relatively shorter and stronger. . b

b. Antenn% verticillate, 7.e. with whorls of ha1rs ﬂagellum of male
not pectinate. (Tlpula, (Fig. 472), Holorusia, Longrio,

Nephrétoma (= Pachyrrhina)). . . . TIPULINZE
Antenna not verticillate; ﬂagellum of male antennae pectinate.
(Ctenéphora, X1phosura) .CTENOPHORINZE

Last joint of palpi shorter or not much longer than the two preced-
ing together; Sc ending in costa and usually furcate at tip, the
lower branch connecting as Sc; with R; (Fig. 468); antenne
6- to 16-jointed, rarely more, usually with 14 to 16 joints....8

8. Tibise spurred; two branches of radius reaching margin, due to
the apparent fusion of R; with R, 3, rarely R, and Rj separate,
in which case three branches of radius reach margin, R long,
arising near middle of wing; larvee eruciform. Principally hol-
arctic. (Cylindrétoma (Fig. 468), Libgma, Tribgma, Phal-
acrécera; Stibadécera, oriental) . ... CYLINDROT OMIDZE

Four branches of radius reaching margin, if but three branches
reach margln R; ends in costa and Rs usually arises beyond
middle of wing. A large, cosmopolitan family. (LIM N OBII DE)

LIMONIIDE

a. Tibiespurredattip...........................c.oeeu....b
Tibize notspurredattip.................................. d

b. Antennz six- to ten-jointed. (Hexé,toma,, mainly European;
Eriocera, Penthoptera) . cevi.......HEXATOMIINE
Antenne with more than ten )omts Y o

c. Sce located beyond origin of Rs (if before Ula, the wings are
pubescent). _(Limnéphila (Fig. 469), Adelphomyia, Epi-
phragma, Ula, Ulomérpha, widespr.) ..LIMNOPHILINE

Scy located before origin' of Rg; wings glabrous. (Pedicia, Di-
crandta, Rhaphidélabis, Tricyphona, mainly nearc.).
PEDICIIN &

d. Radius with four branches reaching margin. (Eriéptera, Cladura,

Gnophomyla,, Heldbia, Molophilus, Trimicra).
ERIOPTERINE
Radius with three branches reaching margin . Y

e. Antennez 14-jointed; claws with teeth on lower s1de (Limﬁnia,,
1803 (=Limnobia. 1818), chra,nomyla, D1scobola, Gera-
nomyia, Rhipidia) . ) . LIMONIIN &
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Antennz usually 16-jointed, rarely 12-jointed (Toxorhina) or 15-
jointed (Elephantomyia); tarsal claws usually without teeth
beneath. (Antocha, Atdrba, Dicranéptycha, Rhamphidia,
Teuchoélabis) ANTOCHINZE

9. Wing membrane with a secondary venation due to creases from
the folding of the wing in the pupa; legs long and slender;
hygrophilous species, frequenting swift-running streams, where
their larve live

Ay Gy

Figs. 476-481. Blepharoceratidze, Deuterophlebiidee

. Deuterophlebia (Edwards) Deuterophlebiidse.

. Hammatorrhina, wing (Bezzi) Blepharoceratids.

. Blepharocera, wing (Comstock) Blepharoceratidze.
. Paltostoma, wing (Williston) Blepharoceratidz.

. Bibiocephala (Cole) Blepharoceratidz.

. Edwardsina, wing (Alexander) Blepharoceratide.

. Wings large, densely covered with fine hairs, true veins almost
absent but an elaborate fan-like development of secondary
folds present; antenns excessively long, six-jointed; ocelli
and mouthparts absent. (Deuterophlébia, India (Fig. 476)).

DEUTEROPHLEBIIDE

Secondary venation forming a delicate network like spider web-
bing, in addition to the primary veins; mesonotum with a V-
shaped suture; ocelli and mouthparts present; eyes usually
divided horizontally into two parts by an unfaceted stripe;
hind coxee broadly attached to thorax. Widespread, mainly
holarctic and neotropical. (ASTHENID.E, LIPONEURID.E).
BLEPHAROCERATIDAE
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a. Wings with Mjs arising from middle of upper branch of cubital fork
(M,) (Fig. 481), m-cu crossvein present and almost in transverse
alignment with r-m crossvein and the short angulate bases of Rays
and R, along spur from R; projecting basal to the angulation,
radius four-branched; front trochanters scarcely half as long as
coxze. (Edwardsma, neantarc. (Fig.481)). EDWARDSINAE

Wing with M; free or absent, when present disconnected from the
other veins; if m-cu crossvein is present it is not in alignment
with the angulations of the branches of the radius, R without
basal spur; front trochanters nearly as long as coxee. ........ b

b. Fourth vein bifurcate, the lower branch (Mj) disconnected from
the upper (M, ,,); second. and third veins subequal in length,
usually arising separately from the cell; eight veins reaching
margin. (Blepharécera (Fig. 478), Blb1ocepha.la (Fig. 480),
Liponetra, Philorus, holarc.) . .. . BLEPHAROCERATINE
Fourth vein (M ;) simple; Re short or absent. . ........... c

c. Labial palpi small, usually oval and pubescent, much shorter than
basal part of labium, if somewhat longer the palpi are rigid
and the whole labium is reduced; third vein forked, .c. the
second vein (Rs,3) short, arising from the third vein (Rays)
near its tip; seven veins reaching margin. .. ................ d

Labial palpi very long, slender, bare, usually curled outwardly;
basal part of labium also long; maxillary palpi one-jointed;
no macrotrichia on Ry; Rg forked near tip, or simple, or absent;
only five or six veins reaching margin. (Apistomyia, widespr.;
Hammatorrhina (Fig. 477),Ind.; Neocurup1ra. Peritheates,
Austr.) . ... .. APISTOMYINZE

d. Hind tibie spurred “claws of both sexes SImllar female with
strong mandibles. (Paltéstoma (Fig. 479), Curuplra., Kel-
loggina, Limonicola, neotrop.) ... PALTOSTOMATINA

Hind tibiee without spurs; male holoptlc, claws wanting; female
dichoptic, claws dentate, mouthparts atrophied. (Hapalothrix,

Eur) ... HAPALOTRICHINZE

11. Costa continuing around the wing-margin, although often weaker
alonghindmargin ................... .. ..o ... 12

Costa disappearing beyond tipof wing. .. .. .........oooon... 17

12. At least nine veins reaching wing-margin. ................... 13
Less than nine veins terminating in the margin of the wing; often
holoptic. .. ..oo oo 16

13. Wing-veins, including hind margin, very hairy or scaly (Figs.
484, 490); body and legs hairy or scaly; ocelli absent. .. .... 14

Veins not fringed with flat scales; body and legs not scaly; sub-
costa ending in costa at or beyond middle of wing; dichoptic;
legs long and slender. ........................ ... ..., 15
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14. Wings short and broadly ovate or pointed (Fig. 484), held sloping

roof-like against the body when at rest, no crossveins except
sometimes near base, Sc very short, weak, ending free, radius
usually five-branched; tibiee without apical spurs; second an-
tennal joint not enlarged; small, apparently robust species
with densely hairy body, legs and wings; widespread, mostly
in warm or temperate regions. Moth-flies. ... PSYCHODIDE

482.
483.
484.
485.
486.

Figs. 482-486. Psychodideae

Bruchomyia, wing (Alexander) Psychodidse.
Sycorax, wing (Eaton) Psychodide.
Pericoma, wing. Psychodidz.

Psychoda (Cole) Psychodidze.
Phlebotomus, wing (Alexander) Psychodide.

Radial sector with four branches (Figs. 482, 486). . .....b
Radial sector with three branches, Sc short and aplcally erect
(Trlchomyla, Sycorax (Fig. 483))...... TRICHOMYIIN &
Distal section of Cuy elongate, extending generally parallel to My,
cell My about equal to cell Mj along the wing-margin, Sc re-
duced. (Psychoda (Fig. 485), Maruina, Pericoma (Fig.
484), Telmatoscopus, Termitadélphus) . . PSYCHODIN &
Distal section of Cuy short, bent toward the axilla, cell My at wing-
margin at least as wide as cell Cu, Sc long, Sce and usually Sc;
Preserved . ... c
Radial sector pectinately four-branched; mouthparts of female
elongate, formed for sucking blood. Sand-flies. (Phleb6tomus
(Fig. 486)) © @ 'ovoeeeeee e PHLEBOTOMINZE
Radial sector dichotomously four-branched; mouthparts not
formed for sucking blood. (Bruchomyia (Flg 482), Nemo-

palpus, neotrop.). (NEMOPALPIN.ZE).
BRUCHOMYIIN &
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Wings longer and narrow (Fig. 490), not held sloping against the
sides of the body, wing-margin and veins scaly, Sc ending in
costa beyond middle of wing, radius four-branched; antennz
of male usually feathered with long hairs; second antennal
joint enlarged: slender species, usually with long, moderately
hairy or scaly legs. In all regions, many species. . CULICIDZ&

Proboscis short, not fitted for piercing; wings hairy, scaled only at
margin; mesosternum without ridge; sternopleura divided by
transverse suture; lateral sclerite of metasternum much reduced,
not triangular (Fig. 488). (Coréthra (=M échlonyz), Chad-
borus (=Sayomyia), Eucoréthra (= Pelorémpris). (CHAO-
BORIDE or CHAOBORIN ) . . CORETHRINZE

Proboscis much longer than head, ﬁrm, of female adapted for
piercing; wings always fully scaled; mesosternum ridged; sterno-
pleura not divided by transverse suture (except Uranoteeniini,
Fig. 487); lateral sclerite of metasternum forming a triangular
piece between the bases of middle and hind coxee........... b

Palpi of female more than one-third as long as proboscis; abdomen
sometimes without scales; scutellum crescent-shaped, with
marginal bristles evenly distributed: larva without respiratory
siphon, resting horizontally at surface of water; eggs provided
with lateral floats. (Anépheles (Malaria mosqultoes))

ANOPHELIN &

Palpi of female less than one-third as long as proboscis; abdomen
always scaled: larva with well developed respiratory siphon;
eggs without lateral floats. .. ... .c

. Scutellum evenly rounded; clypeus much broader than long,

calypteres not ciliated; brlght-scaled day-flying, not blood-
sucking. (Megarhinus) MEGARHININAE
Scutellum trilobed, with marglnal bristles only on the lobes. .. .d

. Base of hind coxa in line with upper margin of lateral metasternal

sclerite which is a small triangular piece located between bases
of middle and hind coxw: day-fliers. (Sabéthes, Goeldia,
Joblotia, Limatus, Mendlepis, Wyeomyia). SABETHINZAE
Base of hind coxa distinctly below upper margin of lateral meta-
sternal sclerite; body scales usually sparse and rarely with
metallic colors: disease-bearing or obnoxious mosquitoes. .. ..e
Anal vein extending well beyond fork of cubitus; wings villose;
upper calypter usually ciliated. (Culex (C. quinquefasciatus,
Filaria mosquito), Aédes (4. ewgypti (cdlopus) (=Stego-
myia fasciata), Yellow-fever and Dengue-fever mosquito),
Lutzia, Ochlerétatus, Orthopodomyia, Psor6phora, Tee-

niorh§nchus (= Mansonia), Theobaldia (=Culiséta)).
CULICINZE
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Anal vein ending opposite or before fork of cubitus; wings not

villose; calypteres not ciliate. (Uranotenia (Fig. 487)). _
URANOTZENIIN &

15. Radius with four nearly parallel curving branches (Fig. 489),

the second vein (Rs,4) strongly arched, R; ending beyond apex
of wing; basal cells reaching distinctly beyond middle of wing,
coextensive; ocelli absent; joints of flagellum of antenne in-
distinctly separated. Few species, widespread, but mostly
holarctic. (Dixa (Fig. 489); Microdixa, Eur.; Neodixa, N.
Zeal) oo DIXIDZE

487.

488.

489.
490.

Figs. 487-490. Culicidee, Dixide

Uranot®nia, side view of thorax (Dyar and Shannon) Culicide.
1, sternopleura; 2, mesepimeron; 3, merite of middle coxa; A, front
coxa; B, middle coxa; C, hind coxa.

Eucorethra, side view of thorax (Dyar and Shannon) Culicidee. Expla-
nation of parts same as for Fig. 487.

Dixa, wing. Dixide.

Culex, wing. Culicide.

Radius with three to five branches (Fig. 492), the second vein

ending before apex of wing; basal cells usually not extending
beyond middle of wing, the second basal cell always shorter
than first; ocelli well developed; antenne 8- to 18-jointed, the
joints distinctly separated. Rare. (Hesperinus (Fig. 492);
Cramptonomyia, western nearc.)....... HESPERINIDE

16. Antennz composed apparently of two thick basal joints and a

terminal nine- or ten-jointed arista; wings with seven longi-
tudinal veins (Fig. 493), media unbranched, both basal cells
closed; both sexes holoptic, ocelli absent. Small, rare, wood-
land species, occurring in Europe, North America and the
Canary Islands. (Thaumalea (=Orphnéphila) (Fig. 493),
Androprosdpa). (ORPHNEPHILID.E).. THAUMALEID &
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Antennz long, composed of 10 to 36 cylindrical or bead-like joints;
wings with greatly reduced venation (Figs. 494-496). (I70-
NIDIDZE) ......cccovviiiiiinn... CECIDOMYIIDE

Wings broad, with three or at most six longitudinal veins, some-
times media and cubitus branches stalked, crossveins appar-
ently wanting; abdomen not swollen; eyes round or reniform,
sometimes with confluent projections above antenne: delicate,
often minute species. Gall gnats; widespread, principally
holaretie

496 = >

Figs. 491-496. Pachyneuridee, Hesperinide, Thaumaleide,
) Cecidomyiidee

Axymyia, wing (Edwards) Pachyneuride.
Hesperinus, wing (Johannsen) Hesperinide.
Thaumalea, wing (Williston) Thaumaleidz.
Mayetiola. Cecidomyiidz.

Hormosomyia (Cole) Cecidomyiidse.
Lestremia, wing (Kieffer) Cecidomyiide.

‘Wings much atrophied (Fig. 670) crumpled, with two longitudinal
and two crossveins; first five segments of abdomen enormously
swollen, the apical four segments small and slender, forming a
post-abdomen; eyes confluent above, separated below antennee:
adults found exclusively in nests of termites. (Termitomastus
(Fig. 670), South America). (See couplet 147). _

TERMITOMASTINZAE

. Wing-membrane peculiarly pubescent, the hairs (macrotrichia)

directed toward base of wing; tarsi five-jointed. ............ c
‘Wing-membrane with simple microscopic pubescence; metatarsus
longer than following joint, or the tarsi with less than five
joints; ocelli absent; media wanting or represented by a fold.
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(Heteropéza, Brachyneﬁra, Lasiopteryx, Miastor, Oli-
garces) ..... ...... HETEROPEZINE

c. Media (M1+2) forked or 51mple radlal sector present but some-

17.

18.

19.

times crowded close to costa; ocelli present; metatarsus longer
than following joint. (Lestremm (Fig. 496), Campylomyza,
- Hormosomyia (Fig. 495), Micromyia, Monardia, Prio-
néllus, Strobliélla) . . .LESTREMIINE
Media with anterior branch (NL+ 2) wantlng, ’VIg+4 absent or repre-
sented by a fold; ocelli absent; metatarsus much shorter than
following joint; antennal joints with whorls of looped threads,
or sometimes with horseshoe-like appendages. (Cecidomyia
(=1Itéonida), Asphondylia, Asteromyia, Colpddia, Con-
tarinia (C. johnsoni, Grape blossom-midge; C. pyrivora, Pear
midge), Dasynetira (D. rhodéphaga, Rose midge; D. trifolii,
Clover leaf midge), Diarthronomyia (D. hypogea, Chrys-
anthemum gall-midge), Diplosis, Lasiéptera, Phytophaga
(P. (Mayetiola) destrictor, Hessian fly, Fig. 494), Rhabdé-
phaga) ....... . ....... CECIDOMYIINE

Discal cell present in middle of wing contiguous to end of basal
cells (Fig. 500), media four-branched, eight veins reaching wing-
margin; ocelli present; dichoptic; antenns 12- to 16-jointed;
pulvilli wanting, but empodium pulvilliform. Widespread, not
many species. (Anisopus (= Rhyphus, = Phryne) (Figs. 465e,
500), Lobogéster, Olbiogaster). (PHRYNEID.Z, RHY PH-
IDAE) ... ANISOPODIDE

Wings without a discal cell formed between branches of the usu-
ally petiolatemedia. .. ................ ... ..., 18

Ocelli present, sometimes the lateral ocelli next to the eyes and the
middle one vestigial or absent. .. ........... ... .. .. ..., 19

Ocelli absent or at most vestigial: coxe not lengthened. . . .. .. 30

Second basal cell present (Fig. 501), usually longer than the first
basal and attaining middle of wing (shorter than first in Plecia
(Fig. 499) which has third vein furcate), anterior veins strong;
pulvilli present; antennz usually shorter than thorax, rather
stout, without constrictions between joints; male holoptic, eyes
large and divided into upper and lower parts; palpi four-jointed.
Widespread, mostly holarctic. March flies. . ... BIBIONIDZ&

Third vein furcate. (Plecla (Fig. 499), Penthétria). -
PLECIINZE
Third vein simple. (Bibio (Fig. 501), Bibiddes, Dilophus).
BIBIONINZE
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Second basal cell imperfectly separated from first (z.e. base of
media weak or undeveloped), or apically open, or very short,
never longer than first basal cell; pulvilli absent or very
IOUNUEE © .« o v e v e e i e e e e e 20

20. At least the four posterior tibize without apical spurs (Fig. 498);
cox short, much less than half the length of femora; antenne
short and robust, 10- 6r 11-jointed, the middle joints shorter
than broad; anterior veins strong, crowded close to costa, other
veins weak and inconspicuous, m-cu crossvein absent; eyes

contiguous or nearly so; palpi one-jointed. Minutg species,
mostly holarctic . ......................... SCATOPSIDAE

497. Canthyloscelis, wing (Edwards) Scatopside.
498. Scatopse (Cole) Scatopside.
499. Plecia, wing. Bibionide.
- 500." Anisopus, wing. Anisopodide.
501. Bibio, male. Bibionids.

a. Third vein forked, 7.e. R3 arising from Rj, costa reaching much
beyond Rs. (Coryndscelis, Synnetliron, holarc.; Canthy-

l6scelis (Fig. 497), Austr.) .......... CORYNOSCELINZE
Third vein (R;) simple; costa scarcely continued beyond third
VIIL . ottt e e e b

b. Holoptic, face narrow; front tibise without apical spine; mesono-
tum not elevated in front. (Scatépse (Fig. 498), Aldrovandi-
élla, Anapatsis, Reichertélla, Rhegmocléma, Swammer-
damélla) ....................... e SCATOPSINA

Dichoptic, face rather broad; front tibiz ending in a spine; meso-
notum elevated in front. (Aspistes, Arthria). ASPISTINZE

All tibiee with apical spurs (compare Fig. 502); coxa longer,
usually about half the length of femora. .................. 21
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. Radial sector with three branches, 7.c. second longitudinal vein
forked, the second vein (R, ;) arising from the third (R;) at
or before the anterior crossvein (r-m) (Fig. 491); antennee 15-
jointed, the joints longer than wide; male dichoptic; coxz not
lengthened. (Pachynetira, palzarc.; Axymyia (Fig. 491),
nearc.) PACHYNEURIDE

Radial sector with two branches

. Second basal cell apically widely open, the posterior branch of the
media when complete arising from the cubitus usually near the
base, anal vein incomplete, not reaching margin of wing (see
Fig. 504)

Second basal cell closed (see Fig. 506), the apparent crossvein (z.e.
the angular origin of M) sometimes located close to base of
wing (Fig. 507), or the media and cubitus coalescent where the
crossvein usually is located, or when the basal section of M
is wanting, the media appears to arise from Cu;; anal vein
reaching margin at least as a fold

. Anterior branch (R, 5) of radial sector abruptly extending to R,
appearing like an extra crossvein closing the small rectangular
or trapezoidal cell R; (Fig. 503); Sc usually reaching cell Ry;
ocelli usually remote from eye-margin; microscopic hairs of
wing-membrane typically irregularly scattered or the wings
pubescent. Many genera; Europe, America, Australia. (Scié-
phila (Fig. 503), Dibmonus, Dziedzickia, Monoclona, My-
comyia, Neoemphéria, Polylépta, Stenophrigma).

SCIOPHILIDE

Radial sector not branched, the cell R; open to the wing-margin;
Sc usually vestigial; microscopic hairs of wing-membrane seri-
ately arranged . .. . .24

. Coxe much elongated fully half the length of femora r-m Cross-

vein usually distinctly angulated from the second section of

radial sector (Fig. 505); cubitus usually formed and long petio-
late, rarely simple; eyes oval or reniform but without bridging
projections above antennee; palpi 4- or 5-jointed; prothorax
with bristles. The dominant family of Fungus-gnats. Wide-
spread. (FUNGIVORID.E) MYCETOPHILID&E

. Ri and R, running separately to base of wing, traces of base of
R. 3 present. (Lygistorrhina, Austr.).

LYGISTORRHININZE

R, arising from R, well beyond base of wing, or base of Ry wanting;

Ry snotpresent ...................................... b
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b. Antenne inserted plainly above middle of head; pronotum with-
out bristles; occiput flattened, orbital bristles seriate; media
with only apica disconnected parts present. (Mandta, holarc ).

MANOTINZE

Antenne inserted at middle of head; pronotal bristles developed;
occiput convex, orbital bristles not seriate; base of media de-
veloped, at most the forward branch interrupted. (Myceto-
phila (Fig. 502), Acnémia, Alldodia, Boletina (Fig. 505),
Cérdyla, Docosia, Dynatosoma, Exéchia, Gnoriste, Leia
(= Neoglaphyréptera), Phronia, Phthinia, Rhymosia, Tri-
chonta, Zygomyia.) ............... MYCETOPHILINZE

Figs. 502-505. Mpycetophilidee, Sciophilide, Sciaride

502. Mycetophila (Johannsen) Mycetophilidz.
503. Sciophila, wing (Johannsen) Sciophilidze.
504. Sciara, wing (Johannsen) Sciaridze.

505. Boletina, male (Cole) Mycetophilidz.

Coxee not greatly elongated, somewhat less than half the length
of the femora; r-m crossvein appearing like a continuation of
the strong second section of the radial sector (Fig. 504), pos-
terior veins weak, cubitus forked near base of wing; eyes more
or less completely connected by a narrow projection above base
of antennze; palpi 3-, 2-, or 1-jointed. Cosmopolitan. (L YCORI-

IDE) ... SCIARIDAE

a. Third vein forked. (Cratyna) ................ CRATYNINE
Third vein simple. . U o

b. Cubitus and M, forklng beyond orlgln of M1+2 (Mega,losphys,
Fungivérides, Phorodonta) . .MEGALOSPHYINZE
Cubitus and M, forking before or opp051te origin of My 5. ..... c

c. Medial cell (between M; and M;) not wider than adjacent cells.
(Sciara ( Lycoma) (Flg 504) Epldapus, Plastosclara,
Psilosciara) . . . SCIARINE
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Medial cell much wider than adjacent cells; male antenne with
flagellar joints cylindrical and long-stalked. (Zygoneura,
Eur) .o ZYGONEURINZE

25. Second basal cell minute, much shorter than first basal cell due to
the proximal location of the apparent m-cu crossvein (Fig. 507),
radius three-branched, the middle branch short and commonly
ending in R, near its tip; Sc complete; basal and middle sections
of media continuous. (Bolitéphila (Fig. 507), Bolitophilélla).

BOLITOPHILIDAE
Second basal cell nearly or quite as long as first, sometimes con-
fluentwithit.. ... ... oot 26

Se R R.
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Figs. 506-512. Mycetobiidee, Bolitophilids, Diadocidiidee,
Ditomyiidee, Ceroplatidee, Macroceratide

506. Paleoplatyura, wing (Johannsen) Mycetobiidze.
507. Bolitophila, wing (Johannsen) Bolitophilide.
508. Macrocera, wing. Macroceratidee.

509. Mycetobia, wing (Johannsen) Mycetobiidze.
510. Diadocidia, wing (Johannsen) Diadocidiidee.
511. Ditomyia, wing (Johannsen) Ditomyiidze.

512. Ceroplatus, wing. Ceroplatide.

26. Radius three-branched; if the basal cells are coextensive and the
crossveins transverse then the Sc meets the costa beyond the

basal fourth of the wing. .. ..., 27
Radius two-branched (Fig. 510); Sc short, evanescent; basal cells
coextensive and more or less fused, the two crossveins in the

same straight line perpendicular to the wing-axis; mesonotum

with rows of bristles. Holarctic. (Diadocidia (Fig. 510),
Arachnocimpa) ...................... DIADOCIDIID &
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27. Anterior crossvein (r-m) present though short (Fig. 509); middle

29.

30.

branch of radius (Rs) usually arising from the third vein (R;)
before the middle of that vein and usually much longer than
halfof Rs. .. ..o 28
Anterior crossvein (r-m) obliterated by the coalescence of the
radial sector and the media for a short distance where the
crossvein usually is; R; much shorter than half of R; (Fig.
B08) i 29

. Subcosta short, evanescent, ending free; pronotum with bristles.

(Ditomyia (Fig. 511), Sfmmerus) ........ DITOMYIIDE
Subcosta relatively long, reaching at least one-fourth the wing-
length and usually ending in the costa; pronotum without
bristles. (Mycetébia (Fig. 509), Paleoplatyura (Fig. 506),
holarc.; Mesdchria, Seychelles) ........ MYCETOBIIDA&
Antenne short, usually thick-set and often flattened; tibial bristles
present though usually small, posterior tibie with unequal
apical spurs; forks of cubitus evenly diverging from the be-
ginning. Europe, N. America, N. Africa, Australia. (Ceré-
platus (Fig. 512), Asindulum, Apémon, Cerotélion, Nervi-
jancta, Platytra (=Zelmira). (PLATYURID.ZE).
CEROPLATID &
Antenne usually very slender, nearly as long as or even much
longer than the whole body; tibise without bristles, posterior
tibiee with subequal apical spurs; forks of apparent cubitus
(M, and Cu,) parallel for a short distance and then diverging.
(Macrocera (Fig. 508), widespr.; Chiasmonetira, indo-mal.).
MACROCERATID &
Cubital vein commonly forked near middle of wing (Fig. 513),
radial branches not greatly thicker than the other veins; an-
tennee of male often with very long plumes and of female
bead-like; eyes separated, sometimes males are holoptic; first
abdominal segment without fringed flap. ................. 31
Cubitus forked at base, not petiolate, second basal cell open,
anterior veins thick, others very weak (Fig. 517); antennse
about as long as head, ten-jointed, the flagellar joints closely
united (Fig. 465b); male holoptic; first abdominal tergite with
a conspicuous fringed flap-like scale; male metatarsi usually
dilated. Widespread, mostly holarctic and neotropical. Black-
flies, Buffalo-gnats. (MELUSINIDA). ....... SIMULIID &

Radial sector forked, the two branches close together; second joint
of hind tarsus without dorsal incision, the first joint apically
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truncate. (Prosimulium, Hélodon, holarc.; Cnéphia, Para-
simulium, nearc.; Tenioptérna, palaea,ro)
PROSIMULIINZE
Radial sector not forked . C b
Hind metatarsi apically truncate, front metatarsi not broadened. ¢
Hind metatarsi roundly projecting below at apex............. d
Second joint of hind tarsi without dorsal incision. (Hellichia,
Astega, palesearc.) ....................... HELLICHIINE
Second joint of hind tarsi with a deep incision on dorsal side
toward base. (Ectémnia, nearc.; Pternispatha, neotrop.).
ECTEMNIINZE

513.
514.
515.
516.
517.

31.

Figs. 513-517. Chironomide, Ceratopogonidee, Simuliide

Chironomus, wing (Kieffer) Chironomide.
Anatopynia, wing (Kieffer) Chironomidse.

Stenoxenus, wing (Kieffer) Chironomidz.

Hartomyia, wing (Cole) Ceratopogonidze.

Simulium (Lugger) Simuliidee.

. Second joint of hind tarsi without dorsal incision; front metatarsi

normal. (Stegoptérna, palaearc Gigadntodax, neotrop.;
Mallochélla, holarc.) . ) STEGOPTERNINE

Second joint of hind tarsi with a dorsal sulcus. . .e

. Front metatarsi normal. (Nevermaénnia, holarc Frlesm, W11-

hélmia, widespr.; Cnétha, Schoenbaueria, palaearc)
NEVERMANNIIN &
Front metatarsi of both sexes flattened and broadened. (Simu-
lium (Fig. 517), Odagmia, widespr.; Bedphthora, holarc.;
Bjssodon, nearc.; Edwardséllum, ethiop.) ..SIMULIINZE

Anterior branch of media not forked; mouthparts not chitinized,
not fitted for piercing; front legs lengthened, commonly raised
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up and vibrated when at rest; postnotum generally with median
longitudinal furrow or keel. (TEN DIPEDIDE).
CHIRONOMIDZE

. Crossvein between M; and cubitus present, i.e. second basal cell
complete (Fig. 514) . ... ... . . b
Crossvein between media and cubitus absent, no second basal cell

o (Fig. BI3) c
b. Rs, s either present and forked, 7.e. connected with R; by a cross-
vein, or else absent altogether. (Tanypus (= Pelopia, = Pro-
ténthes), Anatopynia (Fig. 514), Pentanetira (=A4bla-
besmyia), Procladius). (PELOPIIN.E).. ... TANYPODINZE
R; ;3 present and simple, not connected with R1 and always dis-

o

tinct. (Didmesa) . .DIAMESINZE
c. Metatarsus shorter than tlbla., front tibise with spur male styles
folded inward............ .. ... ... .. .. .. ... ... d

Metatarsus nearly always longer than tibia, front tibize rarely
with spur; male styles directed rigidly backward. (Chiréno-
mus (Fig. 513) (=Téndipes), Tanytarsus). (TENDIPED-
INZE) . ...... CHIRONOMINE

d. Pronotum scarcely d1v1ded anepxsternal suture well developed
(i.e. an oblique slash-like cleft extending from base of wings
nearly to front coxe, as in fig. 487); male antenns normally
plumose. (Orthocladius, Corynonetra, Cricétopus, Metrio-
cnémis, Spanidtoma (=Camptocladius)).

ORTHOCLADIINZE
Pronotal lobes widely separated; anepisternal suture obsolete;

male antennz not plumose. Seashore species. (Clanio, Tel-
matogéton) ............................ CLUNIONINZE

Media forked (Fig. 516); mouthparts chitinized, fitted for pierc-
ing; postnotum gently rounded, without median furrow; front
legs not lengthened. Punkies, No-see-ums, Sand-flies. Mainly

holarctic. (HELEIDAZE) ............ CERATOPOGONIDE
a. R and M fusing to beyond middle of wing. (Stenéxenus (Fig.
515), nearc.). (S TENOXEN IDE) ....... STENOXENINZE

R and M separate. (Ceratopdgon, Culicéides, Bézzia, Forci-
pomyia, Hartomyia (Fig. 516), Johannsenomyia, Pal-
pomyia). (Incl. JOHANNSENOMYHD/E)

CERATOPOGONINZE

Suborder Brachycera, Section Orthorrhapha

32. Last tarsal joint furnished with three nearly equal pads under the
tarsal claws, 7.c. empodium developed pulvilliform (Fig. 534);
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head and thorax with no strong bristles; anal cell closed near
margin, or even narrowly open; third vein almost always
forked, 7.c. Ry and Ry separate. ...................... ... 33
Empodium wanting or replaced by a bristly hair, therefore only
two tarsal pads (pulvilli) (Fig. 557) very rarely the pulvilli
also absent; bristles often well developed; third antennal joint
never truly annulated. .. ...... ... ... o Ll 42

518
Fig. 518. Brachycerous Antenns (Orthorrhapha)

A, Rhachicerus (Vollenhoven) Xylomyiidée; B, Subulonia (Enderlein) Xylo-

33.

34.

35.

myiide; C, Cenomyia (Verrall) Ccenomyiide; D, Xylophagus
(Verrall) Xylophagide; E, Tabanus (Verrall) Tabanide; F, Bomby-
lius (Verrall) Bombyliide; G, Thereva (Verrall) Therevidee.

Third antennal joint complex, annulated into three to eight appar-
ent segments (Fig. 518 b—e, or the antenn® more than three-
jointed, rarely (some Stratiomyiide) the third complex-joint
bearing an elongate arista (Fig. 520). .. ................... 34

Antennz three-jointed, the third joint compact, not composed of
rings (Fig. 5181, g), usually bearing an elongate arista or style,
rarely the two basal joints fused. ........................ 40

Prefurca (first section of R,) short, 7.e. Ry arising opposite first
fork of M which forms the base of the discal cell (Fig. 521);
tibial spurs wanting, at most middle tibiee with a slight spur;
proboscisshort . ...... ... ... 35

Prefurca longer, i.e. R, arises distinctly before base of discal cell
(Fig. 526); at least middle tibise with distinct spurs; costa con-
tinuing around hind margin of wing as the ambient vein. .. .. 37

Second vein (R, ;) arising at or beyond anterior crossvein (r-m),
discal cell small, usually pentagonal and located closer to the
costa than usual; submarginal cell or cells very small and narrow
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and located entirely before wing-tip, anterior veins usually
crowded near costa, the other veins faint; four or five posterior
cells present, all open; costa ending before wing-tip, no vein on
hind margin of wing; scutellum often armed with marginal
spines. Soldier flies. A large, widespread family with many
tropical genera STRATIOMYIIDE

a. Abdomen with seven visible segments; middle tibiz sometimes
spurred; third antennal joint normally with eight annulations
and without a style

Abdomen with five or six visible segments; tibiz not spurred; third
antennal joint with not more than six annulations

b. Scutellum with four or more spines

Scutellum not spined, rarely with marginal row of small teeth.
(Metopdnia, austr.; Allognésta, holarc.; Berismyia, Hylorus,
neotrop.) ................o.vve....... METOPONIINZE

Figs. 519, 520. Stratiomyiidese

519. Odontomyia, male (Cole) Stratiomyiide.
520. Geosargus, male (Verrall) Stratiomyiide.

c. Media three-branched; palpi often reduced. (Béris, Hopla-
ca.ntha., widespr.; Berldops, Heteracanthia, neotrop.; Eu-
meécacis, austr.) BERIDIN &

Media four-branched; palpi three-jointed. (Actina, widespr.;
Apospasma, Huttonélla, Neoexaireta, mostly austr.).
ACTININZ&

d. Media three-branched (Fig. 523), 7.e. discal cell emitting two veins

from its apex in addition to the vein forming its under side. .. .e
Media four-branched (Fig. 524), 4.e.. discal cell emitting three
veins from its apex or the third just below. .

e. Anterior branch of cubital fork (M3, 4) joined to the discal cell by
an apparent crossvein, ¢.e. discal cell emitting only two veins;
apical antennal segment bristle-like, as long as remainder of
antenna. (Prosopochrysa, Java) .. PROSOPOCHRYSINZE
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M4 forming the lower side of the discal cell for a greater or less
distance, the discal cell emitting therefore three veins in all. .f
Antennee with last, terminal or subterminal, segment (tenth)
bristle-like and tipped with an extra hair, segments three to
nine usually short and forming an oval or spherical complex
third antennal joint. (Pachygaster, holarc.; Cynipimérpha
(Fig. 523), Zabrachia, nearc.; Panacris, Psephi6cera, neo-

trop.; Evasa, malay.; Platyna, ethiop.). R
PACHYGASTRINZAE

521.
522.
523.
524.

Figs. 521-524. Stratiomyiide

Archistratiomys, wing (Enderlein) Stratiomyiidee.
Analcocerus, wing (Williston) Stratiomyiidee.
Cynipimorpha, wing (Williston) Stratiomyiidee.
Chrysochlora, wing. Stratiomyiide.

Antennz with tenth segment not bristle-like, usually flattened,
long, strap-shaped and fringed on edges, sometimes all ten
antennal segments are similar, suggesting the Nematocera.
(Lophoételes, Artemita, Psegmdémma, neotrop.; Isome-
récera, Ptilécera, Tinda, ethiop., indomal.). R

LOPHOTELINZAE

All four medial branches arising from discal cell (Fig. 524). .. ... h

M, apparently connected with discal cell by a crossvein (Fig.

Last antennal piece (tenth segment) ribbon-like; segments six to
eight with groove in front; scutellum without spines. (Her-
métia, Acrodésmia, Amphilécta, mainly neotrop.; Eud-
meéta, malay.) .......................... HERMETIINE

Last antennal part styliform or undifferentiated, not ribbon-like,
segments six to eight without furrow. ................. ... 1
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. Scutellum with marginal spines. e dd
Scutellum without spines. (Chrysochlora (Flg 524) Aba.vus,
Anacanthélla, Porpécera, Ritba) .. CHRYSOCHLORIN &
Scutellum with four to twelve spines. (Antissa, Parantissa,
neotrop.; Tetracanthma, Java) ............ ANTISSINAE
Scutellum with two spines. (Clitellaria ( Epthpq um), Bupary-
phus, Nemételus, Oxjcera, holarc.; Negritomyia, ethiop.,
malay.; Eurynetira, Nothomyia). . .. ... CLITELLARIINE
Antenne with elongate terminal or dorsal arista. . e l
Antenne without a distinct arista. R
Scutellum with two spines, or with vestlges of two splnes (Rha.-
phibcera, Hoplistes, Lysdzum, neotrop.).
RHAPHIOCERATINZE
Scutellum without spines; metanotum prominently convex and
with upturned hairs. (Geosargus (=Sdrgus) (Fig. 520), Chry-
sochrdma, Microchrysa, Ptécticus, widespr.; Gongrozus,
malay.). (SARGINE) . ... ... . GEOSARGINE
Antenne ending in an elongate and broadly flattened ribbon-like
segment; scutellum with two spines. (Analcocerus (Fig.

522), neotrop.) . ANALCOCERINZE
Antenne with last segment of third ]omt usually short, never
ribbon-like. . .n

. Scutellum with two splnes ( Stratlomyla.( Stratwmys) Odon-

tomyia (=FEuldlia) (Fig. 519), widespr. mostly in temperate
zone; Cyphomyia, widespr., mostly tropical; Myxosargus,
Rhmg16ps1s, neotrop.; Hirtea, Hoplodonta)

STRATIOMYIIN E
Scutellum unarmed. (La316pa,, WldeSpI' Chordonoéta, neotrop.;
Udamaciantha) . ceiiiiee. ... ... ..... LASIOPIN®E

Second vein arising before anterior crossvein (r-m), veins not
crowded anteriorly; mostly neotropical species. .. ..........36
Third vein simple, ending before wing-tip; all posterior cells open;
third antennal joint usually three-segmented; abdomen slender,
comprising seven segments; species under one inch in length.
(Chiromyza, Clavimyia (Fig. 528), Mesomyza, Nonicris,
Xenomoérpha, neotrop.; Archimyza, austr.).
CHIROMYZIDE
Third vein forked, its branches (R4 and R;s) widely divergent and
enclosing the tip of the wing (Fig. 525), fourth posterior cell
(Mj;) closed; abdomen broadly rounded; gigantic species, not
common. (Pantophthilmus, Acanthomeéra, Rhaphior-
rhynchus, neotrop.). (ACANTHOMERID.E).
PANTOPHTHALMIDE
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37. Calypteres conspicuous, but not concealing halteres, their margin
fringed; head widely hemispherical (Fig. 527); third antennal
joint composed of four to eight annuli; branches of third vein
(R4 and R;) widely diverging and enclosing tip of wing; females
usually blood-sucking. A large family of conspicuous flies,
occurring in all regions, most species tropical. Horse-flies, Gad-
flies, Deer-flies...............c i, TABANID &

a. Hind tibiee without apical spurs. ........................... b

Hind tibize with two apical spurs which sometimes are minute. .h

b. Third antennal joint divided into four, rarely three, segments.
(Hematbépota, widespr.; Heptitoma, Eur.).

: HEMATOPOTINE

Third antennal joint divided into five segments, antenne there-

fore apparently seven-jointed, rarely indistinctly ten-jointed. .c

Figs. 525-527. Pantophthalmidee, Tabanidee

525. Pantophthalmus, photograph of specimen in O. S. Westcott collection.
Pantophthalmidze.

526. Tabanus, wing (Williston) Tabanidze.

527. Tabanus, photographed specimen. Tabanidz.

c. Anal cell open, or rarely closed to a point; ocelli absent. (Chésmia,

Malay.) . . e . CHASMIINE

Anal cell closed and petlolate .d

d. Palpi with last joint broad, ﬂat and shmlng b]ack (Leplsela.ga,,
neotrop.) .. e . LEPISELAGINE
Palpi with last ]omt BOTIAL. + o o v s oot e e e

e. First antennal joint longer than wide, usually much longer; ocelli
absent; first posterior cell open; relatively slender species.
(Diachlorus, Acanthécera, neotrop.) ... .. DIACHLORINZE

First antennal joint about as long as wide. . .. Lt

f. Antenne with basal segment of third joint not excavated above,
without angle or tooth, but instead with a few short black
spines; small, delicate species. (Stenotabanus, neotrop.).

STENOTABANINE
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Antennz with third joint always distinctly angulated above
toward base or with a finger-like projection. ............... g

g. First posterior cell open; ocelli sometimes present. (Tabanus
(Figs. 518e, 526, 527), Atylotus, Theriopléctes, widespr.;

Dicheldcera, neotrop.) ..................... TABANINE

First posterior cell closed; ocelli absent. (Bellardia, Asia; Psal-
idia, neotrop.) . .. ... BELLARDIINE

h. Third antennal joint consisting of five segments, rarely four, or the
segments fused to a single joint. .............. .. .. .. ... i
Third antennal joint consisting of eight, rarely seven, segments,
the antenne therefore ten- or nine-jointed................. j

Figs. 528-530. Chiromyzidee, Xylomyiide, Xylophagidee

528. Clavimyia (Enderlein) Chiromyzidze.
529. Xylomyia, wing. Xylomyiidee.
530. Xylophagus, wing. Xylophagidee.

i. First posterior cell open. (Silvius, widespr.; Chrysops (Deer-

flies), cOSMOP.) .. ..oeveiiiieaeaennno..... SILVIINE
First posterior cell closed. (Scirphia, Metaphara, S. Afr.).

SCARPHIINE

j. Anal and first posterior cells open; female with long ovipositor;

thorax high. (Ceeniira, Chile; Pelecorhynchus, Austr.).

(PELECORHYNCHINAE) .........cccco... CENURINAE

Anal cell closed. ......... ... .0 i k

k. First posterior cell open, rarely closed at margin. (Mélpia, neo-
trop.; Corizoneura (=Buplex), widespr.; Apatoléstes (=Gon-
iops), nearc.; Osca) ........................ MELPIINAE




38.

39.

40.
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First posterior cell closed. (Pangdnia, palearc.; Phara, ethiop.;
. Esenbéckia, Fidéna, Scidne, neotrop.; Lil®a, austral.).
PANGONIIN &

Calypteres small or vestigial; head not hemispherical, the occiput
convex; abdomen oblong; second submarginal cell (Rs) not

WIAC. .« o ottt i e e e 38
Fourth posterior cell (Mz) almost or quite closed (Fig. 529),
dichoptic .............................. XYLOMYIIDE

Third ]omt of antennz divided into eight annulations. (Xylo-
myia (Fig. 529), Eurasia, Afr., Am.; Nematocerdpsis, Man-
churia; Prista, malay,; Solva,, palaearc, malay.; Subuldnia,
DEATC.) © oot et et et e e e XYLOMYIINA&

Flagellum of antenna divided into 20 to 36 usually pectinate divi-
sions (Fig. 518a) (Rhachlcerus holare., malay.). (RHACHI-
CERIDE) . . . ..... RHACHICERINZE

Fourth posterior cell (M;) open (Fig. 530). i 39
Face flat or produced, the facial orbits and cheeks not sutured;
hind margin of wing thin before anal angle; male dichoptic.
Very slender flies resembling ichneumon-flies. (Xyléphagus
(=Erinna) (Fig. 530), Eur., Am., Austr.; Archimyia). (ERfN
NIDZE) . ... . XYLOPHAGIDZE
Facial orblts and cheeks separated from the central part; hind
margin of wing veined throughout; male holoptic; scutellum of
Cenomyia spined. Mostly robust, yellowish or blackish flies;

widespread, butrare................... .. CENOMYIIDE
Proboscis short ... ..o b
Proboscis as long as head and thorax, obliquely porrect; body
robust. (Arthrételes, ethiop.) ........ ARTHROTELINZE

. All tibiee with apical spurs. .c

Front tibiee without spurs. (Arthrocera,s Arthropeas Glﬁtops)

ARTHROCERATINZE

Abdomen broader than thorax; scutellum spined or not. (Cee-

nomyia (Fig. 518c¢), Anaca,nthaspls holare.).

CENOMYIINZE

Abdomen elongate, narrower than thorax; scutellum armed with
spines. (Stratioléptis, Siberia, Japan). .

STRATIOLEPTINAE

Costa continuing around wing-margin, venation normal (Fig. 531),
anterior crossvein (r-m) distinct, five posterior cells (Hilar:-
morpha with four); at least posterior tibise with spurs; calyp-
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teres vestigial; mostly holarctic, inhabiting Woodlahds.‘ Snipe-
flies. (LEPTIDAE) .........cvvvveviunn.. RHAGIONIDZAE

a. Empodium undeveloped; discal cell open, fourth vein (media)
forked and long-petiolate; tibise without spurs. (Hilarimérpha

(Fig. 532), holare.) ................ HILARIMORPHINZAE
Empodium pulvilliform (Fig. 534); discal cell present.......... b

b. Face flattened and projecting, nasiform; the antenne inserted
above middle of eyes; alula undeveloped, calypteres reduced;
front tibize with strong apical spur. (Vermileo (Fig. 535),
Lampromyia) ....................... VERMILEONINZE

Figs. 531-535. Rhagionidae

531. Rhagio, male (Cole) Rhagionide.

532. Hilarimorpha, wing. Rhagionide.

533. Chrysopila, wing. Rhagionide.

534. Rhagio, end of tarsus, showing broad empodium. Rhagionidee.
535. Vermileo (Wheeler) Rhagionidee.

Face socketed and not projecting, separated by a groove from the
rather wide cheeks, antenng inserted below middle of eyes;
alula present, calypteres well developed. .. ................. c

c. Front tibiee with one or two spurs, hind tibiee with two spurs.
(Bicalcar, palzarc.; Bolbomgyia, Didlysis, Triptotricha,
nearc.) ...............eeviviveevo....... BICALCARINAE

Front tibiee withoutspurs. .. ...................... e d

d. Hind tibiee with two spurs; eyes not bisected. (Rhagio (=Léptis)
(Fig. 531), Athérix, Atrichops). (LEPTINE). R
RHAGIONINZE

Hind tibize with one spur which is sometimes reduced; eyes bi-

sected, the lower facets smaller than the upper; second vein
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short, curving upward at end close to first (R;) vein. (Chryso-
pilus (Fig. 533), Omphalophora, Ptlollna, Spania, Sym-
phoromyia) . - .CHRYSOPILINE

Costa more or less thinned beyond tip of wing, venation usually
eccentric (Figs. 537, 551), anterior crossvein (r-m) usually ab-
sent or located near base of discal cell; tibise with short or no
spurs; proboscis sometimes excessively long

41. Head as wide as the depressed thorax; calypteres vestigial; pos-
terior veins parallel with hind margin (Fig. 551), sometimes

Figs. 536-539. Acroceratideae

. Pterodontia, female (Cole) Acroceratide.
. Ocneea, wing. Acroceratide.

. Acrocera (Verrall) Acroceratide.

. Thyllis (Cole) Acroceratidze.

forming a secondary network of small cells, first basal cell very
long, its forward border continued obliquely across the wing
as a ‘““ diagonal vein.” Rare species, inhabiting arid regions,
principally Asia Minor, S. Africa, Chile and Australia.
NEMESTRINIDZE

a. Proboscis elongate, slender and hard, the labella usually narrow,
 palpi short. (Nemestrinus, Fallénia, Megistorhynchus,
Neorhynchocéphalus, Rhynchocéphalus (Fig. 551).

NEMESTRININ &

Proboscis short and broad, the labella fleshy, palpi long and up-
turned; ovipositor telescopic; alula broad. (Hirmoneura,
Hyrmophlaeba,, Symmictus,) . ... HIRMONEURINE
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Head placed low, very small as compared with the greatly hump-
backed body, abdomen rounded, often inflated (Fig. 536);
calypteres inflated, hiding the halteres; costa discontinued at
wing-tip, posterior veins not parallel with hind margin of wing
and not forming accessory cells; eyes of both sexes broadly
contiguous. Spider parasites, rare species; widespread, but
poorly represented in Indo-australia and tropical Africa.
(CYRTIDA, HENOPID.E, ONCODID ).

ACROCERATIDE
a. Third antennal joint small, with terminal style or hair-like rays;
proboscis short. .. .. .. .b

Third antennal ]omt large, more or less compresbed " without
terminal style; proboscis often very long, sometimes vestigial.
(Panops, Astomélla, Eulénchus, Ocnaa (Fig. 537), Lasia,
Pialedidea) . ) PANOPINAE

b. Prothoracic lobes separated abdomen usually 1nﬂated (Acré-
cera (Fig. 538), Cyrtus, Nothra, Oncédes, Opsébius, Ptero-
dontia (Fig. 536)). (CYRTINA, ONCODIN E).

ACROCERATINZE

Lobes of prothorax very large and broadly fused in the middle to
form a shield in front of the mesonotum; abdomen not inflated.
Mainly neotropical, some ethiopian. (Phllpota,, Hélle, Mega-
lybus, Thyllis (Fig. 539) ........... .PHILPOTINZ&

42. Anal cell distinctly longer than second basal cell, either open, or
acutely closed in or near margin of wing, basal cells usually rela-

tively large (see Fig. 545);' head bristles rarely evident . ... 43

Anal cell shorter, rarely acute, closed some distance from wing-
margin, usually by a turning back of Cu;, sometimes the anal

cell completely absent; “small crossvein ” (see couplet 45)
_never formed, 7.e. never five posterior cells; some bristles com-
monly developed on head.............................. 50

1 The following forms having short acute anal cell slightly longer than the second basal cell
will cause confusion at this point of the key. The strength of the head bristles is then the best
guide.

Opetia, Platypezide®, couplet 58, Fig. 581: head bristles weak, no discal cell, the third vein
not forked.

Sciadoceratidee, couplet 52, Fig. 584: head bristles strong, subcosta endmg in R1.

Empididee, Brachystomatinz, couplet 48, Fig. 559; and Hybotinz, couplet 57, Fig. 563: head
bristles weak, anal and basal cells rather long. Remaining Empidide, couplet 53, have the anal
cell small and either perpendicularly or obtusely closed.

Lonchopteride, couplet 54, Fig. 572: head bristles strong, wings lancet-shaped, no discal cell.
The female has a false anal cell.

Trypetidee, couplet 126, Fig. 656, and the Ortalid series, couplets 94 to 97: anal crossvein
(Cul) angulately broken, the anal cell therefore with a pointed apical lobe.

Tachiniscidee, couplet 99, Fig. 633: body bristly.
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44.
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Radial sector three-branched, <.e. third longitudinal vein (R4, 5)
forked (see Fig. 543) . .. ...t 44
Radial sector two-branched, 7.e. third longitudinal vein simple
(Ry4 absent). (If the second vein is short and terminates in the
first vein (Fig. 546), see Bombyliidee, Mythicomyiinz, couplet

2 55
Vertex plane or convex, the eyes not bulging, eyes of male often
meeting; legs notrobust. ............ ... . ... ... 45

Vertex sunken, the eyes bulging above and never contiguous;
wing-veins numerous; often large species with strong legs. . .49

540.
541.
542.
543.

45.

46.

Figs. 540-543. Apioceratidse, Therevide

Ripidosyrma, head and thorax (Melander) Apioceratidee.
Thereva, wing. Therevidee.

Psilocephala, profile of head (Cole) Therevidee.
Psilocephala, male (Cole) Therevide.

Media four-branched, “‘small crossvein” present, .e. the obtuse
apex of the second basal cell touches two posterior cells in
addition to the discal cell (Fig. 541), five posterior cells present,
the fourth commonly closed; thorax with some bristles; ab-
domen long and tapering. .......... ... ... 46

Media three- or two-branched, four or three posterior cells present,
if rarely five posterior cells present the extra one is due to an
extra vein bisecting the third, the fourth posterior cell not
closed, “small crossvein > absent, 7.e. the acute apex of the
second basal cell touches but one posterior cell in addition to
the discal cell (see Fig. 545); abdomen usually oval or oblong;
thorax without true bristles. .. ........... .. ... ool 47

Apical veins curving forward, the third vein (R;) and nearly al-
ways also the fourth (M;) ending before apex of wing; at least
the scutellum bristly; antennz with a very short style; eyes
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separated; palpi broadened at tip. A small family; occurring in
arid places; South Africa, America, Australia, Borneo. (Api6-
cera, Apomidas, Rhaphiomydas, Ripidosjrma (Fig. 540)).
APIOCERATIDAE

Fourth vein ending beyond apex of wing (Fig. 541); body usually
furry rather than bristly, sometimes nearly bare; palpi not
broadened apically. Widespread, principally holarctic. (Thér-
eva (Fig. 541), Anaborrhynchus, Epomyia, Dialinelira,
Phycus, Psilocéphala (Figs. 542, 543), Tabuida, Xestomyia).
THEREVIDZE

. Costa not continuing beyond apex of wing, fourth vein (M;) end-
ing at or before wing-tip, three posterior cells (Fig. 552); pro-
boscis hidden; antenns without a style; body bare. Holarctic,
neotropical and oriental; about thirty species; some are found
on windows. (Scenoplnus (=0mphrale) (Fig. 552), Pseuda-
trichia). (OMPHRALID.E) . SCENOPINIDE
Costa continuing around entire wing, fourth vein (M;) ending
beyond wing-tip, usually four posterior cells. (If the discal cell

is open and the fourth vein is forked and long-petiolate (Fig.
532), see Hilarimorphinz, couplet 40, a)..................48

. Antenne usually ending in a small style, style-like process, or
circlet of bristly hairs; tibise usually with spicules; proboscis
usually long, thin and porrect; body usually furry and stout,
rarely (Systropodlnae) extremely slender, bare and wasp—llke,
anal vein complete, anal cell (Cu) usually reachlng margin,
often open, alula usually distinct. Mostly occurring in sunny
dry localities; alert, quick-flying species; many genera and
species BOMBYLIIDE

. Second vein (R;) arising almost perpendicularly from Ry very
close to the anterior crossvein (r-m) and forming a knee at its
origin, only the third vein (R4, 5) continuous with the prefurca
(Fig. 545); eyes with an indentation in the middle of the hind
margin. . b

Second and third veins forklng acutely or in an arch and at a
greater distance before the anterior crossvein than the length
of that crossvein (see Fig. 548) .c

. Calypteres margined with fringe of hairs; antennal style with a
pencil of hairs at its tip; metapleurse bare. (Anthrax (Fig. 545),
Argyramdba, Chionamdba, Coquilléttia, Spongostylum).

ANTHRACINZE

Calypteres margined with scales; style without apical crown of

hairs; metapleuree hairy. (Exoprosdpa, Dipalta, Hemi-
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pénthes, Hyperalonia, Lepidinthrax, Stonyx, Thyri-
danthrax, Villa (= Hydldnthraz)) .... EXOPROSOPINZE
c. Antennz widely separated; abdomen elongate, cylindrical; hind
margin of eyes not indented. (Cytheréa, Callistoma, Gyro-

craspedum, Pantarbes, Sericosdma) . .. .. CYTHEREINZE
Antenna approximated, if the antennz are widely separated the
abdomenisnotslender. .............. ... ... d

d. Eyes with an indentation in the middle of the hind margin at
which arises an impressed bisecting line in both sexes. .. ..... e

Eyes without posterior indentation and the bisecting line, at most
with a rounded indentation. ............ ... ... . ... ... g

Figs. 544-548. Bombyliidae

544. Bombylius (Verrall) Bombyliide.

545. Anthrax, wing. Bombyliidee.

546. Mythicomyia, wing (Williston) Bombyliidee.
547. Geron, wing (Williston) Bombyliidee.

548. Epacmus, male (Cole) Bombyliide.

e. Face produced roof-like over the long and narrow mouth-opening,
proboscis short; second vein arising in a curve. (Tomomyza,
Antonia, Plesidcera) .................. TOMOMYZINZAE

Face convex, not projecting; second vein arising acutely. ......f

. Head no broader than thorax; abdomen at least as broad as thorax,
flattened; anterior crossvein much beyond middle of discal cell.
(Lomatia, Anisotdmia, Canaria, Comptodsia, Oncodécera).

LOMATIINAE

Head broader, but the hind edge narrower than the thorax; body
more cylindrical than depressed; anterior crossvein near middle
of discal cell. (Aphebantus, Desmatonetira, Epicmus
(Fig. 548), Eucéssia, Petroréssia). ... ... APHEBANTINAE

g. Face vertical, much longer than the front; clypeus separated from
cheeks by a deep groove; second vein arising in a curve.
(Mariobézzia.) .......... ........ MARIOBEZZIINAE
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Face at most as long as front; clypeus not separated from cheeks
by a deep groove; second vein arising at an acute angle. .. ... h

h. Abdomen very long and slender, pedunculate; metasternum very
strongly developed; occiput concave; eyes united in both sexes

or nearly so; body bare; wings narrowed at base, without alula

and calypteres (Systropus Dollchomyla,) SYSTROPINZE
Abdomen not remarkably slender; wings with alula and calypter.i

i. Third vein simple, therefore only one submarginal cell; small bare

flies with humped thorax. . . .
Third vein forked, two or three submarglnal cells, second vein
long, never ending in the first vein. . .k

J. Second vein very short, ending in the first vein, or entlrely absent.
(Mythicomyia (F1 546), Empidideicus, Glabéllula

(= Pachyneres)) (GLABELLULI NA&) . MYTHICOMYIINZE
Second vein normal, ending independently in costa. (Cyrtosia,
Cyrtomérpha, Platypygus) ............. CYRTOSIINZE

k. Body more or less hunched, narrow, or at least not broad, thorax
prominent, abdomen cylindrical or sometimes flattened; some-
times bare, or scaly, or with bristles; wings usually relatively

short. . 1
Body not narrow nor hunched the abdomen rather flattened and
usually hairy and without bristles. .. .. ... .m

1. Prothorax in shape of an anterior rlng beset with strong curved
bristles. (Toxéphora, Heniconetira, Lepidéphora).

TOXOPHORINZE

Prothorax smaller and not beset with curved bristles. (Cyllénia,

Amictus, Echmus, Epibates, Hénica, Thevenetlmyla.)

CYLLENIINZE

m. F irst antennal joint thickened and long-hairy; wings short, with

four open posterior cells. (Conéphorus, Aldrichia, Codiénus,

Platambdes) ....... CONOPHORINZE

First antennal ]omt not thlekened w1ngs notshort. .. ......... n

n. Face protruding as a very short rnuzzle, proboscis short, porrect,

with fleshy tip; eyes of male bisected; discal cell broadened at

end, much broader than second posterior cell; nearly bare

species. (Heterotropus ( M altkacotmcha) Caenotus, Pro-

rates) . . ....... HETEROTROPINZE

Face, when developed convex or somewhat conically projecting,

but not beak-like, probosms long, with small labella, rarely

wholly bare. . .0

o. Second vein and fork of third vein in Tine with Wlng axis; body not

broad but rather humped, vestiture fine and not abundant leg

bristles weak or absent. (Phthiria, Apdlysis, Crocidium,
Géron (Fig. 547), Rhabdopsélaphus, Semiramis).

PHTHIRIINZE
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Second vein and fork of third vein curving forward, ending dis-

tinctly before tip of wing; body usually broad. ............. P

p. Vestiture short or undeveloped; no bristles on legs; head small.
(Usia, Corsomyza, Legnotomyia, Psiathaldssius). _

USIINE

Vestiture usually pronounced; tibiz with three rows of evident

bristles; lower occiput usually broadened. (Bomby§lius (Fig.

544), Heterostylum, Lorddtus, Sparnapélius, Syst@chus,

Triplasius) ............... ... .. ....... BOMBYLIINAE

Figs. 549-552. Mydaidse, Nemestrinids, Scenopinide

549. Leptomydas, male (Cole) Mydaidee.

550. Mydas, wing. Mydaide.

551. Rhynchocephalus, wing (Williston) Nemestrinide.
552. Scenopinus (Verrall) Scenopinide.

Antennal style longer than the third joint; tibiee without spicules;
proboscis short, sharp and incurved; body slender, nearly bare;
anal cell closed within the wing, the anal vein not reaching
margin. Delicate, shade-loving flies. (See couplet 53, g, Brachy-
stomatine) ................. e EMPIDID, part

49. Body without bristles; fourth vein (M;) curving forward to end at
or before wing-tip, neuration complex (Fig. 550), prefurca (i.e.
basal section of Rg) very short; antennz with a clubbed style;
proboscis with fleshy expanded tip, palpi vestigial. About 130
species; widespread, but not common; often flies of large size.
(Mydas (Fig. 550), widespr.; Leptomydas (Fig. 549) nearc.;
Cephaldcera, ethiop.; Miltinus, Triclénus, austr.). (MY-
DASIDAE) ................c.............. MYDAIDAE

Body usually with bristles, face bearded; fourth vein not curving
forward, neuration not abnormal, prefurca long (Fig. 553);
proboscis adapted for piercing, not fleshy, palpi usually promi-
nent. A large family of nearly 4000 species, widespread, es-
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pecially in warm localities; adults predatory on flying insects.
Robberflies . ........ . ... . . i ASILIDE

a. Palpi one-jointed; antennz with slender terminal arista; meso-
pleural bristles wanting; abdomen with eight segments. .. ... b
Palpi two-jointed; antenne with or without a thickened terminal
style, very rarely with a terminal arista. .. ................. c

b. Marginal cell open; very slender species with few hairs and bristles;
claws long, pulvilli absent; ovipositor without whorl of spines.
(Leptogaster, Euscelidia, Psilonyx) . . LEPTOGASTRINZE
Marginal cell closed and petiolate; less slender, or robust species,
bristly rather than hairy; pulvilli present; ovipositor often with

a crown of spines. (Asilus, Cerdistus, D¥smachus, Erax

(Fig. 553), Mallophora, Phllodlcus, Ommatlus, Proma-
chus, Proctacinthus, Tolmérus) . .. . ASILINE

Figs. 553-555. Asilide

553. Erax, wing (Hine) Asilide.
554. Stichopogon, wing. Asilidee
555. Atomosia, wing. Asilide.

c. Marginal cell open, or rarely closed at extreme tip; mesopleural
bristles wanting. (DASYPOGONIN &) . R .d
Marginal cell closed; mesopleural bristles present male abdomen
with seven (rarely six) segments; species often stout and very

hairy. (LAPHRIIN zﬂ)l ................................ t
d. Abdomen of male with six segments. (Laphystia, Pérasis,
Psilocurus, Trichardis, Triclis) . .. PYRTANIINE

Abdomen of male with seven, of female with elght segments. . . .
e. Front tibiz without a claw-like apical projection. (Anisopégon,
Cyrtopdgon, Didctria, Habropdogon, Heteropogon, Holo-
pogon Lasiopogon, Microstylum, Myiélaphus, Pycno-
pogon, Rhidinus, Stenopdgon, Stichopdgon (Fig. 554)).
EREMOCNEMINE
Front tibize with a claw-like apical projection. (Cenopdgon,
Cophira, Dasypdgon, Deromyia, Isopogon, Nicocles,
t The divisions of the Dasypogonina and Laphriine have less rank than the other two sub-

families of the Asilidee, but are given because of the dominance of this family. The divisions of
the Dasypogonine have no corresponding type genera.




BRUES AND MELANDER: CLASSIFICATION OF INSECTS 299

Saropogon, Selidopdgon, Taricticus). (DASYPOGON-
INA,s. str) . ... . ACANTHOCNEMIN &

f. Small, usually dark colored third antennal joint with a subapical
thorn on upper side; side callouses of metanotum hairy or with
blunt bristles; crossveins closing discal and fourth posterior cells
usually in line with each other (Fig. 555); genitalia relatively
small and ventrally placed. (Atomésia (Fig. 555), Amatho-
myia, Loewinélla) . .. .ATOMOSIINZE
Moderate to large, rather heav1lv pubescent species; third an-
tennal joint without subapical thorn; side pieces of metanotum
never bristly; crossveins closing discal and fourth posterior cells
not in the same line; genitalia free and usually large. (Laphria,
Andrenosdma, Ctenota, Dasyllis, Dasythrix, Lampria,
Lamyra, Nusa, Pogonoséma) ........ LAPHRIINZ, s. str.

R gin

Figs. 556, 557. Cyclorrhaphous Antenne and Tarsus

556. Antenne: A, Dolichopus, Dolichopodide; B, Drapetis (Williston)
Empidide; C, Volucella (Williston) Syrphidez; D, Gonia (Williston)
Tachinide; E, Glossina (Hegh) Glossinidz.

557. Musca, end of tarsus, showing hair-like empodium (Kellogg) Muscidz.

50. No functional frontal suture or lunule above antenns, front uni-
formly chitinized, without an anterior median differentiated
stripe;noalula . ... ... . .. 51

Frontal suture well developed as a horseshoe-shaped groove over
the antennz continuing down so as to separate the center of
the face from the sides, frontal lunule present as a crescentic
sclerite between the antennz and the frontal suture (Fig. 594),!
middle part of front nearly always differentiated from the
orbits; calypteres and alula usually pronounced; arista almost

1 The frontal suture is forced open by the protrusion of the ptilinum, an eversible sac, for
prying off the lid of the puparium at the time of emergence of the adult. Newly emerged flies
of this group sometimes show the ptilinum; in older flies the ptilinum is withdrawn and the
frontal suture closes to form the characteristic seam over the antennz. The lid of the puparium
opens by a circular cleft (see Fig. 763), hence the significance of the group-name Cyclorrhapha,

meaning circular seam. In the ccOrdinate group Orthorrhapha (including couplets 32 to 49)

the pupa case opens by a dorsal straight longitudinal seam (see Fig. 707) and accordingly the
frontal suture and ptilinum are not developed.
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always dorsal; costa not extended to hind margin of wing;
first two dorsal segments of abdomen more or less fused.
MUSCOIDEA)

. Venation not of the types represented by Figs. 570 and 571, a
closed cell (discal or discal and second basal) usually formed
between the branches of the media, wings neither with radial
branches concentrated near costa and medial veins extending
obliquely across field of wing (as in Fig. 570), nor of lanceolate
shape with long second vein and ambient costa (as in Fig. 571);
antenne evidently two- or three-jointed, the apical joint not
spherical; male sometimes holoptic

Venation peculiar, of the type represented by Fig. 570 or Fig. 571;
no discal cell; eyes of both sexes widely separated

. Alular edge of wing without hairy bristles; posterior crossvein
(m—m) usually present and then always located much beyond
the anterior crossvein (r-m); anal cell acute (Fig. 563), rec-
tangular (Fig. 561), rounded (Fig. 565) or obtuse (Fig. 560),
when the anal cell is acute, the basal cells are relatively long and
the subcosta is either vestigial or terminates in the costa; hind
tarsi with first joint longer than second

Alular edge of wing with feathery bristles; basal cells and discal
cell very small, r-m and m-m crossveins in same transverse line,
anal cell short and acute, the anal vein reaching margin, medial
branches disjoined basally, Sc ending in Ri; postocular cilia
present; hind metatarsus shorter than next joint. (Sciadécera,
(Fig. 584), neotrop., austr.) .......... SCIADOCERATID &

3. Anterior crossvein (r-m) located beyond basal fourth of wing, dis-
cal cell usually separate from second basal, third vein often
forked, often four posterior cells, z.e. M, separate from Ms,
Sc vestigial or ending in costa; calypteres minute; eyes usually
with a small incision at the antenne; seriate postocular cilia
wanting; antennal style usually terminal; proboscis usually
rigid; male genitalia not inflexed; dull colored species, almost
never metallic. A large family of over 2000 species, widespread,
but principally holarctic and neotropical EMPIDIDE

a. Anal and discal cells complete, or if either is incomplete the front
cox@ are very long and the front legs are raptorial, or else the

anal angle of the wing is rectangular. . .b
qucal cell united with second basal (Flg 561), anal cell and anal
vein wanting or incomplete, three posterior cells, Sc vestigial or
wanting, third vein always simple. (Tachydromia, Drapetis
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(Fig.556b), Coloboneiira, Micrémpis, Platypalpus (Fig. 561),

Stilpon, Tachypéza, Ta,chyempls) TACHYDROMIIN &

. Anal angle of wing not projecting, costa weakly but visibly con-
tinuing around hind margin of wing, anal crossvein (Cu;) acute,
perpendicular, or rounded, rarely obtusely closing anal cell;
front coxz longer than posterior pairs; proboscis short; eyes
broadly separated on the front; mesopleurz oblique. .. .. .... c

Anal angle more or less distinct, if the wings taper uniformly
toward base, the mesopleurz are vertical or the hind margin of
the wing is thin; front coxe not elongate; male often holoptic. .e

. Front legs raptorial, located well forward, front coxe subequal to
femora in length; radial sector arising closer to anterior cross-
vein than to humeral crossvein. (Hemerodromia, Chelifera
(Fig. 564), Chelipoda, Colibris, Drymodrémia, Mono-
dromia) ........................ HEMERODROMIIN &

Legs slender, the front pair not distant from the others, the coxa
not long and the femora not thick; radial sector arising nearer
base of wing. .

. Second antennal ]01nt connected w1th third by a ﬁnger-hke pro—
jection on inner side; no anal cell: restricted to southern hemi-
sphere. (Ceratomerus Icisma) . .CERATOMERINZAE

Second antennal joint normal; anal cell present. mostly found
about swiftly running brooks and waterfalls. (Clinécera
(=Ataldnta), Boreodromia, Dolichocéphala, Heleodromia,
(Oreothalia (Fig. 562), Synamphétera, Trichopéza, Wiede-
ménnia). (ATALANTINZE) . CLINOCERATINE

. Anal crossvein forming a distinct angle with basal part of anal vein;
proboscis rarely longer than head; thorax often highly arched. . .f

Anal crossvein recurved and confluent with underside of anal cell,
the anal vein usually an independent fold; proboscis often long,
rarely porrect; antennze usually three-]omted (Empis (Flg
560), Gloma, Hesperémpis, Hilara, Hilarémpis (Fig. 558),
Hormopéza, Iteiphila, Micréphorus, Rhamphomyla,)

EMPIDIN &

. Anal cell as long as second basal, or longer, its outer angle acute;
Scdistinet. .. ... g

Anal cell shorter than or about as long as second basal cell, its
outer angle obtuse or right; Sc weak; proboscis short. (Ocy-
dromia, Anthalia, Blcellé,rla, Euthynetra, Hoplocjrtoma,
Leptopeza,, @Edalea, Tnchina,) .... OCYDROMIINZE

. Discal cell emitting three veins, costa Visibly continuing on hind

margin; proboscis short and incurved; antennee three-jointed;

thorax not highly arched. (Bra,chystoma (Fig. 559), Anomal-
émpis, Homalocnémis). (Including HOM ALOCNEMIN ).
BRACHYSTOMATINZE
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Discal cell emitting two veins; proboscis rigid, porrect; antenne
two-jointed; thorax greatly arched. (Hybos (= Noéza), Eu-
hybos (Fig. 563), Meghyperus, Lactistomyia, Syndyas,
Synéches). (HYBOTIDAE) ................ HYBOTINAE

Ri__s,

Figs. 558-567. Empidide, Dolichopodidee

558. Hilarempis, male. Empidide.

559. Brachystoma, wing. Empididze.

560. Empis, wing. Empidide.

561. Platypalpus, wing. Empididze.

562. Oreothalia, male. Empididz.

563. Euhybos, male (Melander) Empididze.

564. Chelifera, male (Melander) Empididze.

565. Dolichopus, wing. Dolichopodidze.

566. Psilopodinus, wing (Aldrich) Dolichopodide.
567. Argyra, male (Cole) Dolichopodidz.

Anterior crossvein located within basal fifth of wing (Fig. 566),
discal cell always confluent with second basal, third vein never
forked, three posterior cells, 7.e. M and M; fused, Sc when com-
plete ending in R;; calypteres rather large and fringed; a row of
postocular cilia present; proboscis almost always soft; male
genitalia more or less inflexed under abdomen; color usually
metallic green. A large family of over 2000 species, widespread,
principally holarctic and neotropical. . DOLICHOP ODID &
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. Fourth vein typically broken, the front fork widely diverging and
angulately approaching the third vein (Fig. 566); head short and
broad, occiput concave, vertex sunken, ocellar triangle promi-
nent; hypopygium free, its appendages visible; slender species
with short and broad thorax, long narrow abdomen and long
slender legs. (Sciopus, Chrysosdma, Leptoréthrum, Mes-
érhaga, Psilopodinus (Fig. 566), Tentiopus). (AGONOSO-
MATINAE LEPTOPODIN £, PSILOPODIN &, SCIAPOD-
INZ) . . ...... CHRYSOSOMATINZE

Fourth vein  not angula,tely fractured though sometimes bowed;
vertex not sunken; thorax longer than broad. . e b

. First antennal joint bare, or if exceptionally halry then the occ1put
is concave and fitting against the thorax, or the palpl are broad,
or the hypopyglum isnot free. . . .c

First antennal joint pubescent; ocaput convex; face of 1nale
usually narrow and with only a weak indication of a transverse
impression; palpi small; alar callus present; hind crossvein dis-
tant from margin; middle tibiee with an apical set of five bristles;
hypopygium large, rather free, with evident and often large
lamellee; robust and bristly species. (Dolichopus (Fig. 556a,
565), Hercéstomus, Orthochile, Paraclius, Pelastonelrus,
Tachjtrechus) . ....... DOLICHOPODINZE

. Proboscis stout, with an incurved hook coxe spined; front femora
basally with two divergent splne-hke bristles; maritime species.
(Aphrosylus, Teneriffa) ............... APHROSYLIN p:

Proboscis not furnished with a hook-like piercing organ; coxz and
front femora notsospined. .......... ... .. ... .. ... d

. Face usually broad, with evident transverse impression. . ... ... e

Face usually narrow, with an incomplete transverse impression,
which is sometimes entirely wanting, at least in male. .. .. ... h

. Arista dorsal; postvertical bristles evident; palpi usually very
broad, applied against proboscis; occiput usually convex; hy-
popygium small, not free, with small to large appendages. . . .f

Arista apical or subapical; postverticals minute or wanting; occi-
put concave; thorax with a prescutellar bare, flattened area;
hypopygium long, without long evident appendages; alar callus
not distinct. (Medétera, Oligoch&tus, Thrypticus; Sacco-
pherdnta, ethlop ) MEDETERINZE

. Hind crossvein nearly parallel with hind margin of wing, fourth
vein bent forward and ending before wing-tip; upper occi-
put concave; no acrostichal bristles; hypopygium sunk into
sixth segment. (Plagionetirus, Amerlca)

PLAGIONEURINZAE

Hind crossvein nearly transverse, located close to hind margin of

wing, the distal segment of fifth veinshort. .. ............... g
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g Acrostichal bristles absent. (Thinéphilus, Eucéryphus, Peddes,

Scheendphilus, ethiop.) . ... ..... THINOPHILINE
Acrostichals present. (Hydrophorus, Lidncalus, Orthocera-
tium, Scéllus) ....... .. . HYDROPHORINE

h. Third antennal joint usua,llv long and narrow, with apical arista,
second joint transverse; occiput convex; middle tibise with
apical ring of bristles; hypopygium long and free. (Rhaphium,
_ Eutarsus, Machérlum, Syntormon, Systenus, Xiphin-

drium) . . RHAPHIINE
Third antennal Jomt trlangula,r or spher1ca1 short rarely some-
what lengthened with dorsal arista. .. 1

i. Hypopygium large and free, appendages more or less consplcuoub,
thorax short, scarcely longer than broad, with prescutellar area;
‘abdomen long; legs slender and without set of apical bristles on
middle tibiz. (Neurigdna, Oncopygius).. . NEURIGONIN &

Hypopygium usually small, rarely free, often hidden, the appen-
dages never large though visible from beneath.............. j

j. Abdomen and legs elongate; antennz located very high; ocellar
triangle prominent; no pulvilli; hind margin of first abdominal
segment raised. (Stolidosdma, neotrop.).

STOLIDOSOMATINAE
Abdomen short and robust; thorax longer than broad; middle
tibiee tipped with set of brlstles .. .k

k. Occiput rather concave; arista dorsal or subaplcal hvpopyglum
cap-shaped or hemlspherlcal usually with four or more strong
bristles and only rarely with distinct appendages; body bristly,
usually apex of abdomen furnished with bristles. (Diédphorus,
Argyra (Fig. 567), Asyndetus, Chrysdtus, Leucéstola).

DIAPHORINZE

Occiput convex; third antennal joint short-triangular, pubescent,
with dorsal arista; face of male narrow; hypopygium small,
rarely free and with appendages; usually small, weakly bristly
species, the apex of abdomen without bristles.............. 1

L. Acrostlchals wanting. (Xanthochlorus, Chrysotimus, Lam-

Pprochréomus; Micromérphus, ethiop.).
XANTHOCHLORINZE
Acrostichals present, in one or two more or less evident rows.
(Campsicnémus, Sympjcnus, Syntormonelra).
CAMPSICNEMINE

Suborder Brachycera, Section Cyclorr}iapha

54. Radial veins stout, running into the costa near middle of wing,
medial veins weak and extending obliquely across wing, no
crossveins and therefore no basal cells (Fig.570) ; antennz placed
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low, apparently single-jointed because the minute basal joints
are set in a cavity of the third joint, provided with a long, apical
or subdorsal, three-jointed arista; palpi projecting, not jointed;
hind legs long, their femora compressed; first and second
abdominal segments separate; small, humpbacked, quick-
running flies of characteristic form. Widespread, many species,
mostly holarctic; including most myrmecophilous genera of
flies, some of which are specialized and degenerate forms.
(See couplet 155). HYPOCERA

Figs. 568-572. Phoride, Lonchopteridee

. Paraspiniphora (Verrall) Phoridz.

. Chatoneurophora (Cole) Phoridz.

. Megaselia, wing. Phorids.

. Lonchoptera, wing of female. Lonchopterids.
. Lonchoptera, male (Verrall) Lonchopteride.

. Propleurz lateral in position, visible from the sides, prothoracic
spiracle not visible from above...........................b
Propleurz small, anterior in position, the humeri formed by the
mesonotum, prothoracic spiracle visible from above; female
usually wingless; ant-guests. (Platyphora (=ZFnigmatias),
ZEnigmatistes, Psyllomyia). (ENIGMATIINZE). _
PLATYPHORINZE
. Tibiee usually with one or several long preapical bristles; lower
frontal bristles when present curving obliquely upward; meso-
pleuree usually undivided; both sexes winged. (Phora (= T'ri-
newra), Chetoneuréphora (Fig. 569), Conicera, Diplo-
- neura, Hypécera, Paraspiniphora (Fig. 568).. PHORIN&E
Tibise without any long preapical bristles, bare or ciliate on the




306 BULLETIN: MUSEUM OF COMPARATIVE ZOOLOGY

edge; two or four supra-antennal proclinate bristles; female
often wingless or with aborted wings. (Metopina, Apocépha-
lus, Chonocéphalus, Gymnoéphora, Ecitomyia, Mega-
sélia (=Aphiocheta) (Fig. 570), Puliciphora (= Stethipathus),
Rhyncophoromyia, Syneira). (PULICI PHORI D,
STETHOPATHIDAE) . ................... METOPININA?.

Wings rather pointed at tip, lanceolate (Fig. 571,) costa encom-
passing entire wing, basal cells very small, second vein (Rj;)
ending almost at wing-tip, anterior crossvein not obvious, no
discal cell, the three branches of media arising from a common
stalk from the apex of the second basal cell, Cu; of female curv-
ing forward and ending in M, at middle of wing-length, thus
forming an apparent anal cell (Fig. 571), of male short and reach-
ing hind margin (Fig. 572), veins largely setulose above; oral
margin bristly; third antennal joint rounded, with a long
subterminal bristle; thorax with bristles but no hairs. Princi-
pally palearctic, few species, females rare. (Lonchéptera
(Figs. 571, 572) (= Musidora)). (MUSIDORID /).

LONCHOPTERID &

55. Proboscis small, very rarely elongated; front never as broad as the
width of the eye, no functioning lunule suture above antennee,

eyes of male usually meeting; face without subantennal
grooves . .. .. .56

Proboscis dlstlnctly longer than head slender, stlff and Often
folding (Fig. 578); head wider than thorax, front broad in both
sexes; face with a groove or grooves under the porrect antennee,
buccal cavity large; no body bristles; abdomen clavate, de-
flexed at tip; first posterior cell pointed, anterior crossvein near
middle of discal cell. Widespread, about 500 species; parasitic
on wasps, bees and Orthoptera. (See couplet 80).

CONOPIDE

a. Vertex and tibise without bristles; anal cell rather long and pointed;
ovipositor not excessively longj .
Vertex with bristles, tibize spurred; anal cell small 0V1p0s1t0r Very
long; proboscis long and geniculate; third antennal joint with
subdorsal arista. (Stylogaster, mainly neotrop.).
STYLOGASTRINZE
b. Third antennal joint with dorsal two-jointed arista; proboscis
usually hinged at middle, the distal part folding back; ocelli
present . . .C
Third antennal ]omt with short aplcal style ocelll usua,lly vestl-
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gial; proboscis directed forward, not geniculate at middle;

abdomen constricted toward base. (Conops (Fig. 577), Physo-

céphala (Fig. 579), Tropidomyia) .......... CONOPINAE

c. Anal cell equal to second basal cell; ovipositor large and folding
forward under abdomen. (Dalménnia (Fig. 578)). -

DALMANNIINAE

Anal cell much longer than second basal; ovipositor not extending

forward under abdomen. (Myodpa, Sicus, Thecomyia

(=Oncomyid), Zédion) ...................... MYOPINAE

Figs. 573-579. Syrphide, Conopidea

. Microdon, wing (Williston) Syrphidz.
574. FEristalis, wing. Syrphide.
575. Copestylum, wing. Syrphidz.
576. Syrphus, male (Metcalf) Syrphide.
577. Conops, wing. Conopide.
578. Dalmannia, male (Cole) Conopidz.
579. Physocephala (Lugger) Conopidz.

56. First posterior cell (R;) open, though sometimes narrowed, no
extra vein crossing the anterior crossvein (r-m). (If the anal
cell is narrowly open at the margin see Bombyliidee, Cyrtosiine,
couplet 48, j)

First posterior cell (R;) closed (Fig. 574), usually an extra vein
between the third (R;) and fourth (M;) veins and crossing the
anterior crossvein (r-m); costa continuing around margin or
stopping at wing-tip; anal cell closed just before wing-margin,
therefore short-petiolate, the vein closing discal cell parallel with
margin; head and body usually without bristles; arista dorsal,
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very rarely terminal; male usually holoptic; ocelli always
present. Characteristically showy flower-flies with yellow
markings; quick fliers and good hoverers; cosmopolitan, about
3000 SPECIES « v vv e e et i e SYRPHIDAE

. Antenne elongate, porrect. .. .. ... .. .. i b

Antenn# moderate in length, drooping, if elongate and porrect

not placed on a produced front. .. .. .. .e
First posterwr cell without stump of a vein | from the third vein. .c
First posterior cell with a stump of a vein from the third vein

which almost divides the cellintotwo. .. ................... d
Antennz inserted on a strong frontal process; a single red ab-
dominal band. (Psarus) . R PSARINZE

Antennz inserted on the flattened front abdomen marked with
several reddish bands. (Chrysotoxum) .CHRYSOTOXINZE
Arista dorsal; face rounded and pilose; scutellum usually armed
and emarginate; sometimes antenng of male split into two or
four parts; larvee and pupz developing in ant nests. (Microdon
(Fig. 573), Mixogaster, Rhopalosyrphus). (Including
MASARYGID A, neotrop ., with antennze of male split_into
lobes) . . ....... MICRODONTINZE
Style termlnal antenneeon frontal processes face not with abundant
pile. (Ceridides (=Céria, = Sphyximérpha)).. . CERIOIDINZE

. Anterior crossvein located before middle of discal cell, nearly

always rectangular. . 1
Anterior crossvein near or beyond middle of discal cell usually
oblique . .n

. Wholly black or metallic ‘tinted spec1es , if abdomen is spotted with

yellow, the facial profile is parallel with eye-margin and face
and eyes are pubescent; front of mesonotum pubescent. .. ... g
Pale color marks present on head, thorax and abdomen. .. .. ... i

g. Antennz with terminal bristle. (Calhcera) CALLICERATINE

Antenns with dorsal arista. ..h

. Third antennal joint very large, orblcular, thlck ‘abdomen con-

cave below, genitalia entirely hidden from dorsal view. (Nausi-
gaster) ... ... ....... NAUSIGASTRINZE
Third antennal Jomt smaller, abdomen not strongly concave
below, the genitalia usually largely visible from above. (Chi-
losia, Chrysogaster, Cnemodon, Hermgla, Orthoneura,

Pipiza, Psilota) . . e . CHILOSIINE
. Lower part of face stronglv pro;ectmg S
Lower part of face not strongly prOJectlnfr e 1

. Face distinctly projecting conically downward third antennal

joint stout, with thickened three-jointed arista. (Pelecdcera,
Chamaesyrphus) ................... PELECOCERATINAE
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Face not projecting downward, but strongly produced forward;
third antennal joint not stout and not with thickened arista. .k

. Alula very small; abdomen clavate; hind femora thickened.

(Sphegina, Neoascia) . ..................... SPHEGINE
Alula normal; abdomen short, not constricted at base. (Brachy-
opa, Rhmgm) BRACHYOPINAE

Humeral calli and the reglon “between them destitute of pile;
marginal cell open, vein closing first posterior cell usually
parallel with margin; arista bare or pubescent. ............. m

Humeral calli and the interhumeral region more or less pilose;
marginal cell closed, vein closing first posterior cell distally
recurrent; arista heavily plumose; hind coxs with hair behind.
(Volucélla (Fig. 556¢), Copestylum (Fig. 575), Temnécera).

VOLUCELLIN &
Abdomen elongate, basally narrow. (Bé,ccha,, Déros, Spathio-
gaster) . . . BACCHINZE

Abdomen oval not narrow at base nor claw ate (Syrphus (Fig.
576), Didea, Eriozona, Leucozona, Melanéstoma, Para-
gus, Platychirus, Pyroph&na, Sph@rophdria, Xantho-
gramma) ...... SYRPHINE

Third vein bendmg deeply into first posterlor cell (Fig. 574);
femora with conspicucus patch of black spinules near base.
(Eristalis (Fig. 574), Arctosyrphus, Helophilus, Malldta,
Megéaspis, Mérodon (=Lampetia) (M. equéstris, Narcissus
bulb-fly)). . .ERISTALINZE

Third vein not bendlng deeply into first posterlor cell.......... 0

Arista plumose. (Arctéphila, Conosjrphus, Pararctdphila,
Sericomyia (= Cinxia)). (CINXIINZ, SERICOMYIINAE)

ARCTOPHILINZE

Arista bare or pubescent. . .p

Apical crossvein recurrent, usually with a stump of a vein at the
angle. (Eumérus) . . EUMERINZE

Apical crossvein obhque, at most. very shghtly recurrent at apex.q

Marginal cell closed and petiolate. (Milésia) .... MILESIINE

Marginal cell open. (Xyléta (=Zélima), Brachypa,lpus, Calli-
prébola, Cynorrhina, Criorrhina (= Penthesilea), Myio-
lépta, Sphecomy1a, Spilomyia, Syrxtta, Temndstoma,
Tropidia) . . XYLOTINZE

Proboscis firm, styliform, porrect or short; male genitalia terminal,
more or less asymmetrical; subcosta evanescent, not reaching
costa, anal angle of wing more or less rectangular, no alula,
costa interrupted at fourth vein; arista usually thread-like and
terminal (Fig. 563). (Subfamlly Hybotinz, see couplet 53, 2).

EMPIDIDE, part
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Proboscis very small and soft; male genitalia forming a hypopy-
gium inflexed under the abdomen; subcosta complete, ending
IMCOSEA « oottt e e e 58

58. Antennz with terminal arista; face small and broad; anal angle of
wing more or less full, basal cells small, second basal much
shorter than discal cell; hind tibie and tarsi dilated, especially
in male; head and thorax with bristles; female sometimes bright-
colored. About 100 species, principally holarctic, some nearctic,
indoaustralian and ethiopian. (Platypéza (=Cljthia) (Fig.

Figs. 580-584. Pipunculide, Platypezide, Sciadoceratide

580. Pipunculus, male (Cole) Pipunculids.

581. Opetia, wing (Verrall) Platypezidz.

582. Calotarsa, female; a, hind tibia and tarsus of male (Cole) Platypezide.
583. Platypeza, wing. Platypezidz.

584. Sciadocera (Tonnoir) Sciadoceratidee.

583), Agathomyia, Calotarsa (Fig. 582), Microsania, Opétia
(Fig. 581)). (CLYTHIIDAZE) ............ PLATYPEZIDE
Antennee with dorsal arista; face narrow; legs not dilated; head
and body without true bristles; head very large, usually spheri-
cal, consisting almost wholly of the eyes; anal angle of wings not
developed, second basal cell subequal to discal cell in length;
anal cell closed near margin; ovipositor large, with bulbous
base and long sword-like point, inflexed under abdomen. About
300 species, principally holarctic and australian, some nearctic
and ethiopian. (Pipunculus (=Dérylas) (Fig. 580), Chilarus,
Nephréceros, Verrillia). (DORYLAID Z). PIPUNCULID &
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Schiiophora

59. Coxz close together, the legs attached ventrally; head movably
separated from thorax; adults not ectoparasites upon mammals,
birds or bees; rarely viviparous, in which case the new-born
young are very immature. (EUMYIIDA, MUSCOIDEA,
MYIODARIA) . .o e 60

Coxe broadly separated from each other, the legs appearing at-
tached toward the sides of the thorax and therefore sprawling
(Fig. 663); head often small and closely united with body, the
eyes more or less reduced, often wholly wanting, ocelli wanting
or vestigial; adults usually much flattened, of a leathery or
horny structure, often wingless, living parasitically upon warm-
blooded vertebrates or upon the honey bee; viviparous, the new-
born larvee well developed, ready for pupation, Braulide ovi-
parous in bee-hives. (PUPIPARA EPROBOSCIDEA, OMA-
LOPTERA, NYMPHIPARA) .........c.ccooiiiii. 138

60. Second antennal joint with a longitudinal seam along upper outer
edge which extends quite to the base; anterior orbits not differ-
entiated above from the lateral vertex plates, bearing a row of
convergent lower frontal bristles which are more distant from
eye-margin than the upper frontal bristles are (Fig. 594); usu-
ally at least lower calypter large; posthumeral and intra-alar
bristles usually both present; thorax with a complete trans-
verse suture before wings (Fig. 585); front of male usually
narrow or the eyes meeting; subcosta always distinct and ending
in costa, first vein (R;) never short (Fig. 598); abdominal spir-
acles at least of segments two to five located in side margins
of tergites, very rarely in the membrane.” (CALYPTRATZA,
MUSCARIDZZE, MYODARIA SUPERIORA, THECOSTOM-
AT ) e 61

Second antennal joint without such a seam (except Loxocera,
couplet 124); anterior orbits usually separated above from
lateral vertex plates, or the latter alone developed and bearing
fronto-orbital bristles (if exceptionally the fronto-orbital bristles
are located on the orbits the lower ones are closer to the eye-
margin than the upper ones are); lower calypter vestigial or
undeveloped; posthumeral bristles absent; thorax without a
complete transverse suture in front of wings, posterior callosity
usually absent; a visible membrane connecting the dorsal and
ventral sclerites of the abdomen, in which the spiracles are
nearly always located (if spiracles are in tergites, ¢.g. Chlorop-
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idee and Ephydride, the subcosta is imperfect); front of both
sexes of nearly equal width, or if wider in female the greater
width is due to a widening of the middle stripe; fourth vein (M;)
nearly straight, never angulate or with an appendage; often
very small species. (ACALYPTRATZA, BORBOROIDEA,
HAPLOSTOMATA, MYODARIA INFERIORA)........ 71

Figs. 585, 586. Calliphoridee

585. Calliphora, thorax, dorsal view (Walton) Calliphoride.
586. Calliphora, thorax, lateral view (Walton) Calliphoridze.
Sclerites: Cx, front coxa; H, humerus; Hp, hypopleura; M, posterior
portion of mesonotum (metazona); Mp, mesopleura; Mn, metanotum;
P, anterior portion of mesonotum (prozona); Pp, propleura; Ptp, ptero-
pleura; S, scutellum; Stp, Sternopleura.
Bristles: ac, acrostichals; de, dorsocentrals; h, humerals; ia, intra-alars;
n, notopleurals; pa, post-alars; ph, posthumerals; ps, presutural; sa,
supra-alars. '
¢, calypteres; T'S, transverse suture separating prozona from metazona.

61. Mouthparts functional; usually with sternopleural bristles at least,
often very bristly species. .. .................. .. ... .... 62
Mouth-opening small, the mouthparts vestigial or wanting;
vibrissee and bristles undeveloped, no sternopleural bristles;

front broad in both sexes; antennz set in the facial groove or
grooves; lower calypter with margin only slightly pubescent.
ESTRID A

a. Head apparently closed below, the small mouth-opening filled by
the proboscis with which it is connected by a membrane, mouth-
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parts atrophied or even wanting, the proboscis never angled at
base; arista always bare. .

Head with a deep groove beneath mouthparts present p1 roboscis
angled at base, withdrawn in the oral groove, palpi not visible;
arista bare or plumose. (CUTEREBRID.E)................ d

. Middle part of face narrow; hypopleure with fan of strong hairs.

(@strus (Fig. 590), cosmop., in nasal cavities of sheep, ante-
lope, etc.; Cephalomyia, S. Eur.,, N. Afr.; Pharyngomyla,
Eur., in pharynx of elk; Rhln(est.rus EuraSIa, Afr., in nasal
cavities of horse and hippopotamus) . .ESTRINE
Middle part of face broad. ........ ... .. ... il c
Middle part of face deeply sunken; hypopleursee without hairs.
Elephant stomach bots. (Cobboldla, (Fig. 591), Rodhaino-
myia, ethiop.) . ... ...... COBBOLDIINE
Middle part of face fornnng a shghtly convex plate; hypopleuree
with bundle of hairs. Warbles, widespread, occurring under
skin of host. (Hypoderma,, in ruminants; Bdemégena, in
reindeer; Bstromyia, in rodents) . ... HYPODERATMIN &
No facial carina; antennal pit large and deep, antennz elongate,
the third joint three times as long as second. ............... e
Facial carina present; antennal pit small and shallow; antennee
short. Rodent parasites, mostly American. (Cuterebra. (Fig.
589), Bogéria, Rogenhofera) . CUTEREBRINZE
Epistoma rather broad, projecting obllquely forward and down-
ward between sides of face; arista thickly long-plumose to tip.
(Pseudogameétes, neotrop.) ...... PSEUDOGAMETINE
Epistoma very narrow, projecting straight downward between the
sides of face; arista with hairs on upper side only. (Derma-

tdbia, neotrop., under skin of mammals, including man).
DERMATOBIINE

Hypopleurz and pteropleure with one or more vertical rows of
bristles or hairs (Fig. 586); fourth vein (M;) curving or bending
forward, narrowing or closing first posterior (apical) cell, often
with a spur (My) at the bend (Fig. 598); when three sterno-
pleural bristles present usually but one behind. (TACHINOI-
DEA) . . .. .63

Hypopleurae mthout a Vertlcal series of strong brlstles below
spiracle, if rarely the hypopleural bristles are present there is
no row of bristles on pteropleura (in Stomozys, which has a
porrect rigid proboscis (Fig. 602), both hypopleural and ptero-
pleural hairs are present); when three sternopleural bristles
present usually two behind; ventral membrane usually distinct;
postscutellum not developed convexly. ................... 68
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63. Postscutellum little developed, not convexly prominent (Fig.

586), if more or less prominent the metathoracic spiracular cov-
ering is not in two parts but covers the entire lower portion,
leaving a small opening in middle above; middle segments of
abdomen rarely with rather strong hairs; second ventral seg-
ment of abdomen more or less overlapping edges of the dorsal
SEGMENTS . .. ot e 64
Postscutellum strongly developed in the form of a transverse
rounded ridge often projecting as far as apex of scutellum;
dorsal segments of abdomen with strong bristles in addition
to finer hairs, their edges overlapping all the ventral seg-
10T 0 P 66

64. Hindmost posthumeral bristle located lateral to the presufural

bristle (Fig. 585) (sometimes absent in Engyzops); propleura
and prosternum hairy (bare in Pollenia (Fig. 600) which has
matted metallic hairs on mesonotum); generally two notopleural
bristles, rarely three; arista generally long-plumose; body usu-
ally metallic blue or green; fifth ventral segment of male with a
split hind margin, sometimes prominently developed; eyes of
male touching or approximated, of female separated. Cosmo-
politan ............. ..., CALLIPHORIDE

. Cheeks narrow, about one-fifth eye-height; arista plumose to end;
curve of fourth vein broadly rounded, basal vein sometimes
setose; metathoracic spiracle with its front and back ends
equally rounded; postscutellum usually well developed. (Mes-
embrinélla, neotrop.) .......... MESEMBRINELLIN/E

Cheeks subquadrate, about half the eye-height; curve of fourth
vein usually angulate; postscutellum not strongly developed. .b

. Basal section of radius with distinct setulse or hairs on posterior

UPPEr SIAe L c

Basal vein not setulose on posterior upperside. .. ............. d

. Lower calypter subtruncate at apex, concave on outer margin,
haired on part of upper surface; the small rounded callosity
below base of wing often with erect hairs. (Phérmia, Chry-
somyia, Cochliomyia (C. (Compsomyia) macellaria, Screw-
worm), Protocalliphora (maggots on nestling birds), Pro-
tophérmia). CHRYSOMYIINAE) ........ PHORMIINZAE

Lower calypter rather narrowly rounded at apex, nearly straight

on outer margin, bare above; subalar callosity bare or without

distinct hairs. (Rhinia, Metéllea, Rhyncomyia, Stoma-
torhina) . ...... ... .. ... ... .. ... ... .. ... RHINIINE
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Figs. 587-596. Calliphoridee, (Estridee, Gastrophilidee, Cordyluridee

587.

588.

589.
590.
591.
592.
593.
594.

595.
596.

Calliphora, head from front (Walton) Calliphoride: Ant, antenna;
Ar, arista; Ch, cheek; E, eye; FS, frontal suture; I, interfrontalia;
Ocp, occiput; Pa, palpus; oc, ocellar bristles; orsi, inner row of upper
orbital bristles; p. orse, proclinate bristle in outer row of upper orbitals;
r. orse, reclinate bristles in outer row of upper orbitals; vi, vibrisse;
vte, exterior vertical bristle; vti, inner vertical bristle.

Calliphora, profile of head (Walton) Calliphoridee. Lettering as for
Fig. 587.

Cuterebra, head from front. (Estridee.

@Estrus, head from front. (Estride.

Cobboldia, head from front (Rodhain and Bequaert) (Estridee.

Gastrophilus, head from side (Cole) Gastrophilidee.

Gastrophilus, wing (Cole) Gastrophilids.

Cordylura, head from front. Cordyluride: Lun, frontal lunule; ori,
lower set of fronto-orbital bristles; ors, upper set of fronto-orbitals;
p.ors, proclinate bristle of upper set; pvt, postverticals; r.ors, reclinate
fronto-orbital bristles of upper set; vi, vibrisse; vte, outer vertical
bristle; vti, inner vertical bristle.

Parallelomma, female (Cole) Cordyluride.

Scatophaga, wing. Cordyluride.
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Prosternum and propleura hairy; hairs of parafacial stripe not
reaching lower margin of eyes. Blow-flies, Blue-bottle flies.
(Calliphora (Figs. 585—588), Cynomyia, Lucilia, Onésia).

CALLIPHORIN &

Prosternum and center of propleura bare; parafacial hairs ex-
tending to lower margin of eyes. (Pollénia (P. radis, Cluster-
fly (Fig. 600); Anthracomyia, austr.) POLLENIINAE

Hindmost posthumeral bristle placed higher than or level with the
presutural bristle; propleura and prosternum bare, thorax not
with matted hairs, often four notopleural bristles; arista bare
or hairy on basal half; eyes not contiguous, front of male nar-
row, or as wide as in female

. Calypteres large and round, reaching scutellum; fifth ventral

segment of male abdomen with a straight hind margin, or en-
tirely absent; arista generally plumose only on basal half, some-
times bare; eyes bare. Flesh-flies SARCOPHAGIDAE

. Head quadrangular in profile; arista usually plumose, rarely only
pubescent; third and fourth sternites more or less evident,
though not completely covering the margins of the tergites;
theca of penis rarely with spine; front of male usually more or
less narrow and without orbital bristles; more than two sterno-

pleural bristles present (see Fig. 586, stp.). Larvae of most
species feeding_on carrion, some parasitic on grasshoppers.
(Sarcéphaga, Agria, Brach§coma, Helicobia, Blesoxipha,
Ravinia, Sarcophxla, Sarcotachina, Tephromyia, Wohl-
fartia) . . . SARCOPHAGINE
Head not quadrangular in proﬁle “third and fourth sternites less
evident, covering margins of tergites; theca of penis usually
with spine; arista bare or with very short pubescence; two
sternopleural bristles present; front often with orbital bristles. b

. Middle tibiz near the middle with a single extensor bristle; cheeks

rather narrow, eyes large, front of both sexes of nearly equal
breadth; arista sometimes with weak pubescence; third and
fourth sternites completely covered. Larve feeding on supplies
stored in nests of various bees and wasps. (Miltogramma,
Apddacra, Craticulina, Hilarélla, Metopia, Opsidia,
Pediasiomyia, Pachyophthalma, Senotainia). (METQPI-
]N./E) MILTOGRAMMATINZE
Middle tibiee with at least two bristles near the middle; eyes
small, cheeks broad, face broader than vertex, front of female
broader than of male; arista bare. . .. .c

. Antenne very short; gemtaha large; sternites two to five large,

open; eyes very small. (Paramacronychia, Nemor#a, Eur.).
PARAMACRONYCHIIN &
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Antennse normal; genitalia small; sternites two to five more or
lesscovered . ... ...ttt d
Tergites three and four with discal macrochaete, body bristly;
eyes pubescent; theca fused with penis, forceps long. (Rhaphio-
chata, Brachyméra, Eur.) ....... RHAPHIOCHZETINE
Tergites three and four without discal machrocheetze, body with
short bristles; eyes bare; theca free, penis without membrane.
(Amodbia) ........ ... ... AMOBIINE

597.
598.
599.
600.
601.
602.

Figs. 597-602. Tachinidee, Dexiide, Anthomyiidee, Muscidz,
Calliphoridee

Belvosia. Tachinide.

Ptilodexia. Dexiide.
Limnophora (Cole) Anthomyiide.
Pollenia (Cole) Calliphoridz.
Musca, wing. Muscidze.
Stomoxys, head. Muscide.

Calypteres narrow, with the inner edge generally bending away
from scutellum; fifth ventral segment of male split to the middle;
arista pubescent; eyes sometimes hairy. Larve parasitic on
sowbugs, snails, beetles, etc. (Rhinéphora, Macquértia,
Melanéphora, Phyto) ............... RHINOPHORIDAE

66 Ventral membrane more or less evident between the reduced

sternites and the margins of the tergites, if not the abdomen
is elongate cylindrical (Cylindromyia = Ocyptera), or the
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female abdomen is tipped by an under-folded claw (Phania);
abdomen destitute of stout bristles; facial plate more or less
convexly produced nose-like below the vibrissal angles and
fused with the lowest part (epistome). Larvee parasitic on
bugs and beetles. (Phasia, Aléphora, Cystogister, Clytio-
myia, Gymnosoma, Leucéstoma, Phorantha, Triché-
poda). (Including GYMNOSOM ATID A with four, not five,
abdominal segments) ........ R . PHASIIDE
Ventral membrane not VlSlble, abdomen bearlng some stout

bristles; facial plate flattened, at most slightly produced. . ..
67. Antenne inserted usually at or below middle of eyes, the arista
usually hairy; no presutural intra-alar bristle; ventral segments
of abdomen concealed below the meeting edges of the tergites;
legs often relatively long. Larve parasitic in beetles. (Déxia,
Myibcera, Ptilodéxia (Fig. 598), Rhynchodéxia, Thelaira,
Therésia) DEXIIDZE
Antenne inserted above middle of eyes, the arista usually bare,
rarely short-pubescent (Fig. 556d); intra-alar bristles usually ex-
tending in front of suture, if not the ventral segments broadly
visible, or the fifth ventral of male is vestigial; at least two post-
humeral and three posterior intra-alar bristles. Tachina flies.
Larvee mostly endoparasitic in caterpillars and other insects.
(Tachina (=Larvevora), Aphria, Archytas, Belvosia (Fig.
597), Ernéstia, Exorista, Frontina, Goénia (Fig. 556d),
Masicera, Phordcera, Peletéria, S1phona, Starmia, Wm-
themia, Zemlha.) (Including EXORISTIDE, MASICER-

IDAE, HISTRICIIDAE, etc.). (LARVAEVORIDAE).

TACHINIDZE!'
68. Fourth vein (M;) often bending forward to narrow the apical cell
at the margin (Fig. 601); if the apical cell is not narrowed then
the eyes are not widely separated, or cruciate bristles are present
on the front, and the lower calypter is longer than the upper,
and the abdomen proper contains only five segments; if the eyes
are widely separated (the females and some males) the oval,
1 This dominant group has been divided by several taxonomists into about sixty so-called
families, which do not have the rank of the dipterous subfamilies presented in the previous
portions of the key. Because the limits of these groups have not been agreed on by the students
of the muscoid flies and because there is no satisfactory published key no attempt is here made
to present subdivisions of the Tachinide. Even the distinctions between the conventional
families Dexiidee and Tachinide have broken down of recent years with the discovery of annec-
tant genera. Perhaps the best solution is to consider but two subfamilies, Dexiina and Tachin-

ine, with a unique army of legions, cohorts and tribes of genera comprising the latter. (See
page 9).




69.

BRUES AND MELANDER: CLASSIFICATION OF INSECTS 319

more or less bristly abdomen is distinctive; scutellar suture com-
plete. (MUSCOIDEA) .........coiiiiiiiii e 69
Apical cell not narrowed at margin (Fig. 596); no cruciate frontal
bristles; eyes broadly separated in both sexes; lower calypter
not longer than the upper; scutellar suture interrupted in the
middle; abdomen more or less elongate, with six segments before
the genitalia (the first two fused together, as usual). (SCATO-

MYZIDA&E, SCATOPHAGIDAZE, SCOPEUMID.E).
CORDYLURIDZE

Front femora and tibize beneath at most with asingle row of bristles.b
Front legs raptorial, their femora beneath with a double row of
bristles, front tibiz with one or two rows; first vein bare above.
(Noréllia, Plethoch&®ta, Pycnogléssa) . .. .. NORELLIIN A&
First vein usually setose above; propleural bristle present. (Cor-
dylara (Fig. 594), Acicéphala, Hexamitécera, Megoph-
thilma, Orthochata, Parallelomma (Fig. 595)).
CORDYLURINZE
First vein bare above; propleural bristle absent. (Scatéphaga
- (=Scopeuma) (Fig. 596), Acanthocnéma, Hydromyza, Mi-
croprosdpa, Pogonbta, Spathlophora, Tricopalpus). (SCO-
PEUMINZE) . e . SCATOPHAGINE

Eitherthe hypopleural or pteropleural bristles or hairs present (Fig.
586); basal bristles of abdomen reduced; fourth vein bending or
curving forward (straight in Eginia); arista feathered to tip . . 70

Neither the hypopleural nor pteropleural hairs or bristles present;
abdomen usually bristly; fourth vein curving backward (if
curving forward the arista is not feathered to the tip); arista

sometimes bare (Fig. 599)............... . ANTHOMYIIDE
Anal vein complete, faint apically but reaching margin ... ... .. b
Anal vein not distinetly traceable to margin. .c

Eyes of male close together on the narrowed front calypteres
large. (Anthomyia, Chortéphila, Egle, Ha.mmomyla,, Hy-
lemyia (H. antigua, Onion maggot, H. brassicee, Cabbage
maggot, H. cilicrira, Seedcorn maggot, H. coarctata, Wheat
bulb fly), Hydrophoéria, Opsolasia, Pegomyia (P. hyoscyams,
Beet-fly, P. rubivora, Raspberry cane maggot), Phorbia,
Pycnogléssa). (HYLEMYIIN.Z, PEGOMYIIN ).

ANTHOMYIIN &

Eyes of both sexes widely separated by the broad front; calyp-

teres small. (Fucéllia, Chirdsia, Mycophaga, Myopina)
FUCELLIINE




320

BULLETIN: MUSEUM OF COMPARATIVE ZOOLOGY

Lower sternopleural bristle wanting, or if present, closer to one of
the upper sternopleurals than to the other. ................ d
Lower sternopleural equidistant from the two upper; front in
both sexes one-third the width of the head, each orbit with one
long backward-directed bristle on upper half; thorax with but
one pair of presutural dorsocentral bristles; lower stigmatal
bristle directed downward; eyes of both sexes usually widely
separated. (Ceendsia, Che11s1a Atherigona, Limnospila,
Lispocéphala, Schenomjza) . : CENOSIINAE

.. Pteropleura with a central group of halrs, palpl dilated apically,

. usually conspicuously dilated; front of both sexes equal to eye-
width, the interfrontalia without cruciate bristles; parafacials
with some hairs on their entire length. (Lispa). ..LISPINZE
Pteropleura usually without such group of hairs, but if haired,
the front of the male is narrower than that of the female; palpi
not conspicuously dilated; parafacials bare below base of

antennee . ... .e
Hind tibi of male with a strong “dorsal bristle Just beyond mlddle f
Hind tibiee of male without such a strong dorsal bristle. .. ...... g

Anal vein very short, stopping abruptly, the seventh vein (axil-
lary or A2) more or less distinctly curved forward around the
apex of the first anal; female with wholly convex front, the
broad orbits (and in males with wide front also) bearing two
fronto-orbital bristles on upper half directed outward over
eyes, or the upper one directed slightly backward; middle tibize
of male more or less densely pubescent and often swollen on
inner side. (Fannia, Ceelomyia, Piezlira) . FANNIINZE

Axillary vein not curving around end of anal vein; ; front of female
more or less projecting forward, orbits not with two upper fronto-
orbitals curving outward over eyes in either sex; middle tibise
of male not pubescent or swollen. (Phadnia (= Aricia), Alleeo-
stylus, Didlyta, Héra, Hydrot=a, Ophjyra, Pogonomyla.)
(ARICIIN £, including HYDROT ZIN ) .. PHAONIINZE

Thorax with an uneven number of dark strlpes, or unmarked:
scutellum with only the larger basal and subapical bristles; face
and oral margin usually produced; third and fourth veins paral-
lel or slightly convergent, rarely divergent; usually sparsely
short-setose. (Limnéphora (Fig. 599), Hebecnéma).

LIMNOPHORINZE

Thorax with an even number of dark stripes, or rarely unmarked;
scutellum usually with stout discal, prebasal and preapical
bristles in addition to the basals and subapicals; face usually
vertical, rarely produced; third and fourth veins usually di-
vergent or parallel; usually strongly setose. (Myd&a. (includ-
ing Spilogaster), Helina) . AU . MYDEINE
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70. Proboscis needle-like, porrect, at rest completely ensheathed by
the long slender palpi; arista strongly plumose with feathered
hairs (Fig. 556¢) ; prosternum membranous; middle coxz sepa-
rated by the forward-projecting metasternum; abdominal
spiracles located in the membrane between tergites and stern-
ites. Tsetse flies. (Glossina, ethiop.) (Fig. 556e).
GLOSSINIDAE
Proboscis, if elongate and porrect, not ensheathed by the palpi;
hairs of arista not feathered; prosternal plate developed; ab-

~ dominal spiracles located in second to fifth tergites.
MUSCIDE

a. Proboscis of both sexes elongate, rigid, fitted for piercing and
sucking blood, the labella not enlarged; arista with long hairs
on upper side, bare or pubescent below; lower calypter rounded
posteriorly, its inner basal margin well separated from the
lateral basal angles of scutellum. (Stomdxys (S. cdlcitrans,
Stable fly (Fig. 602)), Heematdbia, Lyperosia (L. irritans,
Horn fly); Haphéspatha, Eur., Afr.; Hematobésca, China).

STOMOXYDINZAE
Proboscis not heavily chitinized, the labella fleshy, fitted for
lapping. .. ..o b

b. Apical cell widely open, the fourth vein gently curving back;
hypopleural bristles present above hind coxee; pterop!eural
bristles absent beneath root of wing. (Eginia, palaearc ).

EGINIINE
Apical cell narrowed; hypopleural bristles nearly always absent,
pteropleural bristles or hairs often present; lower calypter with
posterior curvature more or less transverse, the inner basal
angle very close to and often touching or underlying the basal
lateral angle of scutellum. (Misca (M. doméstica, Housefly
(Figs. 557, 601), Cordylobia (C. anthropéphaga, Tumbu-ly,
ethiop.), Das§phora, Graphomyia, Mesembrina, Moréllia,
Muscina, Myiospila, Pyréllia, Synthesiomyia).
MUSCINE

Acalyptratae

71. Mouth-opening small, the mouthparts vestigial; antennee sunken
in the facial grooves which form a rounded pocket, arista bare;
vibrisse and bristles absent, no sternopleural or pteropleural
bristles; scutellar suture broadly interrupted at middle; ovi-
positor sturdy and inflexed under abdomen; costa ending at
third vein (R;s) which terminates much before tip of wing, the
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apical cell widely open (Fig. 593). Horse botflies, cosmopolitan.
(Gastréphilus (Figs. 592, 593)) .... GASTROPHILIDA !
Mouth-opening normal, the mouthparts functioning; third and
fourth veins usually parallel or converging, very rarely markedly
diverging; larvee not internal parasites of horses, ete.. .. .. ... 72

72. Costa entire, no indication of a break near the end of the subcosta
nor near the humeral crossvein; Sc nearly always distinctly
separated from R; and ending in the costa an appreciable dis-

tance before Ry which usually terminates near or beyond middle

of wing (see Fig. 608) . . .. . .73

Costa fractured just before end of subcosta (bebt seen by trans-
mitted light), or if Sc is imperfect the costa is visibly broken or
constricted before end of first vein (R;) (Fig. 603), or at least

with an indication of such fracture; sometimes with an addi-

tional break near the humeral crossvein (Fig. 658). .. ....... 99

73. Subcosta complete, ending in the costa, usually free from Ry,
rarely closely approximated to it, rarely wanting; anal cell
present . e ... 74
Subcosta 1ncomplete, developed only at base and contmulng as

an evanescent fold, not attaining the costa; anal cell faint or

absent; postvertical bristles divergent.................... 98

74. Vibrissee present at the vibrissal angle of the head, in distinction

to peristomial or buccal bristlesor hairs. .. ................75

Definite vibrissee absent. .. ........................ ..78
75. Palpi well developed . . . . .76

Palpi very small, vest1g1al anterlor orbltal brlstles never devel-
oped; head spherical, cheeks narrow; arista bare or nearly so;
posterior spiracle usually with at least one bristle; abdomen
somewhat elongate and usually narrowed at base; black scav-

enger flies. Cosmopolitan ...................... SEPSIDAE
a. Postvertical bristles wanting; head broadened, with projecting
eyes. (Burychoromyia) . . .EURYCHOROMYIINE
Postverticals present and dlvergmg; if absent, the head is not
broadened .. .b

b. First and second basal cells united. (Pandora \F 1g 608), Wldespr
Saltélliseps, ethlop as1at) . PANDORIN &
Basal cells separate. .. ....................... R ¢

1 The enigmatical family CteNosTYLID A, erected by Bigot for Cienostylum from the Amazon
River differs in having the arista long-plumose above, mesothorax with a short recurved bristle
at each posterior angle and the marginal cell divided into six or seven small cells by thickened
crossveins between the costa and the second vein. Bigot located the family near the Conopida
from which it differs in the widely open apical cell and atrophied mouthparts. Apparently the
only specimens known were collected previous to 1850.
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Thorax verrucose, subshining, pubescence fine, forming a sheen;
dorsal abdominal segments devoid of bristles and setze. (Tox6-
poda, Paratox6époda, mainly ethiop.) . .... TOXOPODINAE

Thorax not verrucose, at least mesopleura shining, hairs short,
not forming a sheen; abdomen often with bristles. ........... d

. Postocular and mesopleural bristles wanting. (Themira (Fig.

607), Enicita, holarc.; Protothemira, palzearc.).
THEMIRINZE
Atleast mesopleural bristle present. . .e

. Front femora of male more or less excised before end and prov1ded

with varying sets of bristles, thorns or prongs; orbital bristle
weak or wanting. (Sépsis (Fig. 609), cosmop.; Lasiosépsis,

Eur., ethiop.). . SEPSINA
Front femora not excised toward end with or without rows of
bristles but without spinigerous tubercles. .. .. .. A

. A strong orbital bristle present on each Slde abdomen of both

sexes without bristles; postocular bristle strong. (Merdplius,
widespr.) ..... ) MEROPLIINE
Orbital bristle weak or Wantlng, orif present the postocular bristle
is weak or wanting. (Nemédpoda, Sepsidomérpha, holarc.).
NEMOPODINAE

Thorax convex; cheeks, pleurse and legs not remarkably bristly;
postvertical bristles divergent........................... 77
‘Mesonotum and scutellum more or less flattened; head, body and
legs coarsely bristly (Fig. 613). Seashore species. (See couplet
BT CELOPIDE
Second antennal joint usually with an angulate projection from
the exterior edge (Fig. 635); interfrontal cross-bristles often
present; tibiee usually with preapical bristles; anal vein abbrevi-
ated, not reaching margin. (See couplets 107 and 129).
CLUSIIDE
Second antennal joint without angular projection; no interfrontal
cross-bristles; tibiee without preapical bristles; anal vein con-
tinuing as a fold almost to margin. (See couplet 109). (Acten-
éptera, (=Gymnomyza), palearc.).
NEOTTIOPHILIDA, part
First posterior cell (Rs) closed or much narrowed at apex due to
the convergence of both third and fourth veins (wide in Nothyb-
idee, couplet 81, which have remarkably long prosternum);
abdomen elongate; legs long, or very long and slender. .. ... 79
First posterior cell widely open, if narrowed, the abdomen is short
and the legs are not unusually long and slender. ........... 83
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79. Eyes large, the cheeks and posterior orbits narrow; upper occiput
COTMCAVE « ottt ee et et et e e et e e e e e et e s 80

Eyes moderately large, front not narrow, cheeks and posterior
orbits not distinctly narrow, face often greatly retreating, occi-

put usually large; ocellar and humeral bristles absent. .. .. .. 82

Figs. 603-609. Micropezidee, Neriidee, Tanypezidee, Sepsidae

603. Trichoscelis, basal portion of wing. Trichoscelidse.
604. Calobata, male (Cole) Micropezidee.

605. Nerius, profile of head. Neriide.

606. Tanypeza, wing. Tanypezidz.

607. Themira, male. Sepsidee.

608. Pandora, wing. Sepside.

609. Sepsis, wing (Cole) Sepside.

80. Proboscis very long and geniculate; ovipositor elongate; arista
terminal. (See couplet 50). (Stylogaster, America, Afr.).

CONOPIDZA, part

Proboscis and ovipositor not elongate; arista dorsal; hind meta-

tarsi with basal group of bristles. ........................ 81

81. Ocellar and humeral bristles present, though sometimes small;

prothorax small; first vein (R;) setulose; front of male narrow.

(Tanypeza (Flg 606), Polphopeza, Sclpopeza, malnly neo-

trop.) .. e e . TANYPEZIDE
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Ocellar and humeral bristles absent; thorax elongate, the pro-
sternum prominent, the front legs attached behind middle of
thorax; hind femora without bristles on posterior edge; first
vein bare; front of both sexes wide. (Nothybus, malay.).

NOTHYBIDE

. Arista dorsal, located toward base of the third antennal joint;

front legs shorter than posterior pairs from which they are
widely separated, the front coxs short; propleura scarcely
produced in front; second antennal joint without projection;
palpi usually small. Mostly tropical ... ... MICROPEZIDZE

Middle and hind tibize uniformly pubescent but without bristles;
hind metatarsi with some setz at base; subcosta evident.
(Calébata (= Trepidaria) (F1g 604), Ca.lobatella, Paracald-
bata) ... .. . CALOBATINZE

Middle and h1nd tlbl.:E w1th a row of short extensor bristles; hind
metatarsi without group of setw at base; subcosta closely ap-
proximated to first vein. .

Posterior basal cell present. (Ta,nypoda Cardlocephala, Eury-
bata, Grallipéza, Ptilosphen, Scipdpus).. . TANYPODINE

Posterior basal cell united with discal cell. (Micropéza (= T'ylos),
Cliopéza, Neriocéphalus) .............. MICROPEZINE

Arista apical orsubapical (Fig. 605); front legs longer than posterior
pairs, the front coxe lengthened, thus placing the front legs
close to the middle pair; propleura strongly developed beneath
in front of front coxs; second antennal joint with a finger-like
process on inside edge; palpi long. Mostly tropical. (Nérius
(Fig. 605), Macrétoma, Telostylus) .......... NERIIDE

Eyes prominently bulging, the vertex sunken; scutellum often
large and grooved; femora and usually hind tibize greatly en-

larged; anal cell rather large; prelabrum well developed. . . .. . 84
Eyes less prominent, vertex not sunken; first posterior cell widely
open, if rarely narrowed the femora are not thick........... 85

First vein ending far beyond subcosta, first posterior cell usually
narrowed apically due to the angulation of the fourth vein at
apex of discal cell; posterior spiracle with a group of bristles;
palpi broad. Principally neotropical. (Rhopalomséra, Apo-
phorhynchus, Kreeberia, Willistoniélla (Fig. 610)).

RHOPALOMERIDE

First vein ending close to subcosta, first posterior cell widely open;
posterior spiracle without group of bristles; palpi narrow.

¢ (See couplet 119). (Rhinétora (Fig. 611), neotrop., ethiop.).

RHINOTORIDE
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85. Some or all tibiee with preapical bristle on extensor side; ovi-
positor short, retractile. .. .............................. 86

Tibise without extensor preapical bristle; in case preapical bristles

are present either the ovipositor is long and chitinized, or the

first vein is setulose, or the anal crossvein (Cu,) is broken. . .90

Figs. 610-616. Rhopalomeridee, Rhinotoridae, Ceelopidee,
Ochthiphilidee, Celyphide, Lauxaniidee

610. Willistoniella, wing. Rhopalomeride.

611. Rhinotora, wing. Rhinotoridee.

612. Orygma, head from above. For lettering see Fig. 594. Ccelopidz.
613. Orygma, head in profile. Ccelopidee.

614. Leucopis (Cole) Ochthiphilide.

615. Celyphus. Celyphidse.

616. Minettia (Cole) Lauxaniide.

86. Scutellum never broadly covering the wings and abdomen. .. .. 87
Scutellum enormously enlarged and convexly inflated, covering

the abdomen and the wings when at rest (Fig. 615); nearly
bristleless flies with shortened thorax, antenne porrect, arista
subapical, prelabrum large; abdominal sternites very small;

alula large, discal and second basal cells confluent. Indo-
australian and African. (Celyphus (Fig. 615), Acelyphus,
Parcelyphus, Spaniocelyphus) ............ CELYPHIDE
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Thorax convex; cheeks, pleurse and legs not remarkably bristly;
last tarsal joint not flattened. .. .. ... R .88
Mesonotum and scutellum ﬂattened head body and legs coarsely

bristly; last tarsal joint flat and enlarged. Seashore species.
(PHYCODROMIDAE) ..................... CELOPIDAE

Postvertical bristles convergent or parallel; metathoracic spiracle
without bristles; propleural bristle absent. (Ccelopa, Mala-
comyza (= Phycodromza)) S CELOPINE

Postverticals divergent; metathoracic splracle with group of
bristles; propleural present. (See couplet 76) (Orygma (Figs.
612, 613)) + oo or . ORYGMINZE

Postvertical bristles convergent or crossing; second antennal joint
with dorsal bristle; one or two sternopleural bristles and one
mesopleural present; lower edge of front femora bearing bristles;
anal and second basal cells small, anal vein abruptly shortened
(Fig. 616); two or one fronto-orbital bristles, the lower often
directed inward. Many genera, mostly tropical. (Lauxania,
Caliope, Camptoprosopélla, Homonetuira, Minéttia (Fig.
616), Pelomyza, Sapromyza, Sapromyzosdma, Steganop-
sis, Trigonometdpus.). (Including TRIGONOMETOPIDZ,
with front horizontal). (SAPROM YZID.E). . LAUXANIIDZE

Postverticals parallel or divergent, rarely wanting; second anten-
nal joint rarely with dorsal bristle; mesopleural and usually
sternopleural bristles wanting; front femora not bristly be-
neath; anal vein reaching margin, atleastasafold. ......... 89

Prelabrum pronounced, not retractable with the infolding of the
proboscis; first vein ending beyond middle of wing; femoral
bristles undeveloped. A rather small family; principally hol-
aretic .................................DRYOMYZIDA&E

Cheeks evenly pubescent; third antennal joint spherical, antennee
separated; oral margin not protruding, palpi without apical
bristle; anterior dorsocentral bristles present. (Helcomyza,
Heterochlla) .. ...... HELCOMYZINZE

Cheeks with a bare groove third antennal joint compressed, longer
than broad, antenna not separated; oral margin protruding,
palpi with apical bristle; anterior dorsocentral bristle absent;
middle femora with posterlor row of bristles. (Dryomyza,
Neurdctena (Fig. 619))........... .DRYOMYZINE

Prelabrum vestigial, rarely chitinized, not touching oral margin
when the proboscis is extended; first vein ending at middle of



a.

617.
618.
619.
620.
621.

b.

90.

BULLETIN: MUSEUM OF COMPARATIVE ZOOLOGY

wing; femora setulose, their bristles developed, a characteristic
bristle usually present near middle of anterior face of middle
femora (Fig. 617). Many genera and species; widespread, largely
holarctic. (SCIOMYZID &) TETANOCERATID.E

Abdomen of female with seven segments, ovipositor not retractile;
arista subapical; front femora not bristly. (Tetantra). _
TETANURINZAE
No ovipositor; apical segments of female abdomen, beyond fifth,
retractile; arista basal; front femora with bristles

Figs. 617-621. Tetanoceratide, Dryomyzide, Megamerinidee,
Diopsidee

Sepedon (Cole) Tetanoceratidz.

Sciomyza, head from front (Hendel) Tetanoceratide.
Neuroctena, head from side. Dryomyzidee.
Syringogaster. Megamerinide.

Diopsis, head from front. Diopsidee.

Propleural bristle present; front usually without differentiated
median polished stripe. (Sciomyza (Fig. 618), Mélina, Pher-
béllia (=Ditenia), Pteromicra)........... SCIOMYZINAE

Propleural bristle wanting; front usually with a distinet polished
median stripe, rarely subshining. (Tetandcera, Antich&ta,
Dictya, Elgiva, Hedronelra, Hoplodictya, Euthycera,
Limnia, Peecilégrapha, Renécera, Sépedon (Fig. 617)).

TETANOCERATINZAE

Head produced on each side into a lateral process bearing the eye
at the tip and the antenne widely distant from each other on
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the eye-stalk (Fig. 621), frontal lunule flattened; subcosta weak
and parallel with first vein, third vein arising from second near
middle of wing, discal cell confluent with second basal; front
femora more or less thickened; scutellum bituberculate. A small
family, mainly tropical. (Diépsis (Fig. 621), Sphyracéphala).

DIOPSIDAE

Head not produced so that the eyes are stalked and the antenna
are distantly separated; third vein arising from second toward
base of wing; scutellum not bituberculate

. Anal crossvein (Cu;) not angulate, the anal cell not acutely pro-
duced (Fig. 608), first vein bare; ovipositor retractile, not promi-
nent. (If legs and thorax are unusually elongate, see Nothybidze,
couplet 81)

Anal crossvein usually angulate so that the anal cell is acutely
produced (Fig. 624), or at least the anal cell apically angled,
first vein usually setulose above; ovipositor chitinized and more
or less projecting, usually flattened; post-vertical bristles di-
verging or parallel; palpi developed. (If indomalayan, elongate
flies with slender legs and prominent prothorax, see Phytalmi-
idee, couplet 100). (ORTALIDIDA, s.lat)..............94

2. Hind femora long, thickened and spinose beneath; basal cells

lengthened, anal vein usually reaching margin; abdomen
elongate, slender at base, clavate; postvertical bristles wanting.
A small family ; Europe, N. America, Oceanica. (Megamerina,
(=Lissa), Syringogaster (Fig. 620), Syrittomyia).
MEGAMERINIDAE
Hind femora rarely thickened, not biseriately spinose beneath;
basal cells short, anal vein abbreviated; postverticals present,
though sometimes small
. Postvertical bristles diverging; palpi vestigial; front legs of male
often more or less deformed and bristly; at least abdomen more
or less shining. (See couplet 75) ............. SEPSIDZAE
Postverticals converging, sometimes wanting; palpi developed;
femora not spinose; usually densely gray-pruinose species, the
oval abdomen usually pictured with paired brown spots. Europe
N. America, Asia. (Ochthiphila (=Chamemyia), Acrome-
topia, Leucdpis, (Fig. 614), Leucopomyia, Pseudodlma,)
(CHAMAEMYI ID_/E) OCHTHIPHILID &
. First and third veins usually bare; first posterior cell sometimes
apically narrowed or rarely closed; body often metallic; head
large, hemispherical, front broad, eyes not bulging, proboscis
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stout. (Ulidia, Cheetépsis (Fig. 625), Chrysomyza, Euxésta
(Fig. 624), Mosillus (= Myodina, =Seéptera), Timia).

ULIDIIDE

First vein usually setulose or hairy, when bare either the first

posterior cell is not narrowed, or the eyes protrude, or the costal

cell is very large

Figs. 622-628. Pyrgotide, Pterocallidee, Ulidiide, Richardiidee,
Phytalmiidee

622. Pyrgota, profile of head. Pyrogotidz.

623. Pterocalla, wing (Williston) Pterocallidz.

624. Euxesta, wing. Ulidiidz.

625. Chaetopsis (Cole) Ulidiidze.

625. Ccelometopia, wing (Williston) Richardiide.

627. Phytalmodes, head from front (Bezzi) Phytalmiidze.
628. Phytalmodes, wing (Bezzi) Phytalmiidz.

95. Ocelli present; ovipositor flattened ....................... 96
Ocelli usually absent; ovipositor not flattened; front projecting,
face retreating, mouth-opening small, clypeus small, proboscis

not heavy; second antennal joint elongate; no propleural
bristle, prothoracic stigma with a row of hairs; third vein bare.
(Pyrgota (Fig. 622), Adapsilia, Broméphila, Campylécera).
PYRGOTIDE

96. Third antennal joint round or short-ovate; first vein ending much
beyond subcosta; eyes rather protuberant; face vertical, ex-
cavated in middle, without antennal grooves, prelabrum small;
mesonotum bristly in back only; propleural bristle weak or
wanting, sternopleural bristle present; non-metallic flies.
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(Pterocalla (Fig. 623), Callopistria, Dasymetopa, Myénnis,
Pseudotephritis, Stylophthalmyia) .. PTEROCALLID &
Third antennal joint with sharpened apex; antennal grooves dis-
tinct; subcostal cellnotlarge. ........................... 97
Propleural and usually sternopleural bristles absent, three supra-
alar bristles; mouth-opening very large, clypeus large, proboscis
heavy, palpl broad. A large group, mamly tropical. (Including
CEPHALIIDE) . e . PLATYSTOMATID A&

. Upper occiput usually convex; abdomen stalked, elongate; basal

cells of wing diminutive; sternopleurals usually present; ant-like
species. (Myrmecomyla., Delphinia, Myrmecothéa, Tri-
téxa) . . . . MYRMECOMYIINZE
Upper occnput never convex; . abdomen not ant-like, if elongate no
sternopleurals present; basal cells not small. .. ............. b

. Epistome convexly projecting above oral margin. (Triphera,

Lule, Piara, Xiria) . .. e . TRAPHERIN &
Epistome not convexly pI‘O]eCtlIlg .c

. Abdomen slender, much longer than w1de, usuallv compressed

third antennal joint much longer than wide, arista not long-
plumose, the distal part bare; at most one weak fronto-orbital
bristle. (Stenopterina, Antinelira, Duomyia, Elassogaster,
Lamprophthilma, Xenispis) ........ STENOPTERINAE
Abdomen usually elliptical or short-oval, if slender either the
arista is feathered to apex, or antennz shorter, or two fronto-
orbitals present . .d

. Abdomen splndle-shaped broadest at mlddle or beyond mlddle

(Rivéllia, Cleitamia, Idana, Laglaisia) . ... . RIVELLIIN &
Abdomen broadly oval, widest before middle, or very small and
narrowly joined to thorax. (Platystoma, Achias, Euprosdpia,
Lamprogéster, Loxonelra, Nailipoda, Peltacanthina,
Scholastes) . ......................PLATYSTOMATINAE

Propleural and sternopleural bristles present, four supra-alar
bristles, anterior dorsocentral bristle present; mouthparts less
developed, cheeks broad. (Ortalis, Anacimpta, Hérina,
Dorjcera, Meliéria (=Ceréxys), Tétanops, Tephronota)
(Including DORYCERIDAE) ............. ORTALIDIDA

Discal cell complete, anterior crossvein near middle of wing, costa
extending only to third vein (R;), second vein (R;) long, ending
near tip of wing; vibrisse absent. Europe, America, Ceylon.
(Periscelis, Cyamops, Marbénia, Neosclitops, Podécera,
Sphyroperiscelis (Fig. 629), Scutops) .. PERISCELIDZE

Discal cell entirely wanting, anterior crossvein located near base
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of wing, costa extending to fourth vein, second vein very short,
ending close to first vein; vibrissa present. (See couplet 125).
(Astia (= Asteia) (Fig. 645) Liomyza, Sigaloéssa (=Crepido-
hdmma), Stendémiera) ... ..................... ASTIID &

99. Typically heavy-bodied flies (Fig. 633), with broad, five-segmented

100.

101.

103.

abdomen and with rows of bristles on thorax, abdomen and legs
(Anthophasia with tergites fused and apical bristles alone
present on abdomen); second antennal joint as long as third or
longer, arista bare; vibrisse present; third vein close to second
and ending much before wing-tip, costa stopping before tip of
wing, first and third veins bristly above at least at base, sub-
costa distinct, obliquely ascending at tip, anal .cell prolonged
into a sharp point. Bright-colored flies, 7-18 mm. in length,
with banded wings, resembling stout tachinids. (Tachinisca
(Fig. 633), Peru, Bolivia; Anthophasia (= Tachinestrus),
Tachiniscidia, ethiop.) ................ TAGHINTSCIDE

Not large, heavy-bodied, or very bristly flies. . . .100

Legs long and slender, thorax large, prothorax neck llke, abdo-
men long and clavate, the basal segment as long as remainder
of abdomen; first posterior cell not narrowed; one or no fronto-
orbital bristle, no postvertical, propleural, sternopleural or
dorsocentral bristles, two scutellars; arista long-plumose;
cheeks often produced as lateral processes. Indomalayan.
(Phytalmia (=Elaphomyia), Angitula, Angituléides, Ato-
pégnathus, Giraffomyia, Phytalmédes (Fig. 627, 628),
Terastiomyia) ...... ......... PHYTALMIID &

Legs not unduly long and slender prothorax not neck- hke, body
not suggestive of the Neriidz. . .. e .101

Costa broken only at end of subcosta (Flg 639) e .102

Costa broken near humeral crossvein in addition to the subcostal
break (Fig. 658), rarely (Acartophthalmus, couplet 129), the
costa broken only at humeral crossvein. e .126

. Subcosta complete, ending in costa, usually lndependent of first

radial vein (Fig. 630); second basal and anal cells complete
(except Aulacogastridee, couplet 106 (Fig. 631), with second
basal and anal cells confluent) . B .103
Subcosta incomplete or Vestlglal the aplcal portlon represented
as a fold, not ending independently in the costa (Fig. 646)..115
Vibrisse present at the vibrissal angle (Fig. 635)...........104
Vibrisse absent, only peristomial hairs or setee; no preapical tibial
bristle . .. ..o e 112
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104. Cheek-plates continuing on the front, bearing inclinate lower
fronto-orbital bristles (Fig. 594); tibise in addition to preapical
and apical bristles usually with other bristles; metanotal suture
continuous; anal crossvein straight or weakly curved, the tip
of the anal cell angulate. (See couplet 68). . CORDYLURIDZZE

Cheek-plates not continuing on the front, lower fronto-orbitals
therefore not present; mesonotal cross-suture interrupted in

the middle 105

Figs. 629-633. Periscelide, Neottiophilide, Aulacogastride,
Tachiniscide

629. Sphyroperiscelis, wing. Periscelidz.

630. Neottiophilum, wing. Neottiophilidz.

631. Aulacogaster, wing. Aulacogastride.

632. Aulacogaster, head from front. Aulacogastridee.
633. Tachinisca (Kertesz) Tachiniscide.

105. Postvertical (postocellar) bristles divergent (Fig. 634), parallel

OF WaDtING. .. ot ittt e et e e e e e 106

Postvertical (occipital) bristles convergent or cruciate (Fig. 637);

foremost fronto-orbital bristle reclinate; costa often setose. .110

106. Second basal and discal cells confluent, anterior crossvein located

before middle of cell, costa thin but not broken near humeral

crossvein; no postvertical bristles; a graded series of oral bristles

in addition to the vibrisse; tibiee without preapical bristles.
(Aulacogister (Fig. 631, 632), holarc.).

‘ AULACOGASTRIDE

Second basal and discal cells separated . .. ................. 107
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107. Frontal orbits reaching the anterior edge of the front and bearing
two to four fronto-orbital bristles (Fig. 636); second antennal
joint nearly always with a triangular projection on the exterior
side; preapical bristles usually present on tibize. (See couplet
77). (HETERONEURIDA)..................CLUSIIDA&

a. Postvertical bristles distant from each other, eyes hairy, arista
short; costa broken only at humeral crossvein, Sc diverging
from Ri.  (See couplet 129). (Acartophthalmus (Fig. 636),
holare.) ..... ....... ACARTOPHTHALMINZE

Postverticals (postocellars) close together, eyes bare, arista twice
as long as antenne or more; costa broken at Sc. Mostly tropi-
cal. (Clusia (Fig. 635), Clusiddes ( Heteronmm), Sobaro-
céphala (Fig. 634)).. ) . CLUSIINE

Frontal orbits shortened, fronto-orbital bristles absent, or one or

two pairs present; second antennal joint without triangular

~ projection on exterior side. ............................108
108. Eyes round, occiput convex; no ovipositor. .. ..............109
Eyes large, semicircular, occiput concave, front of male about
one-fifth width of head; female with long ovipositor. (See coup-

let 114). (Loncha®a) . . o . LONCHZEID &

109. Costa splnose, first radlal vein halry above, anal vein reaching
margin; four or five sternopleural bristles present; two fronto-
orbital bristles; ocellar triangle large. (See couplet 77). (Neot-
tiophilum (Fig. 630), Eur., larvae parasites of nestling birds).
NEOTTIOPHILID.E

Costa not spinose, first vein not hairy, anal vein abbreviated; two
sternopleurals, one or no fronto-orbital. (Piéphila, cosmop.

(P. caset, Cheese skipper); Mycetatilus, holarc.; Prochyliza,
nearc.) . . PIOPHILIDIE

110. Orbital plates bearlng the fronto orbltal brlstles short (Fig. 637),
one or two reclinate fronto-orbitals, set in from the eyes, the
foremost near middle of front; subcosta strong and clearly
independent of R;, from which it diverges at apex, R; ending

near two-fifths the wing-length (Fig. 638); preapical tibial
bristles present. A rather large family, mainly holarctic.
HELOMYZID&E

a. No propleural bristle; anal vein not reaching margin; the strip
bearing the upper fronto-orbital bristle reaching inward from
the eye-margin (Fig. 637). (Suillia (= Helomyza, auct.) (Fig.
637), Allophyla, Didymochata, Pérsenus). (HELOMYZ-
INZE auct.) ... SUILLIINZE
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Propleural bristle present; anal vein nearly or quite reaching
margin; the fronto-orbital strip extending only along the eye-
margin. (Helomyza (=Blepharéptera, =Léria), Amee, baléria,
Anoréstoma, Eccoptoméra, @Ecothea (Fig. 638), Scolio-
céntra, Tephréchlamys). (LERIIN./E).. HELOMYZINZE

Figs. 634-639. Clusiidee, Helomyzidee, Trichoscelide

634. Sobarocephala, head from front. Clusiidz.
635. Clusia, head in profile view. Clusiidze.

636. Acartophthalmus, head from front. Clusiidee.
637. Suillia, head from above. Helomyzidze.

638. @Ecothea (Cole) Helomyzidz.

639. Trichoscelis, wing. Trichoscelidz.

Orbital plates longer, nearly attaining level of antenne, the two
or three fronto-orbital bristles close to eye-margin and the fore-
most in anterior portion of front; subcosta weak, parallel with
R; with which it fuses at tip, R; shorter, ending at basal fourth
to two-fifths of wing, anal vein not reaching margin (Fig.

111. All tibise with preapical bristles; two fronto-orbital bristles; pro-
pleural bristle present, presutural dorsocentral bristles strong;
costa spinulose. (Trichéscelis (=Geomyza Loew, = Didstata-
Malloch) (Fig. 639), Psiloplagia, Spiléchroa, Zagodnia).
(TRIXOSCELID &, GEOMYZID E auctt., part).

TRICHOSCELID&E
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Tibise without preapical bristles; two or three fronto-orbitals;
propleurals absent; palpi short; costa not spinulose; ground
color yellow. Holarctic. (Chyromyia (=Chiromyia, = Pele-
téphila), Aphanioséma)................ CHYROMYIIDE

Second segment of abdomen typically with lateral bristles; first
radial vein bare, slightly deflected near apex to form a small
stigmal area beyond the subcostal break; femora often thick-
ened and furnished with spines; wings pictured with a few spots
or clouds, anal crossvein recurved, anal cell not acutely pointed;
eyes sometimes stalked. Many genera and species, mostly
tropical. (Richardia, Ccelometdpia (Fig. 626), Cdniceps,
Epiplatea, Odontomeéra, Setéllia, Stenomacra).

RICHARDIIDAE

Second segment of abdomen without lateral bristles; first vein not
forming a characteristic stigma; femora not thickened. .. .. 113

Anal crossvein recurved, anal vein continued beyond anal cell
(Fig. 641); one fronto-orbital bristle, postvertical bristles paral-
lel or slightly diverging; head not triangular in profile; oviposi-
tor with definite non-retractile base. .. .................. 114

Anal crossvein straight, anal vein vestigial (Fig. 646); three to
five usually weak fronto-orbitals, postocellar bristles diverging;
upper part of face swollen, separating the antenne, cheeks wide,
front wide, the ocellar triangle large; third antennal joint spheri-
cal; no ovipositor. (See couplet 120). (Cédnace (Fig. 646),
Xanthocdnace) .......................... CANACEID &

Head hemispherical in profile, eyes large and vertically semi-
circular, cheeks narrow, front narrow, in male one-fourth to
one-fifth width of head; post-vertical bristles close together;
third antennal joint more or less cylindrical; metallic black
species. (See couplet 108). (Lonch®a (Fig. 641)).

LONCHEIDAE

Head globular, eyes round, front more than one-third width of
head; third antennal joint orbicular; more or less pale-colored
species, wings patterned. (Palléptera (Fig. 640)).

PALLOPTERIDAE

Anal cell complete or nearly so; arista pubescent. .......... 116

Anal cell entirely wanting; no preapical bristles. (If hind meta-
tarsi are short and thickened see Leptoceratide, couplet
188) 125

Hind metatarsi shortened and incrassate (Fig. 643); no sterno-
‘pleural bristle, vibrissee strong, dorsocentral bristles weak.
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Cosmopolitan, dung flies. (Bérborus (= Cypsela), Scatéphora
(=0lina), Sphaerocera (Fig. 643)) (CYPSELID,/E SPH Z-
ROCERID.E) . .. ... . BORBORIDE
Hind metatarsi not short and thlck R L117
Postvertical bristles converging, presutural dorsocentral brlstle
present, fronto-orbital bristles directed outward, interfrontal
cross-bristles usually present, one sternopleural bristle. (If

Figs. 640-646. Pallopteride, Loncha®idee, Thyreophoride,
Borboride, Leptoceratide, Astiidee, Canaceide

. Palloptera, head from side. Pallopterids.

. Loncheea, wing. Lonchzidee.

. Thyreophora, head in profile view. Thyreophoridz.
. Spherocera, dorsal aspect (Howard) Borboridz.

. Leptocera, wing (Spuler) Leptoceratidz.

. Astia, wing. Astiide.

. Canace, wing. Canaceids.

preapical tibial bristles are present see Trichoscelide, couplet
111). Seashore species. (Téthina (= Rhicnoéssa), Neopel-
omyia, Pelomyia) ........................ TETHINIDE
Postvertical bristles diverging or absent, if (Anthomyzide, coup-
let 123) converging then presutural dorsocentral bristles are
not developed and the two prominent fronto-orbital bristles
arereclinate . ............ .. .. . i 118

. Preapical tibial bristles present; postocellar bristles diverging;

two reclinate and one inclinate fronto-orbital bristle present;
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vibrissee present; one presutural and three postsutural dorso-
central bristles; terminal segments of female abdomen slender
and retractile. (Odinia, Neoalticomérus, Triginops).

ODINIIDE
Preapical tibial bristles absent, or insect otherwise disagreeing
from preceding description. .. .. .. o 119

Eyes protuberant; scutellum usually tuberculate and medlally
grooved; front femora thickened; second basal and anal cells
relatively large; at least base of anal vein firm; two reclinate
fronto-orbital bristles, vibrisse present, no postvertical bristles.
Neotropical and ethiopian. (See couplet 84). (Rhinétora

(Fig. 611)) . A . RHINOTORID &
Eyes not bulgmg, scutellum not tuberculate front femora not
enlarged; basal cells usually small. . . .. .. e .120

Subcosta uniformly firm though thln, separate from ﬁr%t radlal
vein almost to its tip, second basal and anal cells very small,
anal crossvein straight, anal vein indicated by a weak fold (Fig.
646); no sternopleural bristle, postocellars diverging, three to
five superior orbitals directed outward; ocellar triangle large,
reaching edge of the front, antennz well separated, the third
joint orbicular. (See couplet 113). (If second basal cell is open,
two fronto-orbitals present, the anterior proclinate and the
posterior reclinate, no postverticals, but sternopleurals present,
see Aulacogastridee, couplet 106) (Ca.na.ce (Flg 646), Xan-

thocanace) . .. o CANACEIDE
Subcosta aplcally much Weakened . - 121
Distinet vibrissee present at the v1brlssal angle of the face .122

Vibrisse absent, though bristles may occur on the middle part of
the cheeks; anal vein firm for some distance beyond anal cell,
except when wings lack analangle. .. .. ........ ... .124

Second basal cell present; sternopleural brlstles present ..123

Second basal cell open, fourth vein vestigial beyond dlscal cell;
postvertical bristles diverging or parallel; pleurse without
bristles except the propleural; hind metatarsi not short. (Cy-
pselosdma, Formosa (aberrant genus)) . BORBORIDZ, part

Postvertical (postocellar) bristles diverging; anterior fronto-
orbital present and directed inward; seventh segment of female
abdomen long and chitinized, not retractile; basal joint of
arista shorter than broad. A large family, including many
leaf-mining species; widespread. (Agromyza (4. parvicérnis,
Corn blotch leaf-miner; A. pusilla, Serpentine leaf-miner; A.
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simplex, Asparagus miner), Cerodénta, Domomyza, Lirio-

myza, Napomyza (N. chrysinihemi, Chrysanthemum leaf-

miner), Phytomyza (Fig. 647)) .......... AGROMYZIDAE

Postvertical (occipital) bristles converging, rarely absent; base of
female genitalia retractile; basal joint of arista longer than

broad. (Anthomjza, Anagnota, Ischnomgyia, Mume-

topia, Paranthomyza, Stiphrosoma).

_ ANTHOMYZIDE

647.
648.
649.
650.
651.
652.
653.

124.

a.

Figs. 647-653. Agromyzide, Psilidee, Opomyzidee, Chloropidee,
Cryptocheaetidee

Phytomyza, wing. Agromyzide.

Chyliza, wing (drawn by Cole) Psilide.

Psila, wing and profile of head (Cole) Psilidee.
Geomyza (Cole) Opomyzidze.

Botanobia, dorsal aspect (Lugger) Chloropidee.
Cryptochetum, wing. Cryptochaetide.
Cryptochetum, head from side. Cryptochaetidee.

One presutural and two or three postsutural dorsocentral bristles
present; postvertical bristles minute or absent; one sternopleural
bristle. (Opomyza, Anomaloch&ta, Geomyza (=Baliép-
tera, not Trichoscelis) (Fig. 650). (GEOMYZID Z, part).

OPOMYZIDE

No presutural (very rarely one) and at most two postsutural
dorsocentral bristles present postvertncal bristles dlverglng or
absent; no sternopleural . ................ . PSILIDAE

Anal cell closed by a straight crossvein; no or one notopleural
bristle; third antennal joint elongate oval to very long......b
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Anal cell closed by a curved crossvein; head spherical, third an-
tennal joint rounded; two notopleurals, two scutellars.
(Strongylophthalmyla, Chamepsila (C. rose, Carrot rust
fy) oo STRONGYLOPHTHALMYIINE

b. Occiput concave; metapleural callus velvety; anal cell distinctly
shorter than second basal. (Chyliza (Fig. 648) . CHYLIZIN &

Occiput convex; metapleural callus bare; anal cell not shorter than
second basal. (Psila (Fig. 649), Loxocera) . PSILINAE

125. Ocellar triangle large (Fig. 651); arista bare, pubescent, or heav-
ily feathered; postvertical bristles convergent or absent; second
vein (R;) long, ending beyond middle of wing. A large, wide-
spread family. (OSCINIDAE) ............ CHLOROPIDZE

a. Costa reaching to tip of third vein, or a little beyond. (Chlérops
(=0scinis), Chloropisca, Eurina, Ectecéphala, Meromyza).
CHLOROPINZE

Costa, reaching to tip of fourth vein. (Botanébia (=0scinosoma,
=0scinis, auct.) (Iig. 651), Elachiptera, Hippelates, Galrax,
Notonaulax). (OSCINOSOMINE) ... ... BOTANOBIINZE

Ocellar triangle small; arista loosely feathered; postvertical (pre-
ocellar) bristles diverging; second vein very short, ending close
to first vein. Few species. (See couplet 98). (Astia (Fig. 645),
Sigalodssa) . ... ASTIIDE

126. Subcosta free from first vein, ending steeply in the costal break
much before the end of the first vein (Fig. 657), anal cell angu-
lar, often drawn out into an acute point, at least first vein setu-
lose, wings usually banded or spotted; inclinate lower fronto-
orbital bristles present; no vibrissee, but oral hairs developed;
no preapical tibial bristles; seventh segment of female abdomen
long and chitinized. A large family, including many species of
fruit flies, many tropical. (E URIBIID &, TEPHRITIDZ,
TRYPANEIDAE) ........................ TRYPETIDZE

a. Cheetotaxy incomplete, the following bristles lacking, ocellar,
inner occipital, postvertical, humeral, presutural, dorsocentral
and sternopleural; second basal cell usually widened; antenne

elongate; sixth tergite of female short.......... ...b
Chetotaxy complete, preceding bristles usually present second
basal cell not widened; antennz usually short..............c

b. Femora more or less spinose beneath; transverse suture of 1 meso-
notum. complete; abdomen long, cyhndrlcal (Adrama, Mera-
canthomyia, indoaustr.) . ........... . ADRAMINZE

Femora not spinose beneath; transverse sutule of mesonotum in-
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terrupted in middle; abdomen ovate or clavate. (Dacus (Fig.
656), palearc. (D. olew, Olive fly); Bactrécera, indoaustr.
(B. cuctirbite, Melon fly); Chetodacus, Pélmatops, indomal.;
Leptéxyda, ethlop Toxotr§pana, neotrop. (7. curmcauda,
Papaya fly)) . ... ... DACINAE
c. Sixth abdominal tergite shorter than fifth; occipital bristles of
hind margin of eye slender and pointed; wings banded or
marked with brown or hyaline. (Trypéta, Acidia, Aciura,
Anastrephsa (4. ladens, Orange maggot), Ceratitis (C. capi-
tata, Mediterranean fruit-fly or Medfly; C. rose, Natal fruit-
fly), Epéchra (E. canadénsis, Currant fruit-fly), Euribia
(= Tephritis Latr. 1805, not 1804, = Uréphora), Neaspilota,
Platyparea, Procecidéchares and Edaspis, Rhagéletis (R.
cingulata, Cherry maggot; R. pomonélla, Apple maggot),
Straussia, Trypa.nea (= Uréllia, Loew), Zonoséma,). (CER-
ATITINA). ... . i, TRYPETINE
Slxth abdominal tergite of female at least as long as fifth; 00(:1p1tal
bristles on hind margin of eye usually stout and blunt wings
or at least Crossveins with numerous small spots. (Tephritis
Latr. 1804, Actinéptera, (= Uréllia), Ensina, Euarésta,
Eurésta (Fig. 657) (E. soliddginis, Goldenrod gallmaker),
Eutréta, Ictérica, Oréilia, Teréllia) ...... TEPHRITIN &

Subcosta ending closer to first vein, not steeply bent toward costa,

or vestigial ; lower fronto-orbital usually wanting. .. ....... 127

127. Subcosta complete, ending in costa independently of Ry, second
basal and anal cells well formed; postvertical bristles diverg-

1Y 128
Subcosta incomplete, vestigial, or ending in R;, second basal and
anal cells usually weak orabsent. .. ............... ... ... 130

128. Vibrissee absent; anal cell more or less acute, often drawn out
into an acute lobe, second basal cell moderately large; female
with chitinized ovipositor. Refer to couplet 94, Ortalid series.

Vibrissee present; anal cell not produced . .. .. ..............129

129. Antenn retractile into deep grooves, face retreating, eyes round

and small (Fig. 642); scutellum very long, flattened, tipped

.~ with two setigerous tubercles; two vibrissee. A small family;

Eur., Afr., Austr. (Thyreéphora (Fig. 642), Centrophle-
bomyia, Dasyphlebomyia, Piophilosdma).

THYREOPHORIDZE

Antennz not retractile, the face flattened, vertical; subcostal

break not evident. (Acartophthilmus, holarc. (See couplet

107)) oo CLUSIIDE, part
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130. Arista lacking, antennz inserted high on head, the apparent
' third joint long and leaf-like; no postvertical, orbital, vibrissal
or other bristles, but body including mesopleurz setulose; eyes

large, vertical, cheeks linear; proboscis short; scutellum tri-
angular, with sharp margin; calypteres without cilia. A small
indoaustralian group, parasitic on scale insects, introduced into
America. (Cryptoch&tum (=Lestéphonus) (Figs. 652, 653)).
CRYPTOCHAETIDA

Figs. 654-661. Ephydride, Trypetidee, Milichiide, Carnidee,
Drosophilidee, Diastatide

654. Parydra, head in side view and wing (Cole) Ephydridee.
655. Drosophila (Cole) Drosophilidze.

656. Dacus, wing. Trypetide.

657. Eurosta, wing (Williston) Trypetidz.

658. Meoneura, wing. Carnidse.

659. Desmometopa, head from front. Milichiidee.

660. Cyrtonotum, head from front. Diastatide.

661. Diastata, head from front. Diastatidzee.

Arista present; fronto-orbital bristles present (Lipocheta, couplet

132, a, with no arista or bristles, has small antennse); scutellum
withroundededge. ...................................131

131. Postvertical bristles diverging; vibrisse absent, but often oral
and facial hairs variously developed; sternopleural bristles
usually present. ......................................132




BRUES AND MELANDER: CLASSIFICATION OF INSECTS 343

Postverticals convergent or parallel, rarely wanting; vibrisse
present . c e 133
132. Pubescent, Wlthout brlstles, scutellum marglned vmth ﬁne brlstles ;
cheeks broad and hairy; front hairy, produced as a subconical
process over the antennsz. (Sélachops, Eur., an aberrant
genus) . ...... e . AGROMYZIDZE, part
Usually bare, or nearly bare of pubescence front not produced;
second basal and anal cells not formed. A large family, mainly
holarctic. (HYDRELLIDZE, NOTIPHILIDE).
EPHYDRIDE

a. Antennz small, widely separated, inserted in cavities; no arista;
eyes pubescent bristleless, gray, seacoast flies. (Lipoch®ta).
LIPOCHZAETIN &

Antenns close together, arista developed .. b

b. Second antennal joint with a spinous bristle at its upper distal
edge, or middle tibie with a strong extensor bristle; mouth-

parts usually small..... .. ... .c
Second antennal joint without a spmous brlstle, middle tibis
without a strong extensor bristle. .. ..... . .e

c. Posterior buccal area separated trom the concave lower part of
occiput by a sharp ridge; clypeus generally narrow but pro-
jecting apron-like; parafacials expanding below into the cheeks;
no reclinate fronto-orbital bristles. (Gymnépa, Athyroglossa.,
Cerometdpon, Ochtherdidea) . ..... GYMNOPINZE

No sharp post-buceal ridge, the checks rounding into the occiput;
parafacials paralleling the orbits; lateral frontal bristles pro-
clinate and reclinate. .. .. ... .d

d. Dorsocentral and acrostichal bristles rarely present (Psﬂbpa.
(=Ephygrobia), Atissa, Allotrichoma, Discocerina (=Clasi-
opa), Discomyza, Trlmerlna) ........ PSILOPINZE

Acrostichals usually and one or more dorsocentral bristles always
present. (Not1ph11a, Dich#&ta, Iljthea, Paralimna).
NOTIPHILINZE

e. Mouth-opening small; eyes usually pubescent. (Hydréllia, Hy-

drina (= Plnlygma), Gleninthe, Ax§sta). . HYDRELLIIN &
Mouth-opening large; eyes without evident pubescence ........ f

f. Face with median area bare and facial series of bristles parallel
with orbits; anterior dorsocentrals absent or undeveloped.
(Nap®a, Brachydelitera, Hyadina, Lytogaster, Parydra
(Fig. 654), Pelina) . NAPEINZE

Face with median area “setulose and facial series . of bristles di-
vergent from orbits above; anterior dorsocentrals usually well
developed. (Ephydra, C(bma, Scatella,, Scatéphila, Tei-
chomyza) ....... .......... EPHYDRINE
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133. Inflexed lower fronto-orbital bristles wanting, the lowest or the
middle of the superior fronto-orbitals may be proclinate, re-
clinate, or directed outward. ........................... 134

Inflexed lower fronto-orbitals present; interfrontal cruciate
bristles usually present. ............................... 137

134. Second basal and anal cells lackmg, no prochnate fronto-orbital

bristles . e e . 135
At least anal cell formed anal vein present almost to margin;

interfrontal cruciate bristles absent; foremost or middle fronto-

orbital bristle almost always proclinate. .. ............... 136

135. Hind metatarsi not short and stout; middle tibize not bristly;
fronto-orbital bristles reclinate; only one row of acrostichals;
ovipositor large, broadly oval, compressed so that the lateral
margins form narrow ridges. (Pseudopomyza, Eur., aberrant
ENUS) & vvvt it vt MILICHIIDE part

Hind metatarsi short and thlckened middle tibiee bristly; inter-
frontal cruciate bristles present, fronto-orbitals directed out-
ward; fourth vein continued beyond discal cell only as a fold
(Fig. 644). (Leptécera (=Limosina) (Fig. 644)).

LEPTOCERATID.E

136. Subcosta complete, costa usually spinose; mesothorax raised
anteriorly, mesopleurse with bristles, sternopleural bristles
PTSENt . v e v oo e e e DIASTATID &

a. Proclinate fronto-orbital bristle arising in front of reclinate ones,
both remote from eyes (Apsinota has only uppermost fronto-
orbital present); arista loosely long-plumose (Fig. 660). (Cyr-
tondtum (= Diplocéntra) (Fig. 660), Apsindta, Parapsinota,
Thaumastéphila) .................... CYRTONOTINZE

Proclinate fronto-orbital behind the foremost reclinate pair, close
to eyes; arista short-plumose. (Didstata (=Cadlopterélla) (Fig.
661), BEuthych&ta, Tryptoch&ta). ......... DIASTATINZE

Subcosta evanescent beyond base, costa not spinose; mesopleurz
rarely bristly; proclinate fronto-orbital bristle not closer to the
eyes than the reclinate ones are. A large family, mostly tropical.

DROSOPHILID&E

a. Sternopleural bristle absent, mesopleurz bristly; hind tibise with-
out preapical bristles; anal cell apically open; metallic colored.
(Camilla, palearc.) ...................... CAMILLINAE

Sternopleural bristle present, no mesopleural bristles; hind tibize
usually with preapical bristles. ...........................b
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b. Discal and second basal cells sepal'ated by a pigmented cross-
vein .

Discal and second basal cells umted (Drosophlla. (Flg 655)
(D. melanogdster or ampeléphila, Pomace fly, the laboratory fly
of experimental genetics), Chymomyza, Cladoch&ta, Gi-
tona, Leucophénga, Diathoneura, neotrop.; Liodrosé-
phila, Malay, Mycodrosophila, Scaptomyza, Zygothnca)

DROSOPHILIN &
c. Middle tibize with dorsal row of bristles; eyes longest horizontally.
(Stégana, largely neotrop.) . . STEGANINZE

Middle tibize outwardly without brlstles eyes longest vertically.
(Amidta (= Phomca) Orthostegana, Smophthalmus)
(PHORTICIN &) . B, .AMIOTINZE

137. Postvertical bristles convergent; proboscis usually long and
geniculate; oral hairs smaller than vibrissee. . MILICHIIDAE

a. Costa prolonged as a pointed lappet at end of Sc, last section of
fourth vein at most twice as long as preceding; calypteres with
long cilia; cheeks very narrow, mesopleure often bristly.
(Milichia, Milichiélla, widespr.; Pholeomyia, Am.; Pseu-
domilichia, nearc.) . MILICHIIN &

Costa not prolonged as a lappet at the subcostal break, last sec-
tion of fourth vein at least three times preceding; calypteres
rarely with dense cilia; mesopleuree rarely with bristles.
(Madiza, Phyllomyza, holarc.; Desmometopa (Fig. 659),
widespr.; Aldrichiélla, Eusmhona,, Paramyia, nearc.).

: MADIZIN &

Postverticals parallel; proboscis short; some oral bristles as strong
as the vibrisse; ocellar triangle wide. (Carnus (= Cenchridobia),
palzarc.; Meonetlira (Fig. 658) holarc., ethiop.; Hemeromyia
(= Paramadiza) nearc.; Rhodesiélla, ethiop.). ... CARNID &

Pupipara

138. Mesonotum short, resembling the abdominal segments, no scutel-
lum, abdomen completely sessile; eyes minute, no ocelli, an-
tennze set in lateral grooves; vertex without bristles; last tarsal
joint broad, bearing an inflexed comb of many microscopic
teeth. Small convex wingless insect, widespread, parasitic on
the honey-bee. (See couplet 168). .(Bratla (Fig. 662), Bee-
JOUSE) '« ovve e e e e BRAULIDAE

Thorax distinct from abdomen, scutellum developed; head with
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bristles; tarsal comb not developed; winged or wingless species,
parasitic on birds or mammals. .. ....................... 139
139. Head small, capable of folding back into a groove on the flat-
tened and expanded mesonotum; eyes if present represented at
most by two facets; wingless, long-legged species, parasitic on
bats. Bat-tick flies. (See couplet 169). (Nycteribia (Fig. 663),
Bacilia, Cyclopddia, Penicillidia) ..... NYCTERIBIID &

Figs. 662-666. Braulidee, Nycteribiide, Streblidee, Hippoboscide

662. Braula, dorsal aspect. Braulide.

663. Nycteribia, dorsal aspect. Nycteribiids.

664. Trichobius, dorsal aspect (Brues) Streblidee.

665. Trichobius, profile of head (Brues) Streblidee.

666. Pseudolfersia, dorsal aspect (Lugger) Hippoboscidz.

Head not folding back upon the mesonotum which is not strongly
flattened and expanded. . . e .140

140. Palpl broader than long, prOJectlng leaf—llke in front of head
wings when present usually with distinct parallel veins and

outer crossveins, at least the principal veins not crowded for-

ward; claws simple; almost always ectoparasites of bats. Bat

flies. (See couplet 170). (Strébla, Aspidéptera, Ascodip-
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teron, Megistépoda, Nycterophila, Pterellipsis, Tricho-
bius (Figs. 664, 665)). .. ............coooi.. STREBLIDZE
Palpi slender and elongate, forming a sheath for the proboscis;
wings if present with the stronger veins crowded along the costa
(Fig. 666); tarsal claws strong and often armed with a series of
small teeth; head and body often flattened: parasites of birds

and mammals. (See couplet 170) ...... HIPPOBOSCIDA&
a. Ocelli often present, or when absent the anal cell is formed.. .. .. . b
Ocelli absent; anal cell usually not formed . . .c

b. At most with functional wings having greatly reduced Venatlon
usually with vestigial wings which have almost disappeared in
the sheep-tick. (Melophagus (M. ovinus, Sheep-tick, cosmop.);
Echéstypus, ethlop ; Lipopténa, holarc.). (MELOPHAG-
IN/E) ..... LIPOPTENINAE

Wings functional or vestlglal anal cell usually present. (Orni-
thomyia, cosmop.; Ornithdéca, mostly indoaustr.; Orni-
thopértha, neotrop.; Stendépteryx, Crateerrhina, palaearc)

ORNITHOMYIINE

c. Wings well developed. ........................ .. ... ... ... d
Wings vestigial, anal vein closing anal cell. (Allobdsca, ethiop.).
ALLOBOSCINZE

d. Pronotum not visible from above. (Olférsia, cosmop.; Icdsta,
malay.; Lynchia, widespr.) . ... ........ OLFERSIINAE
Pronotum visible from above usually as a llght colored ring.
(Hippobésca, mostly palearc.) . . HIPPOBOSCINZE

Wingless Diptera, or with Vestigial Wings

141. Antennz and mouthparts absent; body at most pupiform. . .142
Antenne and mouthparts present; body as in other adult flies.143

142, Completely submarine; legs vestigial. (Pontomyia, female,
Samoa (see couplet 151)) .......... CHIRONOMIDZ, part
Boring in the skin of bats; completely sac-like, head, thorax and
abdomen undifferentiated, without sutures. (Ascodipteron,
female (Fig. 676), widespr. (see couplet 170)). (4SCODIP-
TERIDE) . ....... STREBLIDZE, part

143. Antenne free, con51st1no" of more than six joints which are all
more or less similar; palpi usually plainly jointed; bristles not

developed. (NEMATOCERA) ........ B 144
Antennee consisting of three or less joints, rarely six; palpi not
jointed; bristles often present. (BRACHYCERA). . .152

144. Female with long chitinized ovipositor; mesonotum typically
with a V-shapedsuture. .. .............................145
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No chitinized ovipositor; mesonotum without transverse V-
shapedsuture. ............. ... ... . ... ... ... .......146

145. Flagellum of antennz short, thin and long-haired. (Chidnea
(Fig. 672), Snow-flea, apterous, holarc.; Zaltisa, Falkl. Isl.;
Zaluscddes, antarc.) ................ LIMONIIDZ, part
Flagellum not much thinner than basal joints of antennse; wings
strap-shaped. (See couplet 7). (Tipula, female, widespr.).
TIPULIDE, part

Figs. 667-672. Wingless Nematocera

667. Thripomorpha (Enderlein) Scatopside.

668. Dahlica (Dahl) Mycetophilidze.

669. Pnyxia (Schmitz) Sciaridse.

670. Termitomastus, dorsal view and wing (Silvestri) Cecidomyiidze.
671. Clunio (Carpenter, Bezzi) Chironomidz.

672. Chionea (Johnson) Tipulidee.

146. Eyes meeting over theantennee. .. ....................... 147
Eyes widely separated on the front; mouthparts reduced. . . . 150

147. Abdomen enormously swollen, the apical four segments forming
a slender projection; antennz long, filiform or moniliform.
Termite guests. (Termitoméstus (Fig. 670), neotrop.).
CECIDOMYIIDZE, Subfam. TERMITOMASTINE

Abdomen formed otherwise.............................148
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148. Claws dentate, pulvilli absent; antennal joints clavate and verti-
cillate. (See couplet 17). (Wasmanniélla, palwarc.).
CECIDOMYIIDZA, part

Claws simple
149. Scutellum and halteres present; legs strong. (See couplet 20).
(Cobéldia, myrmecophilous, nearc.; Thripomérpha (Fig. 667),
paleeare.) SCATOPSIDZAE, part
Scutellum absent; legs slender SCIARIDZ, part
Two types of genera may be distinguished:

a. Small halteres and wing-stumps present. (Austrosciara, female
only, in termite nests, Austr.; Aptanégyna, Bértea, Dasy-
sciara, palaearc)

b. Halteres and wings wanting. (Epidapus, holarc.; Pnyxia (Fig.
669), Potato-scab mite, nearc.)

150. Termite guests; antennee 14-jointed; no ocelli; wings with several
veins. (See couplet 14). (Termitadélphus, Termitodipteron,
neotrop.) PSYCHODIDZE, part

Not termite guests. .. .. ... .. . 151
. Mesothorax large, fornnng a hood over base of head abdomen
constricted at thorax; halteres present. (See couplet 31).
(Clunio (Fig. 671), maritime, palearc.; Eretmoéptera, mari-
time, nearc.; Pontomyia, male, marine, legs for swimming,
Samoa; Bélgica, Jacobsiélla, Patagonia). (ERETMOP-
TERID E) CHIRONOMIDZ, part
Mesothorax small, not projecting over head; abdomen broadly
sessile with thorax; halteres and scutellum undeveloped.
(Dahlica (Fig. 668), paleearc.).
Probably MYCETOPHILID &
. Empodium pulvilliform, legs long; eyes and ocelli well developed;
antenne six-jointed, short, without arista; thorax convex; ap-
terous. (See couplet 36). (Boredides, Austral.).
CHIROMYZIDE, part
Empodium not pulvilliform . .. .. .. .. . 153
. Physogastrous termite guests, the abdomen gleatlv swollen and
anal segments inflexed under venter; arista feathered; mouth-
parts free; legs not compressed. (Termitoxénia (Fig. 678),
Ind. Afr.; Termitomyia, Afr.; Odontoxénia, Java).
TERMITOXENIIDE
Not physogastrous, or if rarely so, the anus terminal . .. .....154
. Head large, overlapping thorax; abdomen small, not evidently
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segmented; eyes present; antennz in grooves, the last joint

with apical arista. (Thaumatéxena (Fig. 673), Eur. Afr.).

THAUMATOXENIDE

Head not overlapping thorax . . - .155
Antenne consisting apparently of one globular ]Olnt more or less
sunk in cavities on the head, arista long and thin, bare or pu-

bescent, three-jointed; legs, especially hind pair, robust and

compressed : mostly myrmecophilous or termitophilous females.

(See couplet 54). (Puliciphora, Chonocéphalus, widespr.;

Plat§phora (= Znigmatias = Oniscomyia), holarc.; Acontis-

téptera (Fig. 674), Commobptera, Ecitomyia, Adeloptero-

myia, neotrop.; Psyllomyia, ZAEnigmatistes, ZAEnigmato-

peeus, ethiop.). (STETHOPATHID.E) .. PHORIDZE, part

Antennz two- or three-jointed; legs never compressed . .. ... 156
Coxe not separated by sternum; abdomen segmented; not para-
sitic on warm-blooded animals or on the honey-bee. .. .. ... 157

Coxe separated by sternum; segmentation of abdomen some-
times obscure; parasitic on birds, mammals, or on the hive-

bee . . o . 168
No frontal lunule or suture 1mmedlately over antennae thlrd
antennal joint more or less tapering............. .158

A (1-shaped frontal suture over the antennae thlrd antennal joint
more or less ovate, with dorsal arista; palpi at most one-
jointed . .......... [ 159

Arista or style usually terminal, if dorsal (Thinodromia) the body
is heavily gray pollinose. (See couplet 58). (Ariasélla, Dus-
metina, Pieltinia, S. Europe; Thinodrémia, maritime,
Pacific Coast of N. Am.) .............. EMPIDIDE, part

Arista dorsal, body metallic (Emperoptera), or brown (Scheno-

- philus). (See couplet 58). (Emperoptera (Fig. 675), Hawaii;
Scheendphilus, Antarctic) ... .. DOLICHOPODID.E, part

Hind metatarsi shorter than following joint. (See couplet 116).
(Aptilotus, holarc.; Apterina, palwarc.; Antrops, Anata-
lanta, Siphlépteryx, Antarct.) ... .. .. BORBORIDZE, part

Hind metatarsi longer than following joint . ...............160

Mouth-opening large. (See couplet 132). (Amalépteryx,
Chamabésca, Antarc.).............. EPHYDRIDZE, part

Mouth-opening normal. . . ... - . 161

Arista loosely plumose. (gee couplet 136) (Drosophlla, in vestl-
gial-winged or apterous condition).. DROSOPHILIDIE, part

Arista pubescentor bare. .. ...... .. .. o . 162
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Legs stout, woolly pubescent. (Cf. couplet 89). (Pezomyia,
Falkland Isl) . e DRYOM?ZIDE, part
Legs not stout or Woollv pubescent e .163
Mesonotum with well developed brlstles on anterlor por-
tion. .. . . 164
Mesonotum Wlthout strong dorsocentral brlstles e .165

Figs. 673-678. Wingless Diptera

Thaumatoxena (Trigrdh) Thaumatoxenids.
Acontistoptera (Brues), dorsal and side views. Phoridz.
Emperoptera, dorsal view (Grimshaw) Dolichopodide.
Ascodipteron, degenerate female (Adensamer) Streblide.
Anatalanta (Enderlein, Bezzi) Borboride.
Termitoxenia, side view (Bugnion) Termitoxeniide.

Thorax flattened; legs hairy; femora of Icartdion robust and
with heavy spinous bristles beneath. (Cf. couplet 87). (Ape-

ténus, Icaridion, Antarc.). ............ CELOPIDA, part
Thorax convex; legs with bristles. (See couplet 69). (Ccendsia
sp., Antarct.) . ..... ANTHOMYIIDZAE, part
Legs lengthened and slender (Cf couplet 82). (Ca,lycopt.eryx,
Antare.) . e MICROPEZIDZE, part

Legsnotelongate..................................... 166
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Head without bristles, ocellar triangle large. (See couplet 125).
(Alémbus, Afr.; Myrmecomoérpha, Eur.).
CHLOROPIDZ, part
Head with vertical and frontal bristles, ocellar triangle notlarge. 167
Wings developing normally, but breaking off at base. (See coup-
let 137). (Carnus (=Cenchridobia), Eur.).. .. CARNIDE, part
Wings reduced, not dehiscent. (Cf. couplet 124). (Penguistus,
Chile) . ..o OPOMYZIDZE
Mesonotum short and resembling abdominal segments, no scutel-
lum; parasitic on the honey bee. (See couplet 138). (Bratla

(Fig. 662), coSMOP.) v o' it iiiieeeeen.n. BRAULIDAE
Thorax distinct from abdomen, scutellum developed; parasitic
onbirdsormammals. .................... . ... ... ... 169

Head small, movable, thrown back into a groove of the thorax;
thorax incompletely chitinized; completely apterous. Bat
parasites. (See couplet 139). (Basilia, Nycteribia (Fig. 663),
Penicillidia, widespr.; Cyclopddia, Eucampsipoda, Ind.,

ethiop.) ..... ..o i NYCTERIBIIDE
Head not folding back on the thorax; mesonotum completely
chitinized . .. .. ... . 170

Head fitting into an emargination of the thorax; palpi forming a
sheath for proboscis; eyes more or less reduced, oval or round;
antennz set in grooves. (See couplet 140). (Lipopténa (wings
developing normally, but dehiscent at base), widespr.; Melé-
phagus (M ovinus, Sheep-tick), cosmop.; Allobosca,, Mada-
gasc.) . . HIPPOBOSCIDE, part

Head w1th a ﬂeshv movable neck palpl broad, projecting; eyes
wanting or vestigial. (See couplet 140). Bat parasites. (Asco-
dipteron, male, wings normal but dehiscent at base. (See
couplet 142 for female), widespr.; Aspidéptera, Megistépoda,
Metelasmus, Paradyschiria, Pterellipsis).

STREBLIDZ, part

KEY TO THE LARVAE OF THE PRINCIPAL
FAMILIES OF DIPTERA!

Head complete (Figs. 679-704), or the posterior portion with deep

longitudinal incisions; mandibles moving horizontally, fitted
for chewing; more than three larval stages: body consisting of

1 Based on Malloch: Bull. Ill. State Lab. Nat. Hist., 12, art. 3 (1917).
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thirteen segments in addition to head; with nine pairs of spir-
acles. (NEMATOCERA) . e
Head incomplete, without a stroncrly developed upper arcuate
plate (Figs. 705-737); mandibles moving vertically, mouth-
parts essentially sucking: body comprising fewer than thirteen
segments and only exceptionally with as many as nine pairs of
spiracles. (BRACHYCERA) ...............cooiiiiiii .. 2
2. Mandibles normally sickle-shaped, not protruding much beyond
apices of the well-developed maxillee, often much shorter, maxil-
lary palpi distinet (Fig. 686); antenne well developed, situated
on the upper surface of a slightly arcuate chitinized dorsal plate;
no free pharyngeal skeleton within the head capsule, the exo-
skeleton of the head at least dorsally indicated. (ORTHOR-
RHAPHA) . ..o e 25
Mandibles short and hook-like, usually capable of protrusion much
beyond the poorly developed maxillee, palpi rarely visible; an-
tennee poorly developed or absent, when present situated on a
membranous surface; a free pharyngeal skeleton present; head
very poorly developed, completely unchitinized dorsally.
(CYCLORRHAPHA) . .. ...t 38
3. Head incomplete, consisting of two parts, the anterior more or less
chitinized above, the posterior unchitinized and bearing the
eye spots; thorax and abdomen comprising thirteen segments;
usually with a ““ wishbone ” or chitin plate on under side of
" second thoracic segment, at least in mature larvee; larvee peri-
pneustic, 7.e. with series of lateral spiracles; mandibles appar-
ently absent; antennez long, two- or three-jointed. Usually
feeding on plant sap, many larvae gall makers, some feed on
aphids, scale insects, mites, etc. Very small insects. (Fig. 679,
Retinodiplosis) ...................... CECIDOMYIIDE
Without such combination of characters.................... 4
4. Abdominal segments with deep constrictions between them (Fig.
682), venter with series of sucking disks. Clinging to rocks in

swift-running streams. .. .......... .. ...l 5
Abdomen without a series of large sucking disks for attachment to
rocks in swift-running water . e ceeiia... B

5. Ventral sucking disks median, one on the anterlor complex seg-
ment and usually one on each of the five following segments;
head, thorax and first two abdominal segments fused to form a
rather small first segment; mandibles three-toothed. (Fig. 682,
Bibiocéphala) .................. BLEPHAROCERATIDE
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Ventral sucking disks lateral, placed on the prolongations of the
abdominal segments; thoracic segments distinct; mandibles
deeply incised, the outer arm fringed with a comb of long teeth.

DEUTEROPHLEBIIDE

6. Head incomplete behind, either with three deep wedge-shaped
slits, two on dorsum and one on ventral side (Fig. 685), or the
ventral surface very poorly chitinized and the dorsal poste-
riorly in the form of four slender heavily chitinized rods, with a
weakly chitinized divided plate on anterior half of dorsum. .7

Head capsule complete, 1.e. at least bounded above behind and

not divided into plates or rods; mandibles opposed. .. ....... 8
7. End of abdomen with six radiating protuberances; body with
regularly placed bristles; head heavily chitinized, dorsally
slightly arcuate and with two longitudinal slits, ventrally
rounded and with a central slit; antenne longer than maxillary
palpi; labium pointed, not divided into two parts, the an-
terior margin dentate; mandibles very stout, with two apical
teeth. Larvee in damp soil, feeding on roots, or as scavengers,
sometimes in water. Larvee of Tipula, etc., known as Leather-
jackets. (Fig. 995, Tipula) .................. TIPULIDE

End of abdomen with at most five radiating processes as well as
single or double breathing tubes; if six apical processes are pres-
ent the labium is subdivided centrally; body usually without
regularly placed bristles, frequently with dense surface pil-
osity; head more or less retracted, sometimes weakly chitinized
and without distinet labium; antenns sometimes short and
slender and not as long as maxillary lobe; mandibles never with
only two teeth. Mostly aquatic, or living in wet ground, some-
times carnivorous, some species are terrestrial and green from
feeding on leaves. (Figs. 683, 685, Limonia; Fig. 684, Di-
Crandta) ................iiiiiii... LIMONIIDE

8. The three thoracic segments fused to form a complex more or less
dilated mass (Fig. 987); head freely movable, chitinized, at
least in mature larvee with faceted eyes; eighth abdominal
segment typically with a stout protruding breathing tube,
ninth segment with four anal gill-flaps and with a brush of
hairs. Aquatic, free-swimming or suspended. (Fig. 680, Say-
omyia; Fig. 987, Cuilex) .................... CULICID A&

The three thoracic segments separate. .. ..................... 9

9. A many-toothed chitinized mentum or labial plate (Fig. 694)
present on the underside of the head, which is divided into sub-
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mentum and mentum in primitive forms; larvee peripneustic
only in the aquatic Simuliidee where the spiracles are vestigial . 10
Mentum more or less reduced or completely wanting, at most
three-dentate in the terrestrial and peripneustic Bibionidee;
lateral plates of head capsule usually connected ventrally be-
hind by a chitinous bridge. .................. e 16

T B

Figs. 679-689. Nematocerous Larvae

679. Retinodiplosis, side view (Malloch) Cecidomyiidz.
680. Sayomyia, side view (Malloch) Culicidz.

681. Dixa, side view (Malloch) Dixide.

682. Bibiocephala, dorsal view (Malloch) Blepharoceratidee.
683. Limonia, side view (Malloch) Limoniids.

684. Dicranota, side view (Malloch) Limoniidz.

685. Limonia, head capsule (Malloch) Limoniide.

686. Dixa, anterior extremity (Malloch) Dixidze.

687. Bittacomorpha, side view (Hart) Ptychopteride.
688. Psychoda, dorsal view (Malloch) Psychodids.

689. Psychoda, dorsal view (Malloch) Psychodidee.

10. Posterior portion of abdomen swollen (Fig. 985), the last segment
ventrally armed with a sucking disk which bears concentric
series of bristles by means of which the larve hold on to rocks
in the swiftly running streams in which they live; mouth on
‘each side with a large jointed maxilla which bears a fan-like
arrangement of long hairs; thorax with a pair of closely fused
pseudopods; minute spiracles opening on all abdominal seg-
ments, i.e. larvee peripneustic. (Fig. 985, Simuilium).

SIMULIIDZE
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Body not club-shaped and fitted with terminal sucking disk, nor
with large fan-like oral appendages (in Dixide the maxille
bear a small fan); larvee metapneustic, with only the last pair of
spiracles, or amphipneustic, with only the first and last pairs. . 11

11. First and second abdominal segments each dorsally with two
wart-like elevations resembling pseudopods (Fig. 681), the .
apices of which are armed with many small hook-like setz;
behind the posterior spiracles two pairs of fringed processes
and a terminal bristly tube: occurring in cold streams. (Figs.

681, 686, DIXA) . .. ....oetitii e DIXIDAE
First and second abdominal segments without dorsal elevated
PTOCESSES . .. . et e et e e e e e e e e e e 12

12. Last abdominal segments retractile, terminating in a long slender
respiratory tube, ventral pseudopods present and equipped
with bristles: aquatic larvee. (Fig. 687, Bittacomérpha,).

PTYCHOPTERIDE
Abdomen not terminating in a long thin bare respiratory tube. .13

13. Thorax and abdomen with a secondary segmentation (Figs. 688,
689) due to the presence of narrow transverse chitinized bands,
three bands on most of the segments, or the apical segment in
the form of a short chitinized tube; rarely the ventral segments
bear a central series of sucker-like disks; body tapering at each
end. Occurring in sewage, dung, fungi and tree-holes. (Figs.
688, 689, Psychéda) .................... PSYCHODIDZE

Dorsum without narrow strap-like bands, apical segment not in
the form of a short chitinized tube; ventral abdominal seg-
ments never with sucking disks. ......................... 14

14. Mentum projecting, with chitinized cutting edge; labrum mov-
able; four finger-like anal gills; head capsule with peculiar
pointed processes; penultimate segment dorsolaterally humped;
prothorax with leg-stumps. Living in woods, on damp rocks;
1 THAUMALEID&E

Mentum not projecting in the form of a cutter; labrum fixed. .15

15. Either very slender, tapering toward each end, without thoracic
or anal pseudopods or surface hairs (Fig. 691), or stouter, with
well defined segments which are armed with strong bristles,
some of which are lanceolate (Fig. 692); one pair of prothoracic
pseudopods present, a single anal pseudopod present or not.
Terrestrial, living in manure or under bark, etc., or in water.
(Fig. 692, Forcipomyia; Fig. 691, Palpomyia).

CERATOPOGONIDAE
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Usually cylindrical (Figs. 690, 693, 695) rarely with thoracic seg-
ments swollen; without distinct body bristles but often with
soft hairs, the last segment usually with a dorsal tuft of hairs;
pseudopods usually present, one pair each on prothorax and
anal segment. Mostly aquatic, living in sand-tubes (Blood-
worms), some marine, rarely terrestrial. (Fig. 695, Campto-
cladius; Fig. 690, Chirénomus; Fig. 694, Proténthes; Fig.
693, TANYPUS) . .. oo oo e CHIRONOMIDZE

690.
691.
692.
693.
694.
695.

16.

17.

4 695 : >

Figs. 690-695. Nematocerous Diptera, Larvae

Chironomus, side view (Malloch) Chironomidze.
Palpomyia, side view (Malloch) Ceratopogonidz.
Forcipomyia, side view (Malloch) Ceratopogonids.
Tanypus, side view (Brues) Chironomidz.

Protenthes, ventral view of head (Malloch) Chironomids.
Camptocladius, side view (Malloch) Chironomids.

Larvee peripneustic, 7.e. most abdominal segments with spir-
aCles . .. 17
Larvee amphipneustic, 7.e. only first and last pairs of spiracles
present, or metapneustic, 4.c. only the posterior pair of spiracles
remaining; or thoracic and abdominal spiracles not evident. .22
Antenn# elongate; body furnished with some conspicuous bristles
orhairs . ... e 18
Antenne usually short and inconspicuous, sometimes apparently
absent; body without conspicuous bristles; principally inhab-
itingfungl . ... L. 19
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18. Anal spiracles at the apices of long stalk-like process (Fig. 704);
no false segment immediately behind the head. Living in de-
caying vegetation, rotting fruits, excrement, or under old bark.
(Fig. 704, Scatépse) .................... SCATOPSID &

Anal spiracles sessile, metathoracic spiracles present; a fully de-
veloped false segment behind the head armed dorsally with
spinose processes (Fig. 696). Larve principally scavengers living
in soil, sometimes prevalent about dung, sometimes destructive
to root crops. (Fig. 696, Bibio) ............ BIBIONID &

19. Dorsal or clypeal sclerite of head (preefrons) not distinctly taper-
ing behind; antenna two-jointed . ...... BOLITOPHILIDE

Dorsal or clypeal sclerite of head conspicuously tapering pos-
teriorly; antenne almost indistinguishable. .. ............. 20

20. Lateral plates of head meeting on ventral line only for a short
space immediately behind the mouth-opening, then widely
diverging and not connected at posterior margin; maxillee and
mandibles apparently grown together to form a pair of many-
toothed rasping organs. (Fig. 698, Exéchia; Fig. 701, Léia).

. MYCETOPHILIDAE

Lateral plates of head connected for a short space behind the
mouth-opening and again near posterior margin; maxillee and
mandibles distinctly separated from each other, the mandibles
apically tridentate. ............ ... ... . .. 21

21. Clypeal sclerite reaching back to the occipital margin of the head-
capsule; body segmentation distinct, especially on venter where
the outline is moniliform; armed with spines which have two
or three points ......................... DITOMYIIDE

Clypeal sclerite shorter, not attaining the occipital margin of the
head-capsule; segmentation distinct but not moniliform; spines
simple. Living in soil, essentially as scavengers. (Fig. 703,
Seiara) ... .. SCIARIDZE

22. Clypeal sclerite (preefrons) tapering behind to a point; head free,
body flattened, each abdominal segment with secondary in-
cisures, last segment with four fleshy lobes surrounding the
spiracles. Living in humus soil and under leaves. (Fig. 699,
Trichécera) ...................... TRICHOCERATIDE

Clypeal sclerite not tapering behind to a point............... 23

23. Antenne undeveloped, appearing as pale round spots on sides of
head; ventral surface of head with sclerites contiguous an-
teriorly, widely separated posteriorly. Living in slimy webs on
fungi. (Fig. 702, Ceréplatus) ............ CEROPLATIDZE
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Antenne pedunculate, usually well developed; ventral surface of
head with sclerites contiguous on entire length, not separated
widely posteriorly; body slender, tapering, abdominal segments
each with a single constriction near anterior margin

24. Apical segment with five short but distinct processes around the
spiracular disk; mandibles apically rounded and furnished with

) FAENIR
@
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Figs. 696-704. Nematocerous Diptera, Larve

. Bibio, side view (Malloch) Bibionidse.

. Mycetobia, side view (Malloch) Mycetobiidze.

. Exechia, side view (Malloch) Mycetophilidee.

. Trichocera, dorsal view (Malloch) Trichoceratide.

. Anisopus, head (Malloch) Anisopodide.

. Leia, head (Malloch) Mycetophilide.

. Ceroplatus, head, ventral view (Malloch) Ceroplatidee.
. Sciara, head, ventral view (Malloch) Sciaride.

. Scatopse, dorsal view (Malloch) Scatopsidee.

dense rows of long bristles; the thin ventral chitinous bridge
posteriorly connecting the lateral plates not broken. Scaven-
gers, occurring in decaying vegetable matter, manure, and
sometimes in sewage. (Fig. 700, Anisopus)
ANISOPODIDE
Apical segment with minute processes around the spiracular disk;
mandibles apically tridentate; the thin chitinous ventral bridge
extending posteriorly between the lateral plates interrupted in
the middle. Occurring in sap flow of trees. (Fig. 697, Myce-
MYCETOBIIDZE.
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Brachycera Orthorrhapha

Posterior spiracles approximated, situated within a terminal or
subterminal cleft or chamber, usually concealed, or with a
terminal breathing tube; body usually shagreened or wholly
or in part longitudinally striated. ........................ 26

Posterior spiracles rather widely separated, visible, situated on
apical segment, which may be truncated, chitinized, or armed
with apical processes, or upon penultimate or antepenulti-
mate segment; body not shagreened or visibly striated. .. ... 28

Head not retractile, bristly, body 11-segmented, flattened, surface
finely shagreened, without pseudopods; spiracular fissure trans-
verse, sometimes rather small; pupe enclosed in larval skin. .27

Head retractile; body 12-segmented, cylindrical, not shagreened,
usually longitudinally striated, abdomen with a girdle of pseu-
dopods on each segment; spiracular fissure vertical; pupe free.
Usually aquatic, or semiaquatic; predaceous. .. TABANIDZE

Peripneustic, 7.e. with lateral abdominal spiracles on most seg-
ments. Aquatic, or living in semiliquid matter, under bark, in
manure, or on rotting vegetation. (Fig. 705, Stratiomyia;
Fig. 706, Hermatia). . e STRATIOMYIIDAE

Amphipneustic, 7.e. only prothoramc and last abdominal spiracles
present. Living under bark. (Fig. 707, Xylomyia).

XYLOMYIIDE

Posterior spiracles situated on apical segment. ...............29
Posterior spiracles situated on penultimate or antepenultimate
segment. . .. R . 34

. Projecting portlon of head and the ﬂattened aplcal plate of last

abdominal segment heavily chitinized, the former cone-shaped,
entirely closed except at extreme apex, not retractile; apical
abdominal segment obliquely truncate and with projecting
processes . .. . . 30
Projecting portlon of head more or less retractlle, not pomted
cone-shaped, the movable parts not enclosed; last abdominal
segment without a heavily chitinized flattened terminal plate. 31
Head about twice as long as its greatest width; thoracic segments
not chitinized above, each with two internal separated chitin-
ized plates; body without long hairs; apical plate very large;
spiracles vertically elongated, apical paired protuberances
small, widely separated, each with a short hair on inner side.

Living in soil or decaying wood. (Fig. 711, Ceenomyia).
CENOMYIIDE
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Head at least three times as long as its greatest width; at least
the first and second thoracic segments chitinized above, no
internal chitinized plates present; body with a number of long
hairs, four of which in a vertical series on each abdominal seg-
ment are very noticeable; apical plate rather small, spiracles
rounded, apical paired protuberances large, fused basally, each
with a number of rather long hairs. Living under bark or in
soil. (Fig. 708, Xyléphagus) ............ XYLOPHAGIDAE

705.
706.
707.

708.
709.
710.

31.

32.

Figs. 705-710. Orthorrhaphous Diptera, Larve

Stratiomyia, dorsal view (Johannsen) Stratiomyiidz.

Hermetia, dorsal view (Malloch) Stratiomyiide.

Xylomyia, emergence showing withdrawal of pupa from puparium
(Greene) Xylomyiide.

Xylophagus, dorsal view (Greene) Xylophagidsee.

Aphrosylus, side view (Wheeler) Dolichopodidz.

Dolichopus, side view (Malloch) Dolichopodidze.

Posterior spiracles widely separated, located in an apical trans-
verse cleft; head very small, retractile; mature larve stout, cy-
lindrical, bare, dorsally with three oval swellings and ventrally
with a transverse creeping pad on each segment. Endopara-
siticin beetles. . ....................... NEMESTRINIDZE

Spiracles not located in an apical transverse cleft. ............ 32

Labial plate and rods behind it flat in one plane, or wanting, or
fused with thecapsule. .......... ... ... ... . ... ... 33

Labial plates and rods meeting angularly, grown together in front
V-like, in profile appearing bent and usually united behind with
the tentorial rods; head mostly membranous, even above to the
‘triangular dorsal plate; usually amphipneustic. Predatory,
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34.

. 35.
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mostly living in moist earth, some aquatic, some under bark,
some in decaying vegetable matter.
Fig. 713, Drapetis . ......................... EMPIDIDE
Fig. 709, Aphrosjlus; Fig. 710, Dolichopus.
DOLICHOPODIDZE
Head capsule long, in large part internal, reaching back to the
mesothorax, dorsal plate very long, pear-shaped, broader be-
hind; hind spiracles ending separately in two plates or tracheal
gills. (Fig. 716, Athérix; Figs. 712 and 717, Chrysopila).
RHAGIONID&E
Head capsule short, the dorsal plate not covering the part inset in
the thorax, the internal part flat or divided into rods; apical
abdominal segment without projecting processes, the spiracles
very small; endoparasites of spiders . ... ACROCERATIDE
Posterior spiracles situated on the antepenultimate segment, ab-
dominal segments one to six subdivided, the body apparently
consisting of twenty segments exclusive of the head; head free,
slightly longer than broad and not set into the thorax. .. ... 35
Posterior spiracles situated on penultimate segment; abdominal
segments simple, the body apparently consisting of eleven or
twelve segments exclusive of the head. ................... 36
Posterior dorsal internal extension of head (z.e. the two fused
metacephalic rods lying in prothorax and mesothorax) spatu-
late at apex; ventral posterior projections in the form of two
short chitinized rods. Living in soil and decaying wood, preda-
tory, locomotion serpentine, assisted by the mouthparts. (Fig.
718, Psilocéphala) ........ .. THEREVIDE
Posterior dorsal internal extens10n of head not spatulate at apex;
ventral posterior prO]eCthIlS absent. Found in fungi, rotten
wood and in houses, in carpets and furniture; predatory.
SCENOPINIDE’
Penultimate abdominal segment longer than the ultimate, with a
deep transverse depression near its apex giving it the appearance
of two distinct segments; ultimate segment terminating in a
sharp ridge with a median sharp point, on each side of which
dorsally and ventrally are situated four very closely approxi-
mated hairs similar to those of Asilidee. Living in decaying
wood, predatory on beetle grubs. (Fig. 715, Mydas).
MYDAIDE
Penultimate abdominal segment shorter than ultimate, or if longer
without a deep transverse depression; apical segment not as
above, the hairs not closely approximated................ 37
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37. Thoracic segments each with two long hairs, one on each side on

711.
712.
713.

714.
715.
716.
717.
718.
719.

ventro-lateral margin; apical segment with six or eight long
hairs; head well developed, porrect and more or less cone-
shaped when viewed from above, appearing flattened when
viewed from the side; penultimate segment usually shorter than
- ultimate or not much longer; body held straight. Living in soil
and decaying wood, predaceous. (Fig. 719, Prémachus).
ASILIDE

714
Figs. 711-719. Orthorrhaphous Diptera, Larvee

Ceenomyia, cephalopharyngeal skeleton (Malloch) Ceenomyiidee.

Chrysopila, cephalopharyngeal skeleton (Malloch) Rhagionidz.

Drapetis, internal skeleton (Malloch): ant, antenna; lbr, labrum;
md, mandible; mx, maxilla; mxp, maxillary palpus. Empidide.

Sparnopolius, side view (Malloch) Bombyliidz.

Mydas, dorsal view (Malloch) Mydaidze.

Atherix, side view (Greene) Rhagionide.

Chrysopila, side view (Malloch) Rhagionide.

Psilocephala, side view (Malloch) Therevide.

Promachus, side view (Malloch) Asilidz.

Thoracic segments without hairs, or with very weak hairs; apical
segment without distinguishable hairs; head not much pro-
truded, directed downward, not cone-shaped, with a dorsal
protuberance when viewed from the side; penultimate segment
distinctly longer than ultimate; body usually semicircularly
curled at rest. Parasites, inquilines or predators, in nests of
bees and wasps, egg-cases of grasshoppers, etc. (Fig. 714,
Sparnopdlius) ...................:...... BOMBYLIIDAE
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Cyclorrhapha

38. Maxillee and palpi present, near the very small bent mandibles;
body comprising only nine distinct segments, the head and pro-
thoracic and the metathoracic and first abdominal segments
appearing grown together; much flattened, seed-like, scarcely
twice as long as broad; head bearing underneath on each side
a triangular flap, retractile into the thorax; frontal sac opening
directly into the upper surface of the head; incisures chitinized
above, side margins with many incisions, venter membranous,
apical segment with two filiform appendages. Living in mud
and about decaying organic matter. (Fig. 723, Lonchéptera).

LONCHOPTERIDAE
Maxillz not developed, only the mouth-hooks present; frontal sac
opening in an atrium in the mouth cavity. . e .39

39. Upper lip projecting forward between and below the two mouth-
hooks, distally hooked or toothed, the mouth-hooks porrect,
single-pointed or more often toothed; body with eleven in-
cisures, lengthened, anteriorly tapering, posteriorly blunt or
the eighth abdominal segment tube-like; metapneustic, t.e.
terminal spiracles alone present. Living in many situations, in
dung, carrion, ant nests, etc. ................ PHORIDE

Mentum never extending between the two mouth-hooks as a point
or hook except in Aphis-eating Syrphide, in which case the
lateral rods of the mentum are produced forward over the
mentum and fuse to form a projecting pointed upper lip; mostly
amphipneustic, 7.e. anterior pair as well as terminal spiracles
present . .. ... e .40

40. Larva broad and depressed in dorsal aspect appearlng to have
only nine or ten segments because the head and prothorax are
inflexed to the under surface, the sides of the body with long
projecting bristles and sometimes deeply incised and serrate;
posterior spiracles not or but little prominent, rather widely
separated, placed at the base of the last segment, prothoracic
spiracles prominent. Developing in fungi. (Fig. 721, Calli-
myia) ................................ PLATYPEZIDE

Of other conf01 matlon . e .41

41. Hind spiracles three- or four-parted separate from each other
on a common chitin plate some distance before the tip of the
body; acephalous, mouthparts very indistinct, the mouth-hooks
sessile; body comprising ten or eleven segments. Endoparasitic
on Homoptera. (Fig. 722, Piptnculus) . . PIPUNCULIDZE




BRUES AND MELANDER: CLASSIFICATION OF INSECTS 365

If the posterior spiracles are located on a common chitin plate
they are contiguous to eachother........................ 42

42. Posterior spiracles close together at the end of a tracheal tube of
greater or less length, which is sometimes chitinized and some-

times greatly extensile; mouthparts. various, absent in “ rat-

tail ” larve (Fig. 725), developed in the species living in wood,

and in the ““ Aphis-lions ”’ (Syrphus, etc.) the mouthparts are

Figs. 720-725. Aschizous Diptera, Larvee
720. Syrphus, dorsal view (Metcalf) Syrphidee.
721. Callimyia, dorsal view (de Meijere) Platypezidze.
722. Pipunculus, dorsal view (Perkins) Pipunculidee.
723. Lonchoptera, dorsal view (de Meijere) Lonchopteridze.
724. Conops (Brauer) Conopidee.
725. Eristalis, side view (Metcalf) Syrphidze.

specialized into piercing organs; larvae apparently acephalous,
body with about eleven obscure segments, skin usually rough,
form diverse, conical, more or less cylindrical, even hemi-
spherical. Food habits various, under bark, in tuber-roots,
about sewage, in ant or bee nests, or free-living and preying on
aphids. (Fig. 720, S§rphus; Fig. 725, Eristalis).
SYRPHIDAE
Acephalous, true maggots, usually conically tapering (Figs. 728—
737), sometimes stout warbles (Fig. 727). (The vast residue of
the Diptera are insufficiently known to tabulate as to families,
the following incomplete artificial key being largely based on
food habits). (MUSCOIDEA). .........couovineenn... 43
43. Endoparasites of insects or higher animals. .................. 44
Notparasitic .............cooii i iiienan......50
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Para