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PREFACE
D. M. Wooo

Volumes I and 2 of the Mqnual of Nearctic Diptera
were concerned with the anatomy, terminology, and iden-
tification of all the known families and genera of two-
winged flies from America north of Mexico. This third
volume, dedicated to the late Willi Hennig (1913 1976)
(for obituary see Schlee 1978), explains the rationale
underlying the classification that was adopted in Volumes
1 and 2, using the methodology of phylogenetic systemat-
ics developed by Hennig (1950, 1965, 1966) and based
largely on his most recent phylogenetic treatment of the
order (Hennig 1973). The subject matter of Volume 3

was originally intended to appear as a single chapter on
the phylogeny of Diptera, to be written by Hennig him-
self. However, his manuscript was only in draft at the
time of his death and the editors were reluctant to make
the required changes and additions without his permis-
sion. Since then, many new facts and ideas have accumu-
lated, which have necessitated an entire volume devoted
to this subject. A few of these ideas do not entirely corre-
spond to the most recent opinions of Hennig, and some of
them are not even in comolete accordance with the classi-
fication that we, ourselves, utilized in Volumes I and 2.
We make no apologies for these changes because classifi-
cation is not static but is subject to revisions that result
from new information or interpretation.

Volume 3 comprises three chapters, each to a consider-
able degree independent of the other two. In all three,
however, cladistic methodology is used; monophyletic
Iaxa are identified by their shared, derived character
states, or evolutionary novelties (synapomorphies), and
these derived states are recognized by outgroup compari-
son, i.e. by their absence in other taxa. Different synapo-
morphies are used to group two monophyletic taxa (sister
groups) into larger monophyletic taxa of higher rank
(Hennig 1966, Wiley l98l). Chapter 114 presents a phy-
logenetic interpretation of the infraorders in the suborder
Nematocera as well as a discussion of the sister group of
the Diptera. In Chapter I 1 5, the groups of the suborder
Brachycera formerly called "Orthorrhapha" (Tabano-
morpha and Asilomorpha of Volume 1) are treated. The
remainder of the Brachycera (the cyclorrhaphous
Brachycera, formerly called "Cyclorrhapha"), compris-
ing the Muscomorpha of Volumes I and 2, which includes
those Diptera that pupate entirely enclosed by the physi-
cally and chemically modified, last larval cuticle, are
dealt with in Chapter I 16.

Dipterists are in general agreement that the order Dip-
tera, the suborder Brachycera (Chs. 115, 116), and the
Muscomorpha (Ch. 116) are each a demonstrably mono-
phyletic group, i.e. a taxon containing all the descendants
of a common ancestor recognized as such by shared de-
rived traits or synapomorphies. The same is probably not

true, however, of the Nematocera (Ch. I 14) or of the taxa
covered in Chapter 115. Each cf these taxa is probably
paraphyletic, i.e. it does not contain all the descendants of
its common ancestor. The Nematocera is considered to be
paraphyletic because the ancesl.or of the Brachycera is

presumed to have, as its sister group, some part of the
Nematocera, not the Nematocera as a whole. Unfortu-
nately, general agreement, as to which part is that sister
group, has not been reached, although this topic is dis-
cussed in Chapter 1 15. The sister group of the Muscomor-
pha is even more contentious; the authors of Chapters I 15

and I 1 6 present different hypoth xes of this difficult prob-
lem. Both ofthese hypotheses differ from others advanced
elsewhere (Griffiths l9l2,Hackrnan and Viiisiinen 1982).
These discrepancies arise in parl from differing interpre-
tations of sister-group relationships between the Musco-
morpha and the Asiloidea and Empidoidea (the Asilo-
morpha of Vol. l). Such is the, nature of phylogenetic
interpretation, which depends entirely on, and can be no
better than, a correct interpretation of homology.

... there is no simple and absolutely dependable
criterion for deciding whelher corresponding
characters in dffirent species qre based in synap-
omorphy. Rather it is a very complex process oJ
conclusions by which, in each individual case,
"synapomorphy" is shown to be the most proba-
ble assumption. [Hennig1966: l28l

The term Muscomorpha is also used in this volume in
two different senses because of clifferent hypotheses of its
origins. In Chapter 116, McAlpine uses Muscomorpha, as

in Volumes 7 and 2, to refer to the cyclorrhaphous
Brachycera. Woodley, in Chapt,;r 115, has expanded the
concept of Muscomorpha to include the cyclorrhaphous
Brachycera plus the Asilomorpha sensa Volume l. For
the equivalent of the infraorder Muscomorpha sensu
McAlpine, i.e. the cyclorrhaphous Brachycera alone,
Woodley uses the superfamily Muscoidea.

Although the views expressed in Volume 3 are not en-

tirely consistent with those of Hennig, they are based
largely on his last classification of the order (Hennig
1973), and they owe much to discussions between Hennig
and the editors of the Manual during a series of work-
shops on the subject held in C)ttawa in 196'7 (Hennig
1969). It is safe to say that no on,3 has contributed more to
an understanding of the phylogenetic relationships of
Diptera than has Hennig; yet he, himself, was the first to
recognize the preliminary nature of some aspects of his
phylogenetic proposals and to m,rdify his views as new in-
formation became available. He decried the insulliciency
of reliable data on many aspects of dipteran morphology,
which forced him, at times, to place much faith on details



of wing venation. We hope that the wealth of new data
introduced in Volume 3 and in Volumes I and 2 will par-
tially alleviate this problem.

Acknowledgment is made here to G. W. Byers, D. A.
Craig, J. F. Cumming, and N. P. Kristensen for their
helpful comments on Chapter 114; to Ralph ldema, who
continued the tradition of Volumes I and 2 by illustrating

larval labral structures (Figs. I 14.3 1 l); to Bruce Cooper
and Barbara Bissett, who attended to the labeling; to
Barry Flahey, who prepared the cover illustration, the
frontispiece, and all the cladograms; and to Sharon M.
Rudnitski and Jane T. Buckley, Research Program Ser-
vice, Agriculture Canada, for editing Volume 3; and to all
other members of the Centre who assisted in the prepara-
tion of Volume 3.
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PHYLOGENY AND CLASSIFICATION OF THE
N EMATOCERA 114
D. M. Wooo aNn A. BonrnNr

It is inconceivable that, rightly understood, the
evidence as to ancestry provided by the larvae
should be in confiict with that given by the adult
forms. llhere such appears to be the case, it can
only be due to a mis-reading of the facts.
IEdwards 1926:112]

INTRODUCTION

One of the primary goals of systematics is to provide a
phylogenetic interpretation ofthe group under study. Our
consideration of the features of Nematocera has provided
a basis for such an interpretation.

In this chapter we discuss the origins (sister groups) of
the Nematocera and the evolutionary relationships
between infraorders and families. From our hypotheses
we go on to suggest a classification for these families.

Most attempts at understanding relationships between
various groups of Nematocera have been based on a sub-
jective assessment of the degree of similarity or difference
shown by their constituent members. Not only has this
approach generated diverse schemes and futile, untest-
able arguments throughout the literature on Nematocera,
but the assumption itself, namely that similarities or dif-
ferences may be trusted as reliable indicators of relation-
ship, has been shown to be false.

Edwards noted, as early as 1926,that phylogenetic in-
terpretation of Diptera was often confused because simi-
larities between taxa could be due to different causes and
authors often failed to distinguish between them. He rec-
ognized the following sources of similarity: convergence
of an acquired character; convergence through character
loss; and homologous characters. Further, he distin-
guished, among homologous characters, between "ar-
chaic" character states, which are similarities that arose
far back in the ancestry of the organism, and "new" char-
acter states, or evolutionary novelties. These concepts
and, most important, the methodology used in distin-
guishing between archaic and new character states were
not clearly understood until the works of Hennig (1950,
1965, 1966). In our analysis, we have adopted Hennig's
methodology of cladistics, grouping taxa only on the basis
of shared evolutionary novelties (synapomorphies) as

identified by outgroup comparison, i.e. these novelties do
not occur in other taxa. We use the term synapomorphy,
with reference to the members of a taxon. as "a homolo-
gous character (state) found in two or more taxa that is

hypothesized to have arisen in the ancestral species of
these taxa and no earlier" (Wiley 1981). It is, thus, an

indicator of a monophyletic group. A monophyletic group
is one we "believe contains all known descendents of a sin-
gle stem-species" (Hennig 1981). Although some authors
use the term autapomorphy for the same concept, and
Wiley (1981) defines it as a character evolved in a single
species, we use autapomorphy in a special sense to refer to
a synapomorphy, which, althoulgh important in recogniz-
ing a monophyletic group, is of rLo value in determining its
sister group because it is lacking in all other taxa.

Similarities owing to ancient ancestry (symplesio-
morphies), which are now almorit universally regarded as

of no value in establishing relationships, are rejected.
Differences between taxa (resulting from autapo-
morphies), no matter how grea.t, are also discounted as

evidence of lack of relationship. For example, two families
as dissimilar as Blephariceridae and Deuterophlebiidae
are considered, despite their differences, as sister taxa
because they share some apomrlrphies and, thus, appear
to be more closely related to one another than to any other
extant taxon. Eldredge and Cracraft (1980), Wiley
(1981), and other authors discuss cladistic methodology
in further detail.

In practice, phylogenetic analysis of the Nematocera
still rests to a discouraging de1;ree on misinterpreted or
inadequately established homologies and on an insuffi-
cient understanding of most strttctures and their function.
The extant Nematocera are rem arkable for their diversity
of structure, particularly regarding larval mouthparts and
adult terminalia. Coupled with an astonishing degree of
convergence exhibited by many taxa, opportunities for
misinterpretation have been considerable. So many care-
ful, detailed observations remain to be made that many
hypotheses of relationship murit be regarded only as a

provocation for further investigzLtion.

The most recent comprehent;ive phylogenetic analysis
of the Nematocera, within an analysis of the Diptera as a

whole, is that of Hennig (1973). Supplemented by our
own observations, particularly on larvae, and with those
of others published since 1973, Hennig's foundation has
provided us with the basis for ,lur analysis. To a certain
degree we have substantiated Hennig's conclusions,
which he based primarily on evidence from adults, espe-

cially on features of wing venittion. Where our conclu-
sions differ, it is mainly becausr: of our different interpre-
tation of larval character states.

In each section we summarii:e Hennig's (1973) classi-
fication, the data upon which it is based, and any subse-
quent contributions, followed by our own classification.
The analysis of character states provides outgroup com-
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parisons and concludes with a discussion. The data are
summarized in the cladogram of all families.

Our phylogenetic discussion generally lollows a
phyletic sequence (Nelson 1914, Patterson and Rosen
I 977). Phylogenetically older groups are discussed before
younger ones, so that the reader is led from a discussion ol
the sister group of Diptera to what we believe are the
youngest infraorders within the Nematocera. Unfortu-
nately, our understanding of the relationships between
infraorders is still highly speculative and is based on onlv
a few tenuous synapomorphies.

In a few instances (Anisopodidae, Thaumaleidae, Tri-
choceridae, and Tanyderidae), we were not sure which
character states ought to be regarded as synapomorphies
indicating monophyly of those families, although we have
no reason to doubt that they are indeed monophyletic.
This condition can be recognized by lack ofa black square
in the uppermost row in our cladogram (see Fig. I14.2).
In addition, in one instance, the Mycetophilidae, evidence
indicates that this family is probably a paraphyletic
grouping.

Alternatively, we have not included all thc known svn-
apomorphies for some families (e.g. Culicidae) that we
consider to be undoubtedly monophyletic. Both these situ-
ations reflect the emphasis in this chapter on understand-
ing the relationships between families (as recognized by
most workers and in Volume I of this Manual) rather
than the monophyly of each family.

The classification provided in this chapter differs in
some aspects frohr that outlined in Volume I of this Man-
ual. This divergence is a consequence of our continued
investigations, since the original organization of Volume
1 , of data collected during and since that compilation.

HIGHLIGHTS IN THE DEVELOPMENT OF
CLASSIFICATION OF THE NEMATOCERA

Historical background. An historical account of the
development of classification of Diptera was presented by
Lindner (1949:82), preceded by bibliographic sketches of
the early entomologists who contributed works on
Diptera.

Latreille (1802) was the first to recognize that the Dip-
tera could be arranged in two groups based on the struc-
ture of the antenna. In 1817 he formally proposed the
Nemocera (later emended to Nematocera) for those taxa
with antennae composed of many freely articulating fla-
gellomeres. The remaining group, consisting of taxa with
fewer, more compacted flagellomeres, *ai named the
Brachycera by Macquart (1834, as Brachocdres). Brauer
(1863) proposed dividing the Diptera in a quite different
way, into two groups, Orthorrhapha and Cyclorrhapha,
based on whether or not the pupa was enclosed in a pu-
parium. The two schemes were combined by Schiner
( 1864) who further divided the Nematocera. as follows:

I I4 NEARCTIC DIPTERA

Diptera Orthorrhapha
Nematocera

Polyneura
Oligoneura

Brachycera
Diptera Cyclorrhapha

Polyneura was proposed for those Nematocera with a
more complete wing venation, and included the Chiro-
nomidae, Psychodidae, Culicidae, Tipulidae, and Aniso-
podidae. Oligoneura, with a more reduced venation, com-
prised the Cecidomyiidae, Mycetophilidae, Simuliidae,
and Bibionidae. On the basis of the type of larval head
capsule, Brauer (1869) divided the Nematocera into
three tribes: Oligoneura, for the Cecidomyiidae alone;
Polyneura, for the Tipulidae, which at that time also in-
cluded the Trichoceridae; and Eucepha.la, for the remain-
ing families. Believing that this classification was one-
sided in favor of larvae, Osten Sacken (1891) proposed to
divide the Nematocera into two taxa: Nemocera yera.
containing the Cecidomyiidae, Mycetophilidae, Culi-
cidae, Chironomidae, Psychodidae, Tipulidae, and Dix-
idae; and Nemocera anomala, containing the remaining
families, the Bibionidae, Simuliidae, Blephariceridae,
Anisopodidae, and Thaumaleidae. Based almost entirely
on the degree of separation of the eyes in adult males, a
character now known to differ even among congeneric
members of the same family, particularly among the Sim-
uliidae, Blephariceridae, and Anisopodidae, Osten Sack-
en's classification was hardly less one-sided than was that
ol Brauer. Coquillett ( I 901) proposed a division of fami-
lies rather similar to that of Osten Sacken, calling the first
Tipuloidea and the second Bibionoidea.

Lameere (1906) maintained the categories Polyneura
and Oligoneura, but with rather different constituents
than that of Brauer or than the one subsequently adopted
by Hennig. Polyneura contained two families, the Culi-
cidae and Tipulidae. The Culicidae consisted of two sub-
families; Ptychopterinae, containing the present families
Ptychopteridae and Psychodidae; and Culicinae, equiv-
alent to the modern Culicomorpha minus Simuliidae and
Thaumaleidae. Oligoneura contained the Mycetophil-
idae, including Sciaridae, and the Cecidomyiidae. The
Anisopodidae and Bibionidae, including the present Sim-
uliidae, Thaumaleidae, and Blephariceridae, were trans-
ferred to the Brachycera. Thus, Lameere was as strongly
influenced by the holoptic or dichoptic condition as was
Osten Sacken, although his association of Anisopodidae
with Brachycera foreshadowed recognition of a possible
relationship between these two groups.

Knab (1915) proposed discarding the taxon Nematoc-
era altogether, as being "unnatural." Believing that the
presence or absence in the larva of abdominal spiracles
1-7 was of fundamental importance, he placed those fam-
ilies with amphipneustic and metapneustic larvae, includ-
ing the Psychodidae, Culicidae, Ptychopteridae, Tipul-
idae, Anisopodidae, and Thaumaleidae, in the Polyneura.
The remaining peripneustic families were placed in the
Oligoneura. His observations were unfortunately super-
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ficial or erroneous; for example, the Simuliidae and Chi-
ronomidae, in which all spiracles are vestigial (Archaeo-
chlus Brundin, with well-developed posterior spiracles,
was then unknown), were included in the Oligoneura,
whereas the Culicidae, which also have vestigial remnants
of spiracles I 7, were placed in the Polyneura.

A iamily tree presented by de Meijere ( I 916: 307) was
one of the first attempts to express a phylogenetic ar-
rangement of the families of Diptera. This tree is note-
worthy for its two major lineages, one grouping the fami-
lies that now constitute the Bibionomorpha (with addition
of Mycetobiinae, now regarded as belonging to Aniso-
podidae), and the other grouping all the families of the
modern Culicomorpha, including the Simuliidae and
Thaumaleidae. His treatment was in stark contrast to the
schemes of all his predecessors. This latter lineage also
included, at its base, the Psychodidae, Blephariceridae,
and Tipulidae. The Ptychopteridae and Anisopodidae
were the only families left on branches of their own. This
classification of de Meijere probably had an important
influence on the subsequent schemes proposed by Ed-
wards and Hennig.

Malloch (1917) also presented a phylogenetic tree and
a classification to accompany it, which unfortunately
embodied some of the disadvantages, and few of the ad-
vantages, of previous classifications. He maintained Brau-
er's three tribes, but in assigning the Ptychopteridae and
Anisopodidae to the Polyneura, he ignored Keilin's
(1912) work, which showed that these two families had
more in common with, and ought to belong to, the
Eucephala. He also, inexplicably, isolated the Bibionidae,
Scatopsidae, and Simuliidae from the Eucephala and
transferred them to the Oligoneura with the Cecidomyi-
idae, while maintaining the Mycetophilidae and Sciari-
dae in the Eucephala.

Crampton's (1924) phylogenetic proposals and partic-
ularly his morphological studies of thoracic structures of
Nematocera (Crampton 1925, 1926) exerted a profound
influence on subsequent phylogenetic studies, notably
those of Edwards and Hennig. Unfortunately, he made no
distinction between similarities based on symplesiomor-
phy and those based on synapomorphy; for although rec-
ognizing affinities between the Trichoceridae and Aniso-
podidae, which we regard as synapomorphies, he
continued to group the Trichoceridae with the Tipulidae
on what we now regard as symplesiomorphy. Thus he sep-
arated arbitrarily tipuloid and nontipuloid Nematocera.
Furthermore, despite evidence of the anisopodid nature of
Mycetobia Meigen ("a remarkable resemblance in all of
[its] thoracic features"), he continued to regard it as a

mycetophilid. He correctly postulated that Hesperinus
Walker should be associated with Bibionidae and olaced
the Simuliidae with the Chironomidae rather than the
Bibionidae, with which they were formerly associated.
Interestingly, he also regarded Axymyia McAtee as rep-
resenting a separate monotypic subfamily in the Aniso-
podidae. Thus, his treatment of the taxon now called Culi-
comorpha, subsequently adopted by Edwards and
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Hennig, has remained essentially unchanged to the
present.

ln a comprehensive summary of existing knowledge of
nematoceran structure, Edwardr; (1926) proposed three
lineages arising early in the -lurassic. Although well
aware of the "striking similarity" between larval mouth-
parts of the Trichoceridae, Anisopodidae, Psychodidae,
and Scatopsidae, particularly in the form of the preman-
dibles, resemblance that had been described only the pre-
vious year by Goetghebuer (192.5), he concluded that the
lack of concordance in adult structure indicated that such
character states in larval mouthparts were primitive fea-
tures, retained in these four families but lost in the others.
He retained the traditional asscciation between Tricho-
ceridae and Tipulidae as being th e most primitive lineage.
He also united in a single linea.ge the Mycetophiloidea
and Bibionoidea, which Crampt,rn had implied belonged
together, thus foreshadowing the Bibionomorpha as later
developed by Hennig. Furthermore, he adopted Cramp-
ton's association that we now call the Culicomorpha, al-
though he was reticent to inclrrde the Simuliidae and
Thaumaleidae in the group. The Ptychopteridae and Psy-
chodidae were included in the Culicomorpha lineage.
Edwards' ideas, like those of Crampton, were not formal-
ized as a classihcation, although they profoundly influ-
enced subsequent phylogenetic interpretation of Nem-
atocera and were surely an impcrrtant early influence for
Hennig.

In his classification of the F'alaearctic Nematocera,
Lindner (1949) divided the Nematocera into the Poly-
neura, containing the Tipulidae and Trichoceridae, and
the Oligoneura, comprising the remaining families.

White (1949) suggested that Lrss of male chiasmata is a
synapomorphy, grouping the Anisopodidae, Bibionidae,
Scatopsidae, Thaumaleidae, Blephariceridae, Myceto-
philidae, Sciaridae, Cecidomyiidae, and Brachycera.
Excluded from this supposed nronophyletic group were
the Tipulidae, Psychodidae, Sirnuliidae, Culicidae, and
Chironomidae. However, subsequent work on the Simuli-
idae (Rothfels and Mason 1975) has shown that species
with achiasmate males have ari:ren independently in sev-
eral lineages, suggesting that the character state is sus-
ceptible to parallelism. White (1973 487) discussed fur-
ther examples of parallelisms and reversals in other
families.

Hennig's classification versus that of Rohdendorf. Hen-
nig (1948, 1954,1968,1969,1973, 1981: 422) and Roh-
dendorf (1964,19'14,1977) have each developed the most
comprehensive recent classifications of Diptera. Each
author modified his own scheme with the passage of time,
while expending many paragreLphs analyzrng the per-
ceived shortcomings of the other's schemes. Whereas
Hennig adhered strictly to cladis,tic analysis, Rohdendorf
(1971) denigrated this approach, attacking the problem
of evolution from the bias of diak:ctic views (see review by
Griliths 1975). The two resultant classifications were
compared diagrammatically by Hennig (1969, 1981),
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showing ciearly the incompatibilities between their two
systems.

Rohdendorf (1964, 1974) regarded the Nymphomyi-
idae as the most primitive of living Diptera, creating for
them a new suborder, the Archidiptera, subsequently var-
iously spelled as Archodiptera (Rohdendorf 1971), Ar-
chaediptera (Cutten and Kevan 1970), and Archaeodip-
tera (Hackman and Vaisdnen 1982). All othcr Diptera,
forming the suborder Eudiptera, were considered the sis-
ter group of the Archidiptera. Rohdendorf also included
in the Archidiptera two fossils infraorders, the Dictyodip-
teromorpha and the Diplopolyneuromorpha, known only
from the upper Triassic as portions of wings. Further dis-
cussion of Rohdendorfs ideas concerning the placement
of Nymphomyiidae is given in the sections "Phylogeny of
the Infraorders of the Nematocera" and "Phylogeny of
the Infraorder Blephariceromorpha." Rohdendorf (1964,
1974) divided the Eudiptera into four infraorders, the
Deuterophlebiomorpha, Blephariceromorpha, Tipulo-
morpha, and Bibionomorpha. The first two each con-
tained the single nominal family. The Tipulomorpha con-
tained seven superfamilies most ending in idea. the
Pachyneuridea, with Pachyneuridae; the Tipulidea, with
Trichoceridae, Ptychopteridae, and Tanyderidae, as well
as Tipulidae sensu lato; the Psychodidea, for Psychodidae
sensu lato; the Culicoidea and the Chironomoidea. each
constituted as described in this Manual. exceot for Thau-
maleidae; the Orphnephilidea, for Thaumaleidae; and the
Rhaetomyiidea, for Perissommatidae. The Bibionomor-
pha contained six superfamilies: the Bolitophilidea, for
Bolitophilidae; the Fungivoridea, for remaining Myceto-
philidae sensu lato; the Cecidomyiidea, for Cecidomyi-
idae sensu lato; the Scatopsidea, for Scatopsidae and
Synneuronidae; the Bibionidea, for Bibionidae; and the
Rhyphidea, for Anisopodtdae sensu lato and Cramptono-
myiidae. The Pachyneuridae and Cramptonomyiidae
were thus widely separated. In Rohdendorfls later classi-
fication (1911), all the superfamily endings were changed
to the oidea form and the Orphnephilidea, Rhaetomyi-
idea, and Rhyphidea were changed to their present form.
The Pachyneuridae and Cramptonomyiidae were brought
together in the Bibionomorpha, but no other changes were
made.

Hennig's classifications were established using the
principles of phylogenetic (cladistic) analyses, which he,
himself, developed. They are easily understood and, fur-
thermore, are testable. His latest concepts (Hennig I 969,
I 973, 1981) have, therefore, formed the basis for our pre-
sent hypotheses, presented in the remainder of this chap-
ter. An outline of his 1973 classification is oresented un-
der "Phylogeny of the Inlraorders of the Nematocera,"
and his ideas concerning the phylogeny within each in-
fraorder precede our own.

MONOPHYLY AND PHYLOGENETIC ORIGINS OF
THE DIPTERA

Despite marked structural differences and diversifica-
tion within the order, the Diptera are universally accepted
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as a monophyietic taxon. The group's most conspicuous
synapomorphy is the modification of the hind pair of
wings into halteres and related modifications in thoracic
structure.

Hennig (1913, 1981) also listed other synapomorphies,
some of which are as follows: CuP reduced, developed
basally as a vein but usually occurring as a fold; abdomi-
nal spiracle 8 absent in adult males; and apical segment of
labial palpus modified into a labellum, with pseudotra-
cheae on its ventral surface for absorbing liquids. He also
suggested that loss of larval legs was a synapomorphy.
However, larvae of Siphonaptera, the order to which Dip-
tera may be most closely related, also exhibit this feature.

Although Hennig (1973) was convinced that the
Brachycera were a monophyletic group, he was noncom-
mital about the monophyly of the Nematocera, because
he did not know whether the sister group of the Brachy-
cera was the Nematocera as a whole, one of the infraor-
ders of the Nematocera, or perhaps even a lineage within
one of these infraorders. The Bibionomorpha were sug-
gested as one possibility.

Until a suitable sister-group relationship can be postu-
lated, there is no point in addressing further the problem
of the monophyly of the Nematocera. Even if the Nem-
atocera could eventually be shown to be a paraphyletic
group, as we suspect it will, the phylogenetic arguments
presented here would not be affected. The Brachycera
would merely become the sister group of one of the lin-
eages dealt with later. The matter is discussed further in
the following chapter, dealing with the orthorrhaphous
Brachycera.

There has been some debate as to whether the sister
group of the Diptera is the Siphonaptera (Boudreaux
1979), the Mecoptera (Mickoleit 1981, Hennig 1981),
only the Nannochoristidae from wrthin the Mecoptera
(Tillyard 1935, Imms 1944), or the Mecoptera pius the
Siphonaptera (Kristensen 1975). Another possibility,
which we entertain here, may not as yet have been ex-
pressly proposed in the literature. This new hypothesis
regards the Siphonaptera and the Diptera as sister groups
whose sister group in turn is the Nannochoristidae, not
the Mecoptera as a whole.

Character states. Analysis of six of the character states
(1-6) that have been presented in support of these views
follows:

Larva

1. First instar without egg burster on dorsum of
head capsule (plesiomorphic) / first instar with
e gg burs ter ( apomorphic )

The apomorphic feature is unique in the lnsecta.
Within the Mecoptera, an egg burster has been recorded
by Gassner (1963) for Panorpa nuptialis Gerstaecker
and by D. A. Craig (personal commun., University of
Alberta) for Microchorista philpotti (Tillyard) (Nanno-
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choristidae). At least for M. philpotti the egg burste.r is
very small and easily overlooked so that it may be present
in other Mecoptera as well. However, Cooper (191 4)
could find no trace of it in Hesperoboreus notoperates
(Cooper), a state that we consider here to be a loss.

2. Eye covered wilh convex, lens-like cuticle (plesio-
morphic) I eye composed of a group of pig-
mented cells located beneath a region oftranspar-
ent, unmodffi ed cut ic I e ( apomorphic )

The plesiomorphic condition is present in some Coleop-
tera, some Hymenoptera (at least the Symphyta), the
Megaloptera, Neuroptera, Trichoptera, and Lepidoptera,
and Mecoptera other than Nannochoristidae. The apo-
morphic condition is shown by the Nannochoristidae and
all Nematocera. Larvae of the Siphonaptera apparently
lack eyes altogether.

3. Thoracic legs present (plesiomorphic) / thoracic
legs absent or aI most represented by small bris-
tles (apomorphic)

The Siphonaptera and Diptera are the only panorpoid
orders that exhibit the apomorphic condition, with the
exception of a few Lepidoptera in which absence of legs is
clearly a secondary loss. Some larvae of Hymenoptera
and Coleoptera have also lost their thoracic legs, a condi-
tion suggesting that this character state may be suscepti-
ble to parallelism.

Pupa

4. Movable mandibles present (decticctus) (plesio-
morphic) / mandibles not movable (adecticous)
(apomorphic)

All Megaloptera, Neuroptera, Trichoptera (a few have
become adecticous secondarily), primitive Lepidoptera
(Zeugloptera), and Mecoptera have functional mandibles
(decticous) (Hinton 1971). However, Coleoptera and
Hymenoptera (except Xyelidae which may be the sister
group of all other Hymenoptera) are adecticous as pupae,
which suggests that the apomorphic condition is suscepti-
ble to parallelism. A possible exception in Diptera (Ny--
phomyiidae) is discussed under "Phylogeny of the In-
fraorder Blephariceromorpha. "

Adult

5. Lacinia and galea present, both blunt apically
(plesiomorphic) I galea absent and lacinia elon-
gate, blade-like, usually with a row oJ'recurved
teeth (apomorphic)

The apomorphic condition is unique to the Nannocho-
ristidae, Siphonaptera, and Diptera (Imms 1944), al-
though the recurved teeth have been secondarily lost and
the lacinia has become vestigial in many lineages of Dip-
tera, including all Bibionomorpha, Asilomorpha, and
Muscomoroha.

tt3'7

6. Sperm pump (lbsent (plesiomorphic) I sperm
pump pr e s e nt ( apomorp hic )

The apomorphic condition is unique to all Mecoptera
(except Boreidae, in which this absence is regarded by
Mickoleit (1971, 1974) as a ser:ondary loss), Siphonap-
tera, and to many, but not all, Nematocera. Hennig
(1969,1981) and Kristensen (1975) regarded this char-
acter state as a synapomorphy of the Mecoptera, Sipho-
naptera, and Diptera, a group H.ennig named the Antlio-
phora (pump bearers). A detailed comparison between
sperm pumps in the three orders has evidently never been

made and, thus, it is uncertairL whether this character
state is homologous in the taxa prtssessing it.

Discussion. The hypotheses presented here result in
the cladogram of Fig. 114.1. However, we are aware of
two character states that may provide evidence that the
Diptera and Nannochoristidae are sister taxa. These are
the shared unique presence of a sensory pit on the third
maxillary palpal segment of adults (lost in some Diptera)
and the presence of finger-like, membranous protrusions
of the larval anus called anal papillae. Within the Holo-
metabola, only Trichoptera (probably primitive taxa)
(Wiggins 1911), Nannochoristidae (Pilgrim 1972), and
some Nematocera possess anal ;rapillae. ln all these taxa,
the papillae are eversible, exerterJ by hemolymph pressure
and retracted by muscular action (see also character 75

under Culicomorpha). The anal papillae function as os-
moregulatory organs for these acluatic groups.

We suspect that the maxillary palpal sensory pit and
anal papillae may have been lost second_arily in Siphonap-
tera. The maxillary palpal sensory pit- has been lost sec-

ondarily in many Diptera and arral papillae are never ev-
ident in terrestrial larvae (e.g. those of Siphonaptera).

Mickoleit (197 l, l98l ) has suggested that the Mecop-
tera form a monophyletic group, contrary to the para-
phyly suggested here. The characters he used to support
this idea were fusion of the cl5'peus and labrum in the
adult and loss of some muscles ,rf the labrum, mandible,
and hypopharynx (possibly correlated with fusion of the
labrum to the clypeus). A fused clypeus and labrum is

also present in some primitive Lepidoptera, for example in
the Mnesarchaeidae (Kristensen 1968), in some primitive
Trichoptera (Klemm 1966), and also in at least three lin-
eages of Coleoptera (Crowson 1,981). The Siphonaptera
have an extremely reduced labrum hidden behind the an-
terior margin of the clypeus (Slnodgrass 1946). Appar-
ently, therefore, outgroup compilrisons do not allow us to
conclude decisively that this character state is synapo-
morphic for Mecoptera. We are not sure how to interpret
the second character, reduced muscles of the labrum,
mandible, and hypopharnyx, for lack of further outgroup
comparisons. Until these two cltaracters are more rigor-
ously investigated (at least in other Holometaboia) we do
not recognize their absence as a synapomorphy of the
Mecoptera.

Whether or not the fused condition of the clypeus and
labrum is a synapomorphy of the Mecoptera or whether it
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is synapomorphic of possibly the panorpoid orders, in our
scenario we would still have to postulate a reversion in the
Diptera to the plesiomorphic. unfused condition.

Willmann (1981, 1987) also supported the idea that
Mecoptera form a monophyletic taxon. He suggested two
additional synapomorphies: fusion of tergite and sternite
9 of the adult male abdomen and oresence of a membra-
nous organ on the distal portion of the gonostylus. The
first is also present in nearly all Nematocera and is proba-
bly plesiomorphic within the Diptera. The second appears
to be unique to the Mecoptera. Kristensen (1981) noted
two additional character states, which he suggested indi-
cate monophyly of the Mecoptera: metathoracic spiracie
of the larva nonfunctional and bases of male adult gono-
coxites fused dorsally and ventrally. The metathoracic
spiracle is lacking in larvae of some Lepidoptera (but pre-
sent in Micropterigidae), all Trichoptera, and most Dip-
tera, indicating its susceptibility to homoplasy. Dorsal
and ventral fusion ofthe gonocoxites appears, on the basis
of outgroup comparisons, to be restricted to the
Mecoptera.

Boudreaux (1919 254) listed other apparent synapo-
morphies shared by the Siphonaptera and Diptera, which
might support our conclusions (hind wings reduced; meta-
notum smaller than mesonotum; short adult antenna).
However. these character states are either not restricted
to the two orders (discussed above) or they seem superfi-
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cial or susceptible to parallelism. He also discussed the
lobes that are present on the mesothorax of ceratophylloid
flea pupae (no lobes are present on the metathorax). If
these are homologous to the wing buds of other insects,
the missing metathoracic lobes of these flea pupae may be
synapomorphic with the reduced wing bud in which the
halteres of Diptera develop. This structure warrants fur-
ther comparison, but as discussed by Rothschild (1975),
the homology of these lobes with wing buds is
questionable.

Kristensen (1975) suggested that the Mecoptera and
Siphonaptera were sister groups and that these together
formed the sister group of the Diptera. He listed four
character states as synapomorphies of the Mecoptera and
Siphonaptera: no extrinsic labral muscles; unique proven-
tricular processes called acanthae; specialized spermato-
zoa; fused nervi corpora cardiaca. Boudreaux (1979) dis-
cussed each of these (except for the fused nervi corpora
cardiaca) and showed most of them to be suspect as apo-
morphies. Fused nervi corpora cardiaca are also known in
the Hymenoptera (Lafon-Cazal 1983). We consider this
character state to be too poorly investigated to accept as
good evidence of a relationship between the Mecoptera
and Siphonaptera.

Based on sperm ultrastructure, Kristensen (1981) fur-
ther supported the concept that Mecoptera and Siphonap-
tera are sister groups. We agree that the 9 + 2 config-
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uration of the axoneme and the coiled flagellum must be
considered apomorphic, which, therefore, contradicts our
concluslons.

Several character states may contradict our hypothesis
of a sister-group relationship between the Diptera plus
Siphonaptera and the Nannochoristidae; namely the pres-
ence of a gonostylar organ and the dorsal and ventral fu-
sion of the gonocoxites in all Mecoptera and the shared
9 + 2 configuration of the sperm of Mecoptera and Si-
phonaptera. Fusion of the clypeus and labrum of Mecop-
tera warrants further research in the light of outgroup
comparisons.

Our conclusion that the Nannochoristidae is the sister
group of the Diptera plus Siphonaptera rests on correct
interpretation of homology between the blade-like lacinia,
loss of galea, presence of a sensory vesicle on the third pal-
pomere (not present in fleas), and loss of the lens-like cuti-
cle covering the larval eye.

Should our conclusion that the Mecoptera are a para-
phyletic group be confirmed by future studies, the family
Nannochoristidae should be recognized as a separate
order. Hinton (1981) has already provided the name:
Nannomecoptera.

PHYLOGENY OF THE INFRAORDERS OF THE
NEMATOCERA

Hennig's classif ication

Hennig (1973) divided the Nematocera into four in-
fraorders as follows: the Tipulomorpha, Psychodomor-
pha, Culicomorpha, and Bibionomorpha.

I nfraorder Tipulomorpha
Superfamily Trichoceroidea
Superfamily Tipuloidea

lnfraorder Psychodomorpha
Superfamily Bl ephariceroidea
Superfamily Nymphomyioidea
Superfamily Ptychopteroidea
Superfamily Psychodoidea

Infraorder Culicomoroha
Superfamily C ulicoidea
Superfamily Chironomoidea

Infraorder Bibionomoroha
Section Pachyneurilormia
Section Anisopodiformia
Section Bibioniformra
Section Mycetophiliformia

Superfamily Scatopsoidea
Superfamily Cecidomyioidea
Superfamily Mycetophiloidea

Hennig (1954,1968, 1969, 1913,1981) regarded the
Tipulomorpha as the most primitive infraorder. He in-
cluded in this infraorder only the families Trichoceridae
and Tipulidae sensu lato (as used in this Manual, includ-
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ing the Cylindrotomidae and Ljmoniidae sensr.r Hennig
and most other European authors). This group, which he
called the Polyneura, was consiidered to be the sister group
of the rest of the Diptera, the Oligoneura. Hennig ( 1968)
regarded the Oligoneura as a monophyletic group because
the wing in all of its members rvas differentiated into a

stalk and a blade, a derived ,londition compared to the
Mecoptera and Polyneura. He rrlso postulated (Hennig
1968) that the Polyneura forrneri a monophyletic group,
based on the following character states, which he believed
were synapomorphies: wing elongated, with junctions of
all longitudinal veins and the dir;cal cell shifted to distal
half of wing; R, ending in R,, nevor alone in the wing mar-
gin; scutal suture V-shaped, not interrupted medially;
adult without mandibles; adultl lzLcking a tergal depressor
muscle of the trochanter; la.rva amphipneustic or
metapneustic.

Hennig based his Psychodornorpha on the fusion of the
meron of the mid coxa with the nretepimeron, a character
suggested earlier by Crampton, Hennig, however, ex-
pressed reservations about the value of this character as a
synapomorphy. Within the Psllchodomorpha, he grouped
Tanyderidae and the Ptychopteridae (superfamily Pty-
chopteroidea) on the basis ol'the shared capability of
adult males to grasp the female by folding the last tar-
somere of each leg against the fourth tarsomere. The
Blephariceridae and Deuterophlebiidae (superfamily
Blephariceroidea) were grouped by the manner in which
the wing was folded during its development within the
pupa (Hennig 1913). He tenta.tively grouped the Culico-
morpha, Bibionomorpha, and Brachycera on the shared
presence of lobe-like pulvilli and of an alula. Finally, he
placed the Brachycera as the sister group of the
Bibionomorpha.

Proposed classification of the Nematocera

We have recognized seven infraorders:

I nfraorder Tipulomorpha
I nfraorder Blephariceromorph a

Infraorder Axymyiomorpha
I nfraorder Bibionomorpha
Infraorder Psychodomorpha
Infraorder Ptychopteromorprha
I nfraorder Culicomorpha

Character states. The six cheLracter states that were
used in interpreting the relationship between the infraor-
ders are analyzed below. All r;haracter states we use to
advance our interpretation of 1.he, phylogeny and classifi-
cation of the Nematocera are nurnbered sequentially and
correspond to those appearing on Fig. I 14.2. Other char-
acter states discussed herein are left unnumbered.

Larva

1. Mandible with prosth:eco on articulated lobe
("lacinia mobilis" of I'ilgrim 1972) (plesio-
morphic) / prostheca arising directly from me-
dian surface of mandible (apomorphic)
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In the Nannochoristidae, the lacinia mobilis is large
and distinct, with a toothed apex, whereas in the Tipul-
idae it is much smaller and poorly defined (Chiswell
1955). In all other Diptera, the tuft of setae that consti-
tutes the prostheca seems to arise directly from the man-
dible itself, rather than from a lobe. Hence, we tentatively
regard the lack of this lobe in all Diptera except the Tipu-
lidae as a synapomorphy, leaving the Tipulidae as the sis-
ter group of the rest of the Diptera.

2. Ventral surface of the labrum without labral
brushes (plesiomorphic) I labrum with a pair of
labral brushes, each in t he form of a convex, cush-
ion-like area of cuticle covered with parallel,
transyerse rows of long setae (apomorphic)

The labral brush is a complex feeding structure, unique
to the Tanyderidae, Ptychopteridae, Dixidae, Culicidae,
and Simuliidae. Setae are erected apparently by internal
pressure and are closed by contraction of exceptionally
well-developed labral retractor muscles. Wood (in prepa-
ration) argues that such a complex structure, with associ-
ated morphological and behavioral modifications for in-

ll4 NEARCTTc DTPTERA

26
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21,30 68, 69,70
72,73,14

43,44,45

34,39,40,41,42 2,3,4,6

Fig. I 14.2. Cladogram showing relationships betwcen the familics of the Nematocera. Numbers refer to charac-
ter states described in the text.

gesting particulate food, is probably homologous in all five
of these families, and we present it here as evidence of a

sister-group relationship between Ptychopteromorpha
and Culicomorpha. We assume it has been secondarily
lost in some Culicomorpha.

3. Premandible consisting of a simple sclerite lack-
ing invaginated portion (plesiomorphic) / pre-
mandible with invaginated apodeme for insertion
of labral retractor muscle (apomorphic)

The apomorphic condition is found in the Ptychopter-
idae, Dixidae, Culicidae, Simuliidae, Ceratopogonidae,
and Chironomidae. Corethrellidae and Chaoboridae ap-
pear to lack premandibles altogether, whereas the Thau-
maleidae have a reduced premandible.

The plesiomorphic character state is found in the Psy-
chodomorpha and Tanyderidae. If the Tanyderidae are
the sister group of the Ptychopteridae, as proposed by
Hennig (1973) and supported by us here, the reduced pre-
mandible of the Tanyderidae may possibly be a secondary
loss, perhaps occurring as a result of their burrowing hab-
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its and a change of diet. On the other hand, the occur-
rence of a more complex premandible, with invaginated
apodeme, in the Ptychopteridae may be more derived
than in Tanyderidae. In this event, the Ptychopteridae
alone could be the sister group of the Culicoidea. We won-
der, however, why larvae of Tanyderidae should possess a
fully developed labral brush, to all intents and purposes
identical to that in Ptychopteridae, yet lack all the other
devices that are present in the Ptychopteridae for coilect-
ing food particles from it, i.e. premandibular comb, epi-
pharynx, and mandibular comb (see character 4). Faced
with this conflicting evidence, we have chosen to place the
Tanyderidae and Ptychopteridae together, as consrituting
the sister group of the Culicomorpha.

4. Mandible without mandibular comb (plesio-
morphic) / mandible with comb-like or brush-
like row of long, curved setae along dorsal surface
(apomorphic)

The apomorphic condition is found in the Ptychopter-
idae, Dixidae, Corethrellidae, Chaoboridae, Culicidae,
Simuliidae, and at least in the primitive Archaeochlus
Brundin of the Chironomidae, but not in the Tanyderidae
(and is thus correlated with the previous character).
Cranston et al. (1987) recently revised Archaeochlus.
This genus is probably the sister group of the remaining
Chironomidae and, although not fully shown in their Fig-
ure 37, the larva of Archaeochlus bicirratus Brundin pos-
sesses a well-deveioped mandibular comb.

The argument applied in the previous case may also be
applied here: either the Ptychopteridae alone is the sister
group of the Culicomorpha, based on the shared presence
of a mandibular comb, or the Tanyderidae plus the Pty-
chopteridae together are the sister group of the Culico-
morpha, assuming that the Tanyderidae have lost their
mandibular comb in acquiring stout chewing mandibles.

The mandibular comb is used for combing food parti-
cles from the labral brush as the mandibles and the la-
brum are adducted.

5. Mandibular articulotions located more or less
dorsoventral to each ctther, with the mandibles
operating in a horizontal plane (Fig. 3.1 I ) (plesio-
morphic) / epicondyle displaced medially and
hypocondyle displaced laterally, with the mandi-
bles operating obliquely (Fig. 3.ll) or vertically
(apomorphic)

The plesiomorphic condition is characteristic of all out-
groups of Diptera, e.g. the Siphonaptera, the Mecoptera
(including Nannochoristidae), and the other panorpoid
orders. It is also found in the Tipulomorpha, Bibionomor-
pha, and Axymyiomorpha. Movement of the mandibles to
an oblique or vertical position is apparently always associ-
ated with feeding on particies in a liquid or semiliquid
medium. Because the position of articulation points has
probably shifted more than once, no clear transformation
series can be established. Conversely, reversals have un-
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doubtedly occurred, e.g. in woorl-boring groups such as

the Trichomyiinae (Psychodidae,) and Stenochironomus
Kieffer (Chironomidae) (Borkent 1984). The Axymyi-
idae may also represent such a reversal, which may ac-
count for our difficulty in placing this family phylogeneti-
cally. The vertical shift of the mandible is shown by most
Psychodomorpha, whereas the lPtychopteromorpha and
Culicomorpha exhibit various degrees of mandibular
rotation.

Adult

6. Ocelli present (plesiomorphic) / ocelli vestigial
or absent (apomorphic)

Loss of ocelli was given by Hennig (1913) as a synapo-
morphy of the Culicomorpha. In rlur arrangement we con-
sider it a synapomorphy of the Culicomorpha and Pty-
chopteromorpha. Ocelli are present in nearly all
Mecoptera (absent in Meropeidae, Boreidae, and Aptero-
panorpa Carpenter) but are lacking in Siphonaptera.
Within the Nematocera, there are additional examples of
convergence: ocelli are absent in the Tipulidae, Deu-
terophlebiidae, Psychodidae, and in some Cecidomyiidae.
We suspect that this character ritate, by itself, is only a

weak indication of relationship.

Discussion. We have segregated the Trichoceridae
from the Tipulidae, the two families included by Hennig
(1954, 1968, I 973) in his Tipulornorpha. Our Tipulomor-
pha is thus left with only the Tipulidae sensu lato as used
in this Manual, including Cylindrotomidae and Limoni-
idae sensu Hennig and most other E,uropean authors.

Because Hennig (1913) dealt extensively with mono-
phyly of the Tipulidae and Trichoceridae (his Tipulomor-
pha), a more detailed analysis of his arguments is given in
the following section "Phylogeny of the Infraorder
Tipulomorpha."

Similarly, the arguments so far presented in support
either of a primitive position for the Nymphomyiidae, or
of its being considered the sister group of the rest of the
Diptera, are all based on a priori assumptions of supposed
primitiveness. No previous author has presented rigorous
arguments, based on synapomorphies, to suggest that the
Diptera, exclusive of the Nymphomyiidae, form a mono-
phyletic group. We deal with the specific arguments
in the section "Phvlosenv of the Infraorder
Blephariceromorpha."

Recognizing the contradiction shown between charac-
ter states of adults of the TrictLoceridae and Tinulidae
sensu lqto and those of the larvae, Keilin (l9l)) sug-
gested that the Trichoceridae might be allied to the An-
isopodidae rather than to the Tipulidae. ln his earliest
phylogenetic interpretation, Hennig (1948, 1950, 1952)
included the Trichoceridae, along with the Tanyderidae
and Ptychopteridae, in his Psychc,diformia, then as part of
his Culicomorpha. Later, he concluded (Hennig 1953,
1954), in agreement with Edwarcls (1926), that these lar-
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val character states, found in the Trichoceridae, Aniso-
podidae, Scatopsidae, and Psychodidae, must represent
the most primitive larval states among dipterous larvae.
Judging them to be symplesiomorphies, he discounted
their significance as an indication of a close relationship
between these families. From this oosition. he concluded
that the larval character states exhibited by the Tipulidae
were derived from a trichocerid-like ancestor.

We have decided to regard similarities in the structure
of larval mouthparts in the Trichoceridae, Anisopodidae,
Scatopsidae, and Psychodidae, as described by Keilin
(1912), Goetghebuer (1925), and Anthon (1943), as
being synapomorphies. Accordingly, we have placed the
four families together in the Psychodomorpha. Finally,
details of these challenges to the grouping of the Psycho-
domorpha as supported here are discussed in the section
dealing with that infraorder. Regardless, it should be
noted that, because of the rather profound differences
between larvae of N annochoristidae and those of all living
Diptera, recognition of primitive character states in lar-
vae of Diptera by outgroup comparison has not yet been
attained in many instances. However, superficial compar-
ison of the larvae of Siphonaptera and Diptera indicates
that study of these may be fruitful.

In Chapter I of this Manual, the Tanyderidac werc in-
cluded with the Tipulidae in the Tipulomorpha, but we
have abandoned that arrangement for lack of justilica-
tion. Admittedly, the Tanyderidae show such primitive
features as a five-branched radius (Hennig 1954), but we
cannot propose any synapomorphies between this family
and the Tipulidae. We now refer the Tanyderidae, along
with the Ptychopteridae, to the Ptychopteromorpha, leav-
ing the Tipulidae sensu lato as the sole representative of
the Tipulomorpha.

We have removed the Blephariceroidea and Nympho-
myioidea from Hennig's Psychodomorpha, an arrange-
ment he, himself, was not convinced of, and have com-
bined them to form the Blephariceromorpha. The
relationship of this infraorder to others is also enigmatic.
The Axymyiomorpha, containing only the Axymyiidae,
was isolated from Hennig's Bibionomorpha because re-
semblances seemed to be superficial rather than based on
synapomorphies. However, the relationship of the
Axymyiomorpha to the other infraorders has proven as
elusive as have those of the Blephariceromorpha. Our
most radical departure from Hennig's scheme is a reorga-
nization of the infraorder Psychodomorpha, based on lar-
val character states. It contains families taken from Hen-
nig's Tipulomorpha (i.e. Trichoceridae), Bibionomorpha
(Anisopodidae, Scatopsidae, and Synneuridae), and Psy-
chodomorpha (Psychodidae). We isolated the Tanyder-
idae and Ptychopteridae from Hennig's Psychodomorpha
and placed them in a separate infraorder because we pro-
pose a sister-group relationship between them and the
Culicomorpha. Our concept of Culicomorpha remains
essentially the same as that of Hennig's, except for recog-
nition of a new family, the Corethrellidae, which we pro-
pose as the sister group of the remaining Chaoboridae
olus the Culicidae.
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PHYLOGENY OF THE INFRAORDER
TIPULOMORPHA

Hennig's classification

Hennig (1973) included two groups in this infraorder,
the families Tipulidae and Trichoceridae, as follows:

Infraorder Tipulomorpha (Polyneura)
Superfamily Trichoceroidea

Family Trichoceridae
Superfamily Tipuloidea

Family Tipulidae
Family Cylindrotomidae
Family Limoniidae

Hennig dealt extensively with the monophyly of the
Trichoceridae and Tipuloidea, which comprised his in-
fraorder Tipulomorpha. Because we regard the character
states he used to establish this concept as being plesio-
morphic or misinterpreted, we present the following de-
tailed analysis of his arguments, character by character.

Larva

. Larva peripneustic (plesiomorphic) I amphipneu-
slic or metapneustic (apomorphic)

The apomorphic condition was one of the characters
given by Hennig (1973) as a synapomorphy of the Tipul-
idae plus Trichoceridae. The plesiomorphic condition is

found in larvae of the Nannochoristidae, which are
aquatic, as well as in other members of the Mecoptera and
other panorpoid orders, which are terrestrial. Larvae of
the Bibionomorpha and Scatopsidae, which are also es-

sentially terrestrial, except when inhabiting semiliquid,
rotting media, are also peripneustic. Most other nemato-
ceran larvae are either amphipneustic or metapneustic.
However, all dipteran larvae, even fully aquatic forms,
retain at least vestiges of their first seven abdominal spira-
cles (Keilin 1944); vestiges of all nine pairs are found in
such groups as the Simuliidae, which otherwise have no
functional spiracles. Many aquatic forms, or those living
regularly in liquid or semiliquid media, have lost their
first seven pairs of abdominal spiracles, regardless of phy-
logenetic affiliation, whereas terrestrial forms still retain
all or most of their spiracles. These first seven abdominal
spiracles, once vestigial, could conceivably still be re-
gained if the genetic mechanism of spiracle formation
that affects those of segment 8 affects the first seven. ln
summary! we are reluctant to attach much phylogenetic
importance to an interpretation of the presence or absence

of spiracles.

Adult

. Some wing veins ending before middle of wing,
.vrith discal cell centrally located (plesiomorphic) /
wing elongated, with all veins (except Ar) ending
beyond middle of wing and discal cell positioned in
distal half of wing (apomorphic)
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Henning (1968), noting that members of the Tricho-
ceridae and Tipulidae had rather long, narrow wings, pos-
tulated that this feature was a synapomorphy of the two
families. However, he noted a general correlation between
slenderness of body and elongation of wing. We can see no
essential difference between wings of the Tipulidae, Tri-
choceridae, and other slender Nematocera such as
Cramptonomyia Alexander (Figs. 4.6-8, 22.2,4). There-
fore, we reject this character state as a possible synapo-
morphy of the Trichoceridae and Tipulidae.

. Vein R, ending separately in wing margin (plesio-
morphic) / Rrending in R, (apomorphic)

A small, transverse vein extends between the first and
second branches of the radius in the Tinulidae and Tri-
choceridae (Figs. 4.6, 4.8). First called ihe radial cross-
vein, it was interpreted by Alexander (1921) as Rr. Hen-
nig (1954) regarded its presence as a synapomoiphy of
the two families and, hence, of his Tipulomorpha. We are
uncertain whether it is homologous in these two families.
In the Trichoceridae it lacks setae. which are found on
adjacent veins, and appears to be a crossvein. In the Tipu-
lidae, on the other hand, it is quite variable in position and
direction and usually bears setae. Alexander (1927) made
a case for regarding this vein in the Tipulidae as Rr; but in
the Trichoceridae we feel that it could be a crossvein. oer-
haps homologous to the radial crossvein found in the Nan-
nochoristidae and other Mecoptera. If so, its occurrence
would be plesiomorphic. We are unable to decide whether
this vein is indeed R, or a crossvein in either family or
even whether it is homologous in both families.

. Venation with base of M separate from base of R
(plesiomorphic) I base ctf M connected to base of
R by an oblique crossvein (called MA in Chapter I
of t his M anual) (apomorphic)

Hennig (1968: 5) stated that members of the Tricho-
ceridae and Tipulidae (his Tipulomorpha or Polyneura)
lacked a connection between the bases of M and R. al-
though some members of the Tipulidae had a fold in that
position. In contrast, this connection was present in, and
might be a synapomorphy of, the rest of the Diptera (the
Oligoneura). However, we believe that the distribution of
this character needs further study. Members of the Tri-
choceridae lack this connection, as Hennig asserted, but
some Tipulidae that we have examined (e.g. a species of
Hexatoma Latreille) have a rather strong crossvein-like
connection. In the Ptychopteridae, only a fold is present in
species of Ptychoptera Meigen, whereas Bittacomorpha
clavipes (Fabricius) seems to have a distinct crossvein. If
this crossvein is really MA, its occurrence must be primi-
tive, and its absence, as in the Trichoceridae, must be
derived.

. Venationwith Arwell developed and extending into
wing blade, terminating in hind margin of wing
(plesiomorphic) / A, rudimentary, not extending
to hind margin of wing, and, in most Nematocera,
not evident at all (apomorphic)
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The extent of A, in the Trichoceridae and Tipulidae is

easily interpreted as being primitive, as Hennig did.
Because the feature is a sympkrsiomorphy, however, its
occurrence does not necessarily indicate a close relation-
ship between these two families. In species of Trichocer-
idae that we have examined, the r;etae on its dorsal surface
do not continue onto the abruptly bent apical portion,
whereas in the Tipulidae that vre have seen these setae
continue to the apex of the vein. llhis observation suggests
that, in the Trichoceridae, the apex of A, may be a cross-
vein and not homologous with what is assumed to be the
same vein in the Tipulidae. Further study is needed. Addi-
tional evidence to corroborate thrlt the Oligoneura form a
monophyletic group seems to ba lacking; in absence of
such evidence we can postulate that loss of A, could have
happened twice. but we hesitate to make any interpreta-
tion without further information.

. Wing base broadening gradually, tapering evenly

from base, thus without ubrupt dffirentiation oJ
wing into a stalk and bladet (plesiomorphic) I wing
base abruptly constricted near base, dffirentiating
b I ade from s t a I k ( apomor pt hic )

Hennig ( 1968) made much of this character, believing
that the plesiomorphic condition set the Polyneura apart
from the rest of the Diptera (Oligoneura). However, the
differences in width of the stalk between the Trichocer-
idae (his Fie.2) and the Ptychopteridae (his Fig. 3) seem
to us to be a result either of the presence in the Trichocer-
idae of a well-developed A, or of its absence in Ptychop-
teridae, as well as a result of thr: distance from the wing
base of MA (discussed in the preceding item). Although
Hennig did not couple these three character states, we
postulate here that the extent o1'the stalk, the extent of
A, and the position of MA may be functionally
interrelated.

. Transverse sutures of the scutum not meeting me-
dially (plesiomorphic) / transverse sutures meet-
ing middorsally, forming a V-shaped impression
on the scutum (apomorphic)

The distribution of the supposed apomorphic state of
this character is puzzling; a truly distinct, V-shaped im-
pression is present only in the Tipulidae, Blephariceridae,
and Perissommatidae, and, mu<:h less distinctly, in the
Ptychopteridae. In the Trichoceridae, which are supposed
to share the apomorphic condition with the Tipulidae, the
medial part of the impression is not well delineated. We
believe that further study is need.ed to resolve the homol-
ogy, distribution, and polarity of this character.

. Mandibles present (plesiomorphic) / mandibles
lacking (apomorphic)

Mandibles have been lost in all the Bibionomorpha,
Axymyiomorpha, Ptychopterida,:, and Psychodomorpha,
except some Psychodidae, and in at least some members
of nearly every family of the Culicomorpha. Because the
loss has occurred so many times we conclude that loss in
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the Tipulidae and Trichoceridae is doubtfully
homologous.

. Adult with a tergal depressor muscle of the tro-
chanter (plesiomorphic) / adult lacking this mus-
cle (apomorphic)

As in the previous character, the tergal depressor mus-
cle is apparently absent in several otherwise unrelated
families, namely those with long legs and those that do not
spring into the air when taking flight. Hennig pointed out
that absence ofthis muscle could not be regarded as a syn-
apomorphy. Although he held out hope that its absence in
the Trichoceridae and Tipulidae could be a synapomor-
phy of the two families, evidence of this loss being a syn-
apomorphy is as weak as it is for the previous character.

. Aroleum present (plesiomorphic) / aroleum ab-
sent, replaced by a flap-like empodium
(apomorphic)

The sac-like aroleum at the apex of the tarsus was said
to be "rudimentary or absent in most Diptera except Tip-
ulidae" (Snodgrass 1935; 200). Hennig (1968), in attri-
buting this conclusion to de Meijere (1901), suggested
that the apomorphic condition might be a synapomorphy
of the Oligoneura. We cannot see any fundamental dif-
ference between the pad-like structure at the apex of the
tarsus in either the Tipulidae or the Trichoceridae, or in
any dipteran in which an empodium is present, and we
suggest that this character needs reexamination.

Proposed classification of the Tipulomorpha

In the arrangement we present here, we have relegated
the Trichoceridae to the Psychodomorpha (sec previous
section and "Phylogeny of the Infraorder Psychodomor-
pha") and consider the Tipulidae sensu /alo (Hennig's
Tipuloidea) to be the only family belonging to the Tipulo-
morpha. In Volume I of this Manual the Tanyderidae
were also included. but we have since found a more defen-
sible position for them as the sister group of the Ptychop-
teridae (see previous section and "Phylogeny of the
Infraorder Ptychopteromorpha"). Our proposed classifi-
cation is as follows:

I nfraorder Tipulomorpha
Family Tipulidae

Subfamily Tipulinae
Subfamily Cylindrotominae
Sublamily Limoniinae

Character states. Only one character state is used in
interpreting the relationship of the Tipulomorpha, which
here consists of the single family Tipulidae.

Larva

7. Head capsule with well-defined posterior margin,
not capable of complete withdrawal into thorax
(plesiomorphic) I posterior margin of head cap-
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sule desclerotized and shallowly to deeply
nolched (Figs. 7.82,7.87 88), with head capsule
capable of complete withdrawal into thorax
(apomorphic)

The characteristic, fully retractible head, along with
the desclerotized posterior margin of the head capsule, is
one of the most distinctive synapomorphies of the family
and is unique in the Nematocera. Larvae of the Brachy-
cera have undergone a somewhat similar modification,
although the desclerotization is in different areas. We as-
sume the condition in the Brachycera is convergent
because other concordant synapomorphies are not evident
and because the similarity is probably oniy superficial.

Discussion. The presence in both the Tanyderidae and
the Tipulidae of well-developed cervical sclerites and an
elongate antepronotum gives adults of these two families
a long-necked appearance. The feature was first thought,
during preparation of Volume I of this Manual, to be a
synapomorphy. However, no other character states have
been found to substantiate such a relationship, and this
arrangement was abandoned in favor of placing the
Tanyderidae as the sister group of the Ptychopteridae on
the basis of a shared synapomorphy in the legs of the male
adult. Apomorphies shared by the Ptychopteromorpha
(including the Tanyderidae) and Culicomorpha also sup-
port such a placement.

PHYLOGENY OF THE INFRAORDER
BLEPHARICEROMORPHA

Hennig's classification

Hennig (1913) did not recognize a separate infraorder,
the Blephariceromorpha, that we propose here. lnstead,
he included its members as two superfamilies, Bleph-
ariceroidea and Nymphomyioidea, in the Psychodomor-
pha as follows:

Superfamily Blephariceroidea
Family Blephariceridae

Subfamily Edwardsininae
Subfamily Blepharicerinae
Subiamily Paltostomatinae
Subfamily Apistomyiinae

Family Deuterophlebiidae
Superfamily Nymphomyioidea

Family Nymphomyiidae

He included these three families in the Psychodomor-
pha, along with the Psychodidae, Ptychopteridae, and
Tanyderidae, because they shared the coalescence of the
mesomeron with the mesoepimeron. This character state
had been recognized by Crampton (1925) as derived.
Hennig (1968) expressed reservations about this charac-
ter state as a synapomorphy and suggested that the af-
finities of the families possessing it were not understood.
He regarded the placement of the Nymphomyiidae in this
assemblage as particularly tenuous (Hennig 1913).
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Hennig (1973) based the superfamily Blephariceroidea
on the presence of a secondary network of folds in the
wing, resulting from its development in an expanded con-
dition within the pupal wing sheath before emergence of
the adult. ln all other insects, the wing is expanded only
after emergence (see character 14).

Status of the Nymphomyiidae

Hackman and Vdisd.nen (1982) recently resurrected
and supported Rohdendorfs (1964) contention that the
Nymphomyiidae (suborder Archidiptera) is the sister
group ofother extant Diptera (suborder Eudiptera). They
reiterated evidence given by Rohdendorf (1964, 1911)
and Cutten and Kevan (1970). We present here a more
detailed analysis of these arguments.

Rohdendorf"s original arguments for placing the Nym-
phomyiidae in the Archidiptera are unclear and we re-
gard most of the character states he cited as autapo-
morphies. These are as follows: pupal head prognathous;
adult with two large ocelli, each located behind the com-
pound eye; adult with large elongate thorax; adult with
two Malpighian tubules; and adult lacking a crop. The
first four characters appear to be unique and are autapo-
morphic. The last one, however, requires further investi-
gation. Adult Mecoptera and Siphonaptera also lack a
crop, which, although not broadly investigated, is a char-
acter state apparently present in most Diptera, although
it is lacking (presumably secondarily) in some Asilidae, in
Hippobosca Linnaeus, and in some Oestridae (Hennig
1973). Hence, lack of a crop may represent the plesio-
morphic condition; alternatively the crop may have been
lost in extant Nymphomyiidae, which apparently do not
feed.

Rohdendorf also included two fossil infraorders, the
Dictyodipteromorpha and Diplopolyneuromorpha, known
only from portions of wings, in the Archidiptera. The
character state used to support this grouping was an elon-
gate wing with parallel anterior and posterior margins.
We fail to appreciate either the significance of this char-
acter state or the accuracy of the observations.

Cutten and Kevan (1970) provided a more detailed
comparison of nymphomyiids with other Diptera. Of
these comparisons, only a few, discussed here, seem
signilicant to a phylogenetic placement of the
Nymphomyiidae.

. Larve with long, two-segmented prolegs on abdom-
inal segments I -8

We consider the two-segmented condition to be only
apparent, not representing true segmentation in the sense
of thoracic legs of other insect larvae. Deuterophlebiidae
larvae also exhibit a similar division of the leg; in both
these groups the terminal portion, including the terminal
hooks, can be withdrawn into the basal portion (Pulikov-
sky 1924), a condition not found in truly segmented iegs.
Cutten and Kevan (1970) also illustrated a muscle run-
ning the length of each leg, inserted at the apex of the ex-
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tended leg; this muscle presumably pulls the end of the leg
inside the basal portion, withdrawing the terminal hooks.
Although Cutten and Kevan (1970) compared this ab-
dominal proleg with those foun,C in Zeugloptera (Lepi-
doptera) and Mecoptera, we regard this condition as not
being homologous to that found in these outgroups. In-
stead, we consider the division between the two portions of
the leg to be merely a flexion line to allow this movement.

The presence of abdominal prolegs, with apices that
can be pulled inside a basal portion of the leg, seems, in
the Nematocera, to be restricted to Nymphomyiidae and
Deuterophlebiidae. However, sinrilar-looking prolegs also
occur in a few members of the llrachycera, e.g. Atherix
Meigen (Fig. 32.1) and L.(emerodromia Meigen
(Fig. a7.56), a state that we regard as convergent. We do
not know whether the apices of brachyceran prolegs can
be pulled inside or how they function.

. Pupa with articulated mandibles (decticous)

This character state would p,cssibly provide evidence
that the Nymphomyiidae could be the sister group of all
other Diptera, whose pupae aro adecticous. All known
pupae of Mecoptera are decticous, but those of Siphonap-
tera are not (see character 4 undr:r "Monophyly and Phy-
logenetic Origins of the Diptera"). However, we have
been unable to confirm Cutten and Kevan's statement,
either from specimens of pupae of Palaeodipteron walk-
eri lde, or from the literature, and we are unsure of the
basis for their assertion.

. Adult springing into the air on taking flight, by

Jlexing the abdomen (obse,,ved by Tokunaga 1956,
196s)

Adult Zeugloptera (Lepidoptera), Choristidae, and
Nannochoristidae (Mecoptera) are also reported to take
ffight in this fashion. If this chareLcter state is not found in
any other dipteran, it would be uniquely plesiotypic
within the Diptera. Unfortunately, the method of taking
flight is not well-enough studied in other taxa of Diptera
to use in phylogenetic interpretation.

Other characters mentioned by Cutten and Kevan
(1970) include: head capsule of larva with an epicranial
suture; apex of larval antenna llifurcate; larval eyespot
large; rostrum of larval head capsule projecting ante-
riorly; adult cerci possibly present; and a valvular oviposi-
tor possibly present, reported in rrnly one species of nym-
phomyiid, Felicitomyia brundini Kevan. None of these
character states seems unique 1.o the Nymphomyiidae,
nor is any described in sufficient detail to be sure of ho-
mologies with other Diptera. For example, large larval
eyespots of Nymphomyiidae were compared to those of
Culicidae, but in the latter they are actually developing
adult eyes and are not homologous. We feel that the larval
eyespots of the Nymphomyiidae are not significantly dif-
ferent from those of, for example, simuliid larvae.

Another unusual feature of I'll,mphomyia alba Tokun-
aga, described in great detail by Tokunaga (1935, 1936)
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and interpreted by him as a primitive condition among
Nematocera, is the presence in the adult male of eight
separate, discrete, abdominal ganglia. This character
state is apparently rare among adult Holometabola. To-
kunaga did not comment on the female, and his drawing is
of the male. Although neither Rohdendorf ( 1964) nor
Cutten and Kevan (i970) mentioned this character, it
may have influenced Rohdendorf when creating the
Archidiptera.

In a series of six consecutive papers, Brandt ( I 880a /)
described briefly the nerve cords of a wide range of in-
sects, especially of the orders Hymenoptera, Coleoptera,
Lepidoptera, Diptera, and Siphonaptera (as part of Dip-
tera). Although he dealt mostly with adults, he included
some larvae. A few examples, showing differing degrees
of coalescence of both thoracic and abdominal ganglia,
were illustrated in considerable detail, showing segmental
boundaries and lateral nerves and their destinations.
Among them were six different Nematocera: the larva of
Culex Linnaeus, and adults of Bibio Geoffroy, Psychoda
Latreille, Tipula Linnaeus, Chironomus Meigen, and
Sciara Meigen, as well as many Brachycera. The larva of
Culex was shown with eight separate, abdominal ganglia.
but in all the adults, of both sexes, the first abdominal
ganglion was fused with the metathoracic ganglion, and
the last two (7 and 8) were also fused. In Sciara, as in all
Brachycera, there was further fusion of abdominai
ganglia.

ln contrast, in three species of fleas he studied, all eight
ganglia were separate in the male, whereas in the female
the first abdominal ganglion was fused with the metatho-
racic ganglion, and the remaining seven ganglia were
separate.

In a study of several genera of Mecoptera, representing
four families, Potter (1938) also demonstrated fusion of
the first abdominal ganglion with the metathoracic gan-
glion as well as fusion of the seventh and eighth abdomi-
nal ganglia. In addition, she found sexual dimorphism
similar to that reported by Brandt for fleas; females of
some Mecoptera had one fewer abdominal ganglion than
did males. ln Merope Newman, she illustrated eight sepa-
rate abdominal ganglia in the male and only seven in the
female; in both, the first abdominal ganglion was located
quite close to the metathoracic ganglion. We conclude
that she identified the ganglia correctly from her state-
ments (p. 482), thaI "The first abdominal ganglion lies in
the metathorax, but innervates the first abdominal seg-
ment. The second ganglion lies in the first segment but
supplies the second." However, for the female of Panopa
Linnaeus, she illustrated six separate abdominal ganglia
but stated (p. 471) that "The metathoracic ganglion in-
nervates the spiracles of the first abdominal segment in
addition to those of the metathorax," which suggests to us
that the first abdominal ganglion has fused with the meta-
thoracic ganglion. ln Bittacus Latreille, she stated that
the first abdominal ganglion is fused with the metatho-
racic ganglion yet innervates the first abdominal segment,
and she illustrated this condition for both sexes.
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Although it is difficult to develop a clear transformation
series from the data available, evidently, at least in some
Mecoptera and in female fleas, there is fusion between the
first abdominal ganglion and the metathoracic ganglion in
the adult. Brandt showed this fusion for the Nematocera
he studied, as well as for all Hymenoptera, including a
representative of Symphyta (Brandt 1880c), all Coleop-
tera (Brandt 1880d), and all Lepidoptera (Brandt
1880e). In contrast, the larvae of Hymenoptera and Lepi-
doptera that he illustrated had eight separate, abdominal
ganglia. So widespread is this fusion throughout adult
Holometabola that we are tempted to consider it as a part
of the ground pian of members of this group.

Fusion of the seventh and eighth abdominal ganglia
(and often more) is also widespread in all the holometab-
olous orders, even among their supposedly oldest groups,
i.e. Symphyta (Brandt 1880c), Zeugloptera (Kristensen
and Nielsen 1981). At the very least there is widespread
homoplasy regarding fusion at the distal end of the nerve
cord. As a result we cannot regard Nymphomyiidae as the
sister group to the rest of the Diptera, as did Rohdendorf
(1964, 1977), Cutten and Kevan (1970), and Hackman
and Vdisdnen ( 1 982), in spite of the presence of eight sep-
arate ganglia. Rather, we believe the condition in Nym-
phomyiidae is best interpreted as derived, possibly by neo-
tenic retention of the larval condition.

Proposed classification of the Blephariceromorpha

Zwick (1911) provided an outstanding cladistic analy-
sis of the Blephariceridae and we have followed his subfa-
milial classification. Our classification is as follows:

Superfamily Blephariceroidea
Family Blephariceridae

Subfamily Edwardsininae
Subfamily Blepharicerinae (including
Paltostomatini and Apistomyiini)

Family Deuterophlebiidae
Superfamily N ymphomyioidea

Family Nymphomyiidae

Character states. In the following, we analyze charac-
ter states 8 19, used in interpreting relationships within
the Blephariceromorpha.

Larva

8. Abdominal segments without prolegs (plesio-
morphic) I each abdominal segment with a pair
of elongate prolegs, each with a protrusible apex
surrounded by several concentric rings oJ hook-
lets or by a group of setae (apomorphic)

Larvae of all instars of Nymphomyiidae and Deu-
terophlebiidae have paired, lateral, abdominal prolegs
with the recurved hooklets at their apices. There are eight
pairs in Nymphomyiidae but only seven pairs in Deu-
terophlebiidae, although a small pair of processes on the
last abdominal segment in the latter may be homologous
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to an eighth pair. In the Blephariceridae, only the first in-
star larvae have prolegs and these, too, may terminatc in
recurved hooklets or protrusible setae (Zwick 1977:
Figs. 23 28). These prolegs appear to be unique among
the Nematocera. Although they bear a superficial re-
semblance to abdominal prolegs in the Mecoptera and
Lepidoptera, we conclude that they are not homologous
(see discussion under "Status of the Nymphomyiidae").

9. Head and lhorax each distinct and thorax sepa-
rate Jrom first abdominal segment (plesio-
morphic) / head, thorax, and first abdominal
segment fused into a compact mass, the "cephalic
division" (Zwick I 977 ) (apomorphic )

Fusion of head, thorax, and first abdominal segment,
characteristic of all larvae of Blephariceridae, is one of
the most complex and distinctive synapomorphies of the
members of this family and is unique to them.

10. Abdominal segments without suction cups (plesi-
omorphic) / frsl six abdominal segments each
with midventral suction cup (Figs.8.7-8)
(apomorphic)

Among other Nematocera, only larvae of the psychodid
genus Maruin a Mtiller possess ventral suction cups.
These cups have a quite different structure and muscula-
ture from those of Blephariceridae, and we believe them
to have been derived independently from an ancestor with
a single, large, suction cup covering the ventral surface, as

is known in extant larvae of Horaiella Tonnoir. bv subdi-
vision of the single, large cup.

ll. Antenna short and simple, not particularly elon-
gate, nor bifurcate apically (plesiomorphic) /
antenna exceptionally long and thick relative to
body size, more than twice as long as head, bifur-
cating into ttl)o long, whip-like, transparent
branches (Fig. 9.2) (apomorphic)

Larvae of the Deuterophlebiidae are unique in having
long, bifurcate antennae. This feature may be correlated
with their rather rapid method of progressing over the
substrate.

Pupa

12. Pupa not directly cemented to its subslrate by
adhesive areas (plesiomorphic) / pupa flattened
ventrally, closely appressed to its substrate, at-
tached by three or four pairs of oval, adhesive ar-
eas (apomorphic)

Lateral adhesive areas, for pupal attachment to the
substrate, are apparently unique to pupae of the Bleph-
ariceridae and the Deuterophlebiidae. They are located
laterally on abdominal segments 3-5 in the Deuterophle-
biidae (Fig. 9.6), on segments 3-6 in the tribe Apistomyi-
ini, and on segments 4-6 in other Blephariceridae
(Figs. 8.14, 9.6). Although a comparative analysis has not
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been made, their appearance, function, and placement are
suliciently similar to suggest that they are homologous
and are a synapomorphy of the two families. Pupae of the
aquatic or subaquatic genus Ma'ruina (Psychodidae) are
also flattened ventrally and appressed to the substrate,
but they lack the adhesive organ:.

13. Head hypognathous (plesiomorphic) / head
prognathous (Figs. I 0.8- I 0) (apomorphic)

The prognathous pupal head of Nymphomyiidae is not
known in any other group of Diptera, Siphonaptera, or
Mecoptera and is, therefore, corrsidered to be a synapo-
morphy of the family.

14. Adult wing developing within pupal wing sheath
as a shrivelled version ort its fnal form, its mar-
gins matching those of wing sheath, with wing
expanding only during and after emergence (plesi-
omorphic) / wing reaching its .final size and
shape before emergence, folded upon itself lon-
gitudinally t'rNo or three times to fit confines of
wing sheath, and unfolding during emergence
(apomorphic)

This type of wing development, apparently unique to
the Blephariceridae and Deuterophlebiidae, was men-
tioned by Hennig (1913) as a sl/napomorphy of the two
families. We concur with his opinion. Edwards (1926:
120) included the Simuliidae u,ith the Blephariceridae
and Deuterophlebiidae because he incorrectly assumed
that they, too, possessed fully expanded, folded wings
before emergence. Wings of sinruliids, however, are ex-
panded during emergence.

Adult

15. All femora and tibiae eoch comprising a single,
undivided segment (plest'omorphic) / all femora
and tibiae each divided i',tto two parts by a mem-
branous area (Fig. 10.1) (npomorphic)

The apomorphic conditiorL is unique to the
Nymphomyiidae.

16, Meron represented by a small, triangular sclerite
(plesiomorphic) / meron large and rounded, as

fully developed behind the mid coxa as is the
katepisternum infront oJ the coxa (apomorphic)

This character state may be a synapomorphy of the
Deuterophlebiidae and Blephaniceridae, but it is by no
means unique to them; it is also characteristic of the
Axymyiidae, Perissommatidae, and some Tipulidae. The
thorax of the Nymphomyiidae is so modified that the
meron apparently has not yet been identified.

17. Male terminalia carried in various positions but
usually not reflexed dorsally (plesiomorphic) /
male terminalia reflexed dorsally, at least in pre-
served specimens, carried so lhat its morpholog-
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ically ventral surface is directed upwards
( Fig. 9. I ) ( apomorphic)

Males of both blepharicerids and deuterophlebiids, at
least as preserved specimens, carry their terminalia re-
flexed dorsally, and we suspect that this feature is another
synapomorphy of the two families. However, males of at
Ieast one blepharicerid, Bibioc'ephala grandis Osten
Sacken, carry their terminalia directed posteriorly when
alive, Furthermore, this character state may not be
unique among the Nematocera.

18. Gonocoxites independent from each other and
separate from slernite 9 (plesiontorphic) / gono-
coxites and sternite 9 fused into a single sclerite
(apomorphic)

The Blephariceridae and Deuterophlebiidae share the
apomorphic condition, in contrast with most other Nem-
atocera in which the gonocoxites and sternite 9 are inde-
pendent. However, this arrangement is not unique to
these two families but is also found in other Nematocera;
sometimes the two conditions even occur in the same fam-
ily (e.g. Tipulidae, Simuliidae, and Bibionidae). Nor is it
certain that we have interpreted polarity of this character
state correctly, for the gonocoxites ol thc Mecoptera are
also fused to one another, although they are separate from
sternite 9. Many Brachycera have gonocoxites and hi'-
pandrium fused, but other groups have the hypandrium
free. Stuckenberg (1973) has discussed this for some
Brachycera.

19. Aedeagus with a single, terminal opening corre-
sponding to a single, external opening of the com-
mon spermathecal duct in the female, J'ormed by
the union of three spermathecal ducts from the
three spermathecae (plesiomorphic) / aedeagus
with three long, slender Jilaments, each with a ter-
minal opening, correlated with three separate
spermathecal openings in the female
(apomorphic)

Downes (1968) drew attention to the presence of a
trifid aedeagus in the Tanyderidae, the Blephariceridae,
and the tipulid subfamily Cylindrotominae (except spe-
cies of Liogma Osten Sacken which have a bifid ae-
deagus) and suggested that this feature might represent
the primitive condition in the Nematocera. Since then,
however, a trifid aedeagus has been demonstrated in most
Stratiomyidae, some Asilidae, and some Scenopinidae.
The number of branches of the aedeagus is apparcntly
associated with the number of external soermathecal
openings in the previously mentioncd taxa. A trifid ae-
deagus may have arisen independently in each of these.
Hence, we treat it here as a synapomorphy of the Bleph-
ariceridae. Alternatively, the presence of a trifrd aedeagus
in the Tanyderidae, Blephariceridae, and Cylindrotom-
inae could suggest that these three taxa shared a common
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ancestor, as implied by Downes (1968). We consider such
a grouping unlikely in the light of other synapomorphies.

Discussion. We have been unable to elucidate the af-
finities of these three families with any great certainty.
Although members of each family are quite distinct and
differ from each other in all stages, we have offered here
strong evidence of a sister-group relationship between the
Blephariceridae and Deuterophlebiidae and have given
reasons for a possible relationship between these two and
the Nymphomyiidae. Nevertheless, we acknowledge that
the position of the last family remains somewhat tenuous.

Some conflicting evidence may suggest a sister-group
relationship between the Deuterophlebiidae and
Nymphomyiidae.

Adults of the Nymphomyiidae have a small, median,
membranous structure (possibly the labium), which is

directed forward and bears a pair of minute papillae (pos-
sibly the labella as described in Chapter l0). Adults of the
Deuterophlebiidae have a subcranial cavity but lack ali
traces of mouthparts. All other Nematocera have more or
less well-developed mouthparts with at least maxillary
palpi evident. We conclude that this condition can best be
explained as a result of convergent loss.

Both sexes of members of the nymphomyiid Palaeodip-
teron walkeri emerge from the pupal case fully winged,
but their wings are apparently shed soon afterward, for
most specimens have been collecled in a dealated condi-
tion, some in copulo, at considerable depths in the hypor-
heic zone (Cutten and Kevan i970). Males of Deu-
terophlebia Edwards apparently retain their wings
throughout their short lifespan, whereas females of
D. inyoensis Kennedy, captured as they flew toward a

swarm of males, shed them in captivity soon after their
capture (Wood, personal observalions). Pennak (1951)

and Kennedy (1960) found only dealated females of
D. coloradensis Pennak and D. inyoensis, respectively,
which they assumed had lost their wings accidentally or
from exertion. We suppose that deliberate shedding of
wings is an adaptation for reentry into fast-flowing water.
although there are apparently no observations on the
oviposition habits of the Deuterophlebiidae.

These two character states suggest a possible sister-
group relationship between the Nymphomyiidae and the
Deuterophlebiidae, although we find it diflrcult to regard
either one as being a synapomorphy, because of the con-
flicting evidence offered by the pupae. No blepharicerid is
known that sheds its wings, although an ancestor of this
family may have had the ability but had lost it. We have
chosen to regard the shared character states of the Deu-
terophlebiidae and Blephariceridae presented here as syn-
apomorphies and, hence, must consider the above two
similarities between the Nymphomyiidae and the Deu-
terophlebiidae as convergences.
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PHYLOGENY OF THE INFRAORDER
AXYMYIOMORPHA

Hennig's classif ication

The systematic placement of the single, small family
Axymyiidae has been debated ever since the type-genus
Axymyia McAtee was originally described. First associ-
ated with the Bibionidae (Coquillett 1909), then with the
Anisopodidae (Shannon 1921, Alexander 1942), the
group has most recently been placed in the Pachyneuridae
(Alexander 1965, Hennig 1913). Hennig regarded the
Pachyneuridae (including the Axymyiidae) and Peris-
sommatidae (which has extant representatives only in
Australia and Chile) as comprising the Section Pachy-
neuriformia as a portion of the infraorder Bibionomor-
pha, as follows:

Infraorder Bibionomoroha
Section Pachyneuriformia

Family Perissommatidae
Family Pachyneuridae (including Axymyiidae)

The assemblage was based on the simultaneous forked
condition of Rr*, and the unbranched condition of R.*,.
In other members of the Bibionomorpha, Rr*, is un-
branched, and the radial section, if it is forked at all, has
only two branches, Rr*, and Ro*r.

Proposed classification

We propose classifying the Axymyiomorpha as con-
taining the single family Axymyiidae, as follows:

Infraorder Axymyiomorpha
Family Axymyiidae

Character states. In the following, we analyze charac-
ter states 20-25, used in interpreting the monophyly of
the Axymyiidae, the only family in our Axymyiomorpha.

Larva

20, Labrum broad, flaltened, usually moderately
bilobate apically (plesiomorphic) / labrum in the
form of a small, conical, setose projection
(apomorphic)

The apomorphic condition seems peculiar to the
Axymyiidae and may be unique in the Nematocera. How-
ever, larvae of other families, e.g. the Blephariceridae and
Thaumaleidae, have laterally compressed, finger-like la-
bra, presumably as a result of the approximation of the
mandibles medially.

21. Mqndible broad and stout, terminating in inter-
locking teeth (plesiomorphic) I mandible longer
than broad, sharply pointed apically, with sec-
ondary tooth on inner margin (apomorphic)

In the plesiomorphic condition, found in the Tanyder-
idae, Pachyneuridae, and Bibionidae, the mandibles ap-
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pear to be adapted for crushing solid material, either for
food or for burrowing. Although thorough studies have
not been made, larvae of Axymyia spp. are apparently
incapable of chewing the wood tlLat they excavate to form
their chamber. Their mandibles arise close together me-
dially, and the extent of their movement is so limited that
only the sharp apices meet medially. Their molar surfaces
do not interact, and their mandibles are apparently only
capable of enlarging the chamber. Differences in the
structure, position, and action of the mandibles in pachy-
neurid and axymyiid larvae, as r.r'ell as differences in food
preferences and burrow shape (cLescribed in Chapters I I
and 12 of this Manual), have lecl us to conclude that the
wood-boring habits of the two grcrups are not homologous.

22. Maxilla well developed tJut having only a small
palpus (plesiomorphic) / marilla having a well-
developed palpus, but with the rentainder reduced
to afinger-like setose lobe (apomorphic)

The apomorphic condition appears to be unique to the
Axymyiidae.

23. Anal papillae, if present, no longer than one-third
the total body length (plesiomorphic) I anal pa-
pillae about one-half th'z body length or longer
(apomorphic)

Axyrnyiid larvae are unique alnong Diptera in possess-

ing such well-developed anal papillae. In most species the
papillae are also branched, but in an undescribed species
from wt:stern North America, thr: papillae are simple.

Pupa

24. .4bdominal tergite 8 lrcking siphon (plesio-
morphic) / abdominal tergite I with elongate si-
phon (Fig. I 1.7) (apomorphic)

Axynryiid pupae are the only Diptera known to have an
abdominal siphon. We believe this organ is homologous
with the larval siphon (Fig. 1 1.6) and may have a respira-
tory function. It bears apically a reduced set of spicules
similar lo that of the apex of the lirrval siphon.

Adult

25. iiurface of scutum variable, either glossy, prui-
nose, or a combination of these (plesiomorphic) /
licutum with pair of darA:, oval, shiny spots near
middle (apomorphic)

The apomorphic condition is urrique to the Axymyiidae.

Discurssion. We conclude that the forked c,ondition of
R, *, is probably plesiomorphic and that other features of
the Axymyiidae show no hint of a synapomorphy with the
Pachynrluridae or Perissommatidae.

Hennig (1973) noted that an uLndescribed female from
Alaska, known only from a single, damaged female in the
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Canadian National Colleclion in Ottawa. shared a weak-
ening of the base of the vein M with the Perissommatidae.
We have reexamined this specimen in some detail and,
though there is evidence of an affinity with the Axymyi-
idae, we fail to identify any synapomorphy shared with
the Perissommatidae. Our investigations indicate a rela-
tionship between Perissommatidae and members of the
Psychodomorpha where it is discussed in more detail.

We have proposed a new infraorder, the Axymyiomor-
pha, for the Axymyiidae because we cannot find any syn-
apomorphies that show conclusively to what other taxa it
may be related.

PHYLOGENY OF THE INFRAORDER
BIBIONOMORPHA

Hennig's classif ication

Hennig (1973) included four sections, the Pachyneuri-
formia, Anisopodiformia, Bibioniformia, and Myceto-
philiformia, in this infraorder. He presented only one
character state, the reduction of the costa at the posterior
margin of the wing, as a synapomorphy of the group. He
also noted that no more than two soermathecae had been
demonstrated in members of the dibionomo.pha. As the
primitive number in the Diptera was presumed to be
three, Hennig implied that this reduction might also be a
synapomorphy of the group. Contrary to this hypothesis,
however, bibionid females have three spermathecae
whereas those of Anisopodidae have one to three.
Changes in the number of spermathecae have occurred in
so many lineages within so many families of Nematocera,
that we do not consider this character state to be a trust-
worthy indicator of relationship. Finally, the belief that
possession of three spermathecae is plesiomorphic in the
Diptera may be questioned. Outgroup comparisons show
that members of the Siphonaptera have one to two sper-
mathecae and those of the MecoDtera have one. Within
Nematocera, at least, some or all mcmbers of each of the
following families have only one spermatheca: Tipulidae,
Cecidomyiidae, Psychodidae, Anisopodidae, Scatopsidae,
Dixidae, Corethrellidae, Culicidae, Simuliidae, and
Ceratopogonidae.

Additional, uninterpreted features of the Bibionomor-
pha mentioned by Hennig include the absence of aquatic
larvae and the loss of the blood-sucking habit, with con-
comitant loss of mandibles. Hennig's classification, based
almost entirely on apparently derived conditions of the
wing venation, was as follows:

lnfraorder Bibionomoroha
Section Pachyneuriformia

Family Perissommatidae
Family Pachyneuridae (including
Axymyiidae)

Section Anisopodiformia
Family Anisopodidae
Family Cramptonomyiidae
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Section Bibioniformia
Family Hesperinidae
Family Bibionidae

Section Mycetophiliformia
Superfamily Scatopsoidea

Family Hyperoscelidae
Family Scatopsidae

Superfamily Cecidomyioidea
Family Lestremiidae
Family Cecidomyiidae

Superfamily Mycetophiloidea
Family Ditomyiidae
Family Diadocidiidae
Family Keroplatidae
Family Bolitophilidae
Family Mycetophilidae
Family Sciaridae
Family Baeonotidae (placed here
provisionally)

Proposed classif ication

By our definition the infraorder Bibionomorpha con-
tains most of the families included by Hennig. We have
rearranged the elements, however, into three superfami-
lies, the Pachyneuroidea, Bibionoidea, and Sciaroidea,
with the important exclusion of five families, the Aniso-
podidae, Synneuridae (which Hennig called Hyperosce-
lididae), Scatopsidae, Perissommatidae, and Axymyi-
idae. We have combined the Perissommatidae,
Anisopodidae, Scatopsidae, and Synneuridae with the
Psychodidae and Trichoceridae to constitute the Psycho-
domorpha on what we believe to be shared derived char-
acter states in the larval mouthparts. We have excluded
the Axymyiidae simply because we lacked definite ev-
idence of their affinities with the Bibionomorpha proper;
we found no synapomorphies and deemed the similarities
that seem to exist to be superficial.

We have treated the Cramptonomyiidae (sensu
Krivosheina and Mamaev 1970 and Hennig 1973) as a
subfamily of the Pachyneuridae, because complex details
of the male terminalia. which we believe to be derived
character states, are shared by all members of both taxa.
We have combined the Hesperinidae with the Bibionidae,
as a subfamily, because of the presence of synapo-
morphies in larvae of Hesperiru;s Walker, and other
bibionids. For the same reasons, we have treated the Le-
stremiidae as a subfamily of the Cecidomyiidae. The
Mycetophilidae sensu lato,however, present a more com-
plex problem. Although treated here as a single family, in
keeping with North American tradition, it is probably
paraphyletic. Unfortunately the entire group is not yet
well enough understood to interpret phylogenetic rela-
tionships in any detail. Some authors have regarded the
Sciaridae as being merely a subfamily of the Mycetophil-
idae, whereas others have excluded it from the Myceto-
philidae probably to avoid having to deal with it. Whether
or not it is the sister group of the Cecidomyiidae will have
repercussions on the ranking of the other subgroups of
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Mycetophilidae. Some evidence is discussed later that
suggests sciarids have arisen within the Mycetophilidae
and that a sister-group relationship exists between
sciarids and cecidomyiids. Because we have been unable
to resolve the question of how the subfamilies of Myceto-
phiiidae are related to one other, we have retained the
Sciaridae here as a separate family.

We have placed, as an unjustified cladogram, the
Bibionidae and Pachyneuridae as successive sister groups
to the monophyletic Mycetophilidae, Sciaridae plus Ceci-
domyiidae lineage. This interpretation is based on what
we perceive as a phenetic grade and, therefore, has no log-
ical basis. Clearly, a major effort needs to be made to in-
terpret the relationships between the families we include
here in the Bibionomorpha.

In this Manual we have included the enigmatic genus
Baeonotus Byers, given family rank by Byers (1969) and
followed by Hennig (1973), in the Cecidomyiidae because
of two synapomorphies, the rather regular arrangement
of setae on the flagellomeres and the lack of tibial spurs.
Our proposed classification, based on the phylogenetic
analysis below, is as follows:

Infraorder Bibionomornha
Superfamily Pachyneuroidea

Family Pachyneuridae
Subfamily Pachyneurinae
Subfamily Cramptonomyiinae

Superfamily Bibionoidea
Family Bibionidae

Subfamily Hesperi ninae
Subfamily Bibioninae

Tribe Pleciini (subfamilial rank in Ch. 13)
Tribe Bibionini

Superfamily Sciaroidea (Mycetophiloidea a junior
synonym)

Family Mycetophilidae
Subfamily Ditomyiinae
Subfamily Boletophilinae
Subfamily Diadocidiinae
Subfamily Keroplati nae
Subfamily Lygistorhininae
Subfamily Manotinae
Subfamily Sciophilinae
Subfamily Mycetophilinae

Family Sciaridae
Family Cecidomyiidae

Subfamily Lestremiinae
Subfamily Porricondyli nae
Subfamily Cecidomyiinae

Character states. In the following, we analyze charac-
ter states 26 36, used in interpreting relationships within
the Bibionomorpha.

Larva

26. Head capsule and mouthparts complete and of
normal size (plesiomorphic) / head capsule mi-
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nute, reduced to a tiny cone at the anterior end of
the larva, with stylet-like mandible (Figs. 16.5,
16.7-9)(apomorphic)

A reduced head capsule with minute styliform mandi-
bles is one of the most distinctiv,; synapomorphies of the
Cecidomyiidae (see also discussion of postgenal lobes
below). This character state is unique within the Nem-
atocera. Although larvae of the lSynneuridae also have a
reduced head capsule, we believe: that the feature is con-
vergent because details differ and other charrlcter states
suggest that this family belongs in the Psychodomorpha.

27. Cardo free from anterior margin of head capsule
(Fig. 3.2) (plesiomorphic,t / ,orOo t sed with, or
closely appressed to, ante,rior margin o.f head cap-
sule (apomorphic)

Fusion, or at least close asso,:iation, of the posterior
edge of the cardo with the adjacent margin of the head
capsule is found only in the Mlrcetophilidae (including
Ditomyiinae) and the Sciaridae. Little information is
available for the Cecidomyiidae. Petralia et al. (1919:
Figs. 3,4) show the base ofthe nraxillae fused to the cra-
nium in larvae of Contarinia sorghicola (Coquillett). We
assume that this condition is widespread in the family.
Otherwise the apomorphic condition appears to be unique
in the Nematocera.

28. Postgenal lobes more or less meeting midven-
trally toJorm a hypostonrul bridge (Ft'gs. 14.100,
14.102) (plesiomorphic) / lobes meeling in two
places, enclosing a pyriJbrm membrunous area
(Fig. I 5. 3 3 ) (apomorphic)

This peculiar and apparently unique conditi,cn seems to
be a synapomorphy of the Sciaridae.

29. Thoracic prosternum unsclerotizetl (plesio-
morphic) / a rod-like sclerite, the sternal spat-
ula, present on ventral surface of prothorax
(apomorphic)

A sternal spatula is found in rnost Cecidon,yiidae, al-
though it is missing in a few dr;rived members, and is
unique to that family.

30. Metathoracic spiracle prssent (plesiomorphic) /
metathoracic spiracle absent (apomorp'fuig1

Among larvae of Diptera, only those of Pachyneura
Zetterstedt and the Bibionidae (including llesperinus)
possess a metathoracic spiracle. lf its loss is a reliable in-
dicator of relationship, this feature could be a s,ynapomor-
phy of the subfamily Cramptomyiinae and the Myceto-
philid-sciarid-cecidomyiid lineage. AlterneLtively, as
interpreted here, it could have been lost independently in
the two groups as well as all other Diptera. ,r\ metatho-
racic spiracle is present in the Nannochoristidae.

31, Intersegmental fssures each continuctus around
body (plesiomorphic) / intersegmental l6ssures not
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continuous laterall), rother, with dorsal and ven-
tral fissures of each segment not aligned with one
another (Figs. I 3.1 2 l4) (apontorphic)

In nondipterous hoiometabolous insect larvae and in
larvae of all other Diptera, each body segment is deline-
ated by a continuous intersegmental fissure that encircles
the body. The separation and displacement of the dorsal
and ventral portions of each fissure is unique in the
Bibionidae and, thus, is considered a synapomorphy ofthe
family, one shared by Hesperimzs and members of the
Bibioninae.

32. Somatic and germ cells with an equal number of
chromosomes (plesiomorphic) / elimination oJ
some chromosomes in the somatic cells, resultins
in an unequal number in the gernt and somatic
cells (apomorphic)

According to White (1973) some chromosomes are
eliminated in the somatic cells of Sciaridae (about 20 spe-
cies of Sciara Meigen and one species of Plastosciara
Berg were studied). Matuszewski (1982), in his summary
of the literature, listed 26 genera of cecidomyiids that
exhibit chromosome elimination (all that were studied).
Although such an elimination is not unique within the
Nematocera in that it is also present in the distantly re-
lated chironomid subfamily Orthocladiinae, this feature
probably is a synapomorphy of the Sciaridae and
Cecidomyiidae.

Adult

33. Compound eyes separated dorsally (plesio-
morphic) I each compctund eye with a medially
directed extension meeting dorsally in the Jbrm of
aneye bridge (Figs. 15.1, l6.l) (apomorphic)

The shared presence of an eye bridge in the Sciaridae
and the Cecidomyiidae (secondarily lost in a few) has led
us to postulate a sister-group relationship between these
two families. Among other Diptera, a similar eyc bridge is
only present in the Scatopsidae and Synneuridae. How-
ever, we believe that the condition has develooed in those
two families independently because of the presence of
apomorphies suggesting a relationship between the Sca-
topsidae and members of the Psychodomorpha.

34. Setae of flagellomeres arranged haphazardly
(plesiomorphic) / setae of flagellomeres ar-
ranged in encircling rows or whorls (apomorphic)

Although subject to much variation, the flagellomeres
of almost all cecidomyiids have their setae arranged in
rows; sciarids and mycetophilids usually do not. This
character state is not unique to the cecidomyiids, how-
ever, for various families of Culicomorpha, particularly
the males, also have setae arranged in whorls.

35. Tibial spurs present (plesiomorphic) I tibial
spurs absent (apomorphic )
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Tibial spurs are apparently present in all members of
the Bibionomorpha but are lacking in the Cecidomyiidae.
Therefore, their absence is considered here as being a syn-
apomorphy of that family. The character is otherwise var-
iable in other Nematocera and nrovides no further ev-
idence for polarization.

36. Gonostyli usually pointed and, whenflexed, usu-
ally overlapping each other at midline; paremeres
and cerci not overhung by hood-like abdominal
tergite 9; apices of gonostyli and apicoventral
margin of tergite 9 with spicules and elongate se-
tae (plesiomorphic) / gonostyli short and club-
shaped, their apices meeting medially beneath
rounded or truncate apex of abdominal tergite 9
that overhangs most of terminalia (Figs. 12.3 4),'

apices of gonostyli and apicoventral margin of
tergite 9 studded with short setae (Figs. I 2.3-4)
(apomorphic)

Other male Nematocera, including other members of
the Bibionomorpha, have the plesiomorphic condition. A
few members of the Sciaridae (Fig. 15.20) also have
short, stout, clubbed gonostyli, but tergite 9 does not ex-
tend as far posteriorly and does not cover the cerci and
parameres completely in dorsal view. Both the hood-like
abdominal tergite 9 of Pachyneuridae, which overhangs
all of the terminalia except for the gonostyli and the distal
portions of the gonocoxites and which is studded ven-
troapically with dense short setae, and the short, clubbed
gonostyli, which are also studded apically with short se-

tae, are apparently peculiar to the Pachyneuridae and are
regarded as a synapomorphy of that family. Although not
studied carefully or compared widely to other members of
the infraorder, the fused parameres of Pachyneuridae,
which are lobed and folded complexly to form more than a

single flange dorsal to the aedeagus, also appear to be
unique to Pachyneuridae (Fig. 12.4).

Discussion. Although Hennig (191 3, I 98 1 ) had no res-
ervations about regarding this infraorder as being mono-
phyletic, this hypothesis is not substantiated by convinc-
ing synapomorphies. The absence of mandibles in adult
females is undoubtedly a derived character state but is
subject to much homoplasy throughout the Nematocera
and may not be meaningful in the case of this infraorder.

Neither have we been able to suggest a synapomorphy
to support the concept of the Bibionomorpha. Although
Pachyneuridae is suggested as being the sister group of
the remaining Bibionomorpha and Bibionidae as the sis-
ter group of Sciaroidea, we have been unable to provide
supporting synapomorphies. The arrangement reflects a
phenetic similarity between the taxa that we intuitively
believe to be correct.

The presence of eight pairs of abdominal spiracles in
the larva has been assumed by all authors to be plesio-
morphic. Although no one has demonstrated the likeli-
hood of reappearance of abdominal spiracles after they
become vestigial, this evolutionary step may not be impos-
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sible (Gould 1980). Most other aspects of the larva, such
as the heavy, chewing mandibles, have also been consid-
ered plesiomorphic, but they may not be. A detailed com-
parison of larvae of the Bibionomorpha with those of Si-
phonaptera and Mecoptera might establish the former as
the most plesiomorphic larval form in the Nematocera,
but would, thereby, not support the hypothesis of mono-
phyly of the Bibionomorpha.

We have attempted to interpret the phylogenetic rela-
tionships within Sciaroidea. Although we present the
Mycetophiiidae as the sister group of the Sciaridae plus
Cecidomyiidae, some evidence suggests strongly that the
Mycetophilidae are paraphyletic. The first character state
supporting this conclusion is the unique, flattened, and
heavily sclerotized maxilla of larvae of Sciaridae and all
Mycetophilidae other than Ditomyiinae. The maxillae
have a serrated anterior margin with the teeth directed
opposite to those of the mandible. They are probably used
to tear fungal hyphae. The Cecidomyiidae do not have
serrate maxillae but their maxillae are very largc (relative
to other mouthparts) and, in this regard, are similar to
Sciaridae and Mycetophilidae other than Ditomyiinae.

A second character suggesting paraphyly of the Myce-
tophilidae is the loss of the eighth abdominal spiracle of
larvae of Sciaridae and all Mycetophilidae other than
Ditomyiinae. All other Bibionomorpha including Ceci-
domyiidae have the eighth spiracle. We would assume
that, if cecidomyiids are the sister group of sciarids, this
character has reverted to the plesiomorphic condition.

These two character states indicate that the Ditomyi-
inae are the sister group of all other Mycetophilidae plus
Sciaridae plus Cecidomyiidae. We have been unable to
resolve further which specific group of the remaining
mycetophilids may be the sister group of sciarids and ceci-
domyiids. Pla,;hter (1919) provided a detailed morpho-
logical study of larvae of Mycetophilidae but unfortu-
nately did not provide a rigorous phylogenetic analysis of
his data. In one scheme he suggested that the Diadocidi-
inae and Mycomyiinae (treated as the tribe Mycomyini in
Volume I of this Manual) were mostly closely related to
Sciaridae.

In conclusion, we can only recommend a continued
search for more character states that are synapomorphic,
which can support or reject those already put forward.

PHYLOGENY' OF THE INFRAORDER
PSYCHODO]\IIORPHA

Hennig's clas;sif ication

Hennig's ( I 973) Psychodomorpha included four super-
families, the Blephariceroidea, Nymphomyioidea, Pty-
chopteroidea, and Psychodoidea, an assemblage he ad-
mitted was of questionable monophyly. This assemblage
was based on rlhe shared coalescence, in the mesothorax,
of the meron vrith the katepimeron. a character state that
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he believed was derived, althouplh with reserrations. He
was particularly doubtful about the inclus,ion of the
Blephariceroidea and Nymphornyioidea in this assem-
blage. Hennig's classification was as follows:

I nfraorder Psychodomorpha
Superfamily Blephariceroidea

Family Blephariceridae
Subfamily Edwardsinirrae
Subfamily Blepharicerinae
Subfamily Paltostomatinae
Subfamily Apistomyiinae

Family Deuterophlebiidar:
Superfamily Nymphomyioidea

Family Nymphomyiidae
Superfamily Ptychopteroidea

Family Tanyderidae
Family Ptychopteridae

Subfamily Ptychopterinae
Subfamily Bittacomorp,hinae

Superfamily Psychodoidea
Family Psychodidae

Subfamily Bruchomyiinae
Subfamily Phlebotominae
Subfamily Trichomyiinae
Subfamily Psychodinae

Proposed classif ication

Our composition of this infrac,rder, presented here for
the first time, differs fundamentally from anl,other pro-
posed arrangement. We have grouped the six families in
our Psychodomorpha on the basir; of what we interpret as
apomorphic larval features. Such features have pre-
viously been regarded as plesiomorphic but litl.le evidence
exists for such an interpretation. Our classification of this
infraorder is as follows:

Superfamily Psychodoidea
Family Psychodidae

Subfamily Bruchomyiinae
Subfamily Phlebotominae:
Subfamily Trichomyiinae
Subfamily Psychodinae

Superfamily Trichoceroidea
Family Perissommatidae
Family Trichoceridae
Family Anisopodidae

Subfamily Mycetobiinae
Subfamily Anisopodinae

Family Scatopsidae
Subfamily Apistinae
Subfamily Scatopsinae
Subfamily Ectaetiinae
Subla mily Psect rosciari nrLe

Family Synneuridae

Character states. In the follorving, we analyzed char-
acter states 37-50, used in interpreting relationships
within the Psychodomorpha.
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Larva

37. Head capsule and mouthparts complete, well de-
veloped, and strongly sclerotized (plesio-
morphic) I head capsule greatly reduced and
membranous, with mouthparts unsclercttized and
indistinct (Fig. 2l .6) (apomorphic)

Hutson (1911:94) listed the character states that are
common to larvae of three of the four genera of Synneur-
idae (which Hutson treated as two families, Synneuridae
and Canthyloscelidae), namely Canthyloscelis Edwards,
Hyperoscelis Hardy and Nagatomi, and Synneuron
Lundstrom. All three seem to be rather similar. and their
most unusual feature is the reduction of the head caosule
to a weakly sclerotized cephalic plate with rather piomi-
nent antennae and scarcely developed mouthparts. We
strongly suspect that this complex, as well as considerable
reduction, accompanied as it must be by specialized feed-
ing habits, is a synapomorphy of the three genera and pre-
sumably of Exiliscelis Hutson as well, although the larva
remains unknown. Hutson (1911\ contended that the
Scatopsidae are derived from Synneuron as a terminal
branch of one of four lineages making up the Synneuridae
plus Canthyloscelidae. If his contention is so, the hcad
capsule of the larva must have been lost at least twice
(thrice if the larva of Exiliscelis also lacks a fully formed
head capsule), or else a fully formed head capsule must
have been reacquired in the Scatopsidae. We consider
both of these possibilities unlikely and have abandoned
Hutson's cladogram (his Fig. 26) in favor ol a sisrer-
group relationship between the Scatopsidae and the
Synneuridae.

Discussion of the other proposed synapomorphies that
may be relevant to the sister-group argument between the
Scatopsidae and the Synneuridae (Hutson 1977) follows.

38. Labrum flattened dorsoventrally and u.sually
bilobate (plesiomorphic) / labrum conical or
wedge-shaped, rounded, or pointed anteroven-
trally, more or less covered apically and ventrally
with backwardly pointing hairs (apomorphic)

A conical setose labrum. found in all members of this
infraorder except Synneuridae and the psychodid genera
Phlebotomus Rondani and Trichomlia Curtis, may be a
result of closer approximation of the mandibles; however,
its setation and musculature suggest that it plays a role in
feeding on particulate lood. This feature is not unique to
this infraorder; it is also characteristic of the Bleph-
ariceromorpha and Thaumaleidae, in which the mandi-
bles are also closely approximated medialiy. We presume
that the condition in the three taxa is conversent.

39. Premandible in the form of a simple, small, un-
adorned sclerite, serving only as the point ofinser-
tion of the labral retractor muscles (plesio-
morphic) / premandible in the form of a rounded
or oval sclerite with a comb-like row of evenly
spaced, anteriorly projecting teeth, presumably
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operated by the labral retractor muscles to comb
the mandible or maxilla (Figs. 3.5, I14.3)
(apomorphic)

The presence of such a row of teeth on the anterior edge
of a circular or oval premandible is apparently unique to
the Psychodidae, Trichoceridae, Perissommatidae, Sca-
topsidae, and Anisopodidae and is one of the most con-
vincing pieces of evidence of the monophyly of the in-
fraorder here presented. Colless (1962) misidentified the
premandibles of the Perissommatidae as parts of the hy-
popharynx. Careful examination has shown, however,
that these structures are dorsal to the mandibles and ao-
pear to be on the ventral surface of the labrum.

Keilin and Tate ( 1940) found only a vestige of the pre-
mandible in the psychodid genus Trichomyia, a rather
specialized wood-borer, in which the entire particulate
food-gathering method of feeding presumably has been
lost or modified.

40. Torma Jused with, and appearing as an extension
from, the dorsal labral sclerite (plesiomorphic) /
torma articulated with the dorsal lqbral sclerite
(apomorphic)

This articulation, which would allow greater mobility
in the premandible, may be linked to the presence of its
rorv of teeth. In the Culicomorpha, the torma is also arlic-
ulated. In the Culicoidea. the torma is disassociated from
the dorsal labral sclerite to permit mobility of the labral
brushes; we presume this disassociation to be either con-
vergent or a further step in a transfbrmation series lead-
ing from a psychodomorph ancestor, through an ancestor
of the Ptychopteridae, to the Dixidae. If the latter is true,
this synapomorphy might group the Psychodomorpha,
Ptychopteromorpha, and Culicomorpha.

We have been unable to identify a torma in the Peris-
sommatidae, perhaps because of the weak sclerotization
of the mouthparts in general.

41. Mandibular movement in a more or less horizon-
tal plane, with the mandibles striking each other
apically when adducted (plesiomorphic) /
movement in a nearly vertical plane as a result of
a shift in position of the condyles (Fig. 3.11), with
the mandibles striking the onterior edge of the
hypostoma or the hypostomal teelh (apomorphic)

Although there is a trend in the Blephariceromorpha,
Ptychopteromorpha, and Culicomorpha for the mandi-
bles to shift their plane of movement to the vertical, only
in this infraorder is the shift so marked. The brachyceran
mandible operates in the same way. Therefore, this char-
acter state may not be a synapomorphy of the Psychodo-
morpha alone but might also include the Brachycera.

The only exception to the apomorphic condition is in
the Perissommatidae, in which the mandibles appear to
move in an oblique plane. This character may suggest that
the Perissommatidae may in fact be the sister group to the
rest of the Psychodomorpha.
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ibr br

md

tm

mx plp

eprpnar 0

rel mus

3. Trichoptera sp. 4. Protoplasa fitchii

lbr c0mpr mus

prem0

lbr ret mus

5. Bittacomorpha clavipes 6. Bittacomorpha clavipes

Figs. I 14.3-6. Details of labra and associated muscles of the left side of thc hcad capsule of various Nematocera
(mid-ventral part of head capsule and all contents except labral n.ruscles removed): ventral views of (3) Trit'hocera
sp. (Trichoceridae); (4) Protoplasaftcftri Osten Sacken; and (5) Bittacomorpha clavipes (Fabricius) (Ptychoptcr-
idae); lateral view of (6) B. clavipes.

Abbreviations: ant, antennae; epiphar b, cpipharyngeal bar; lbr br, labral brush; lbr compr mus, labral compres-
sor muscle; lbr ret mus, labral retractor muscle; md, mandible; mx plp, maxillary palpus; premd, prcmandible; tn-r,
torma.
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42. Mandible with teeth confined to the apex (plesio-
morphic) I mandible in the shape of a chela
(Fie. 3.a)with a small, subbasal, thumb-like pro-
jection curving toward the apex of the mandible
(apomorphic)

This peculiarly shaped mandiblc, here considered a
synapomorphy of the infraorder, seems to be uniquc to
this group. The Perissommatidae also have a subbasal
projection on the mandible but this is dirccted medially.

43. Toothed apical portion of mandible solidly fused
b,ith base (plesiomorphic) I apical portion of
mandible separated from the base by a less
strongly sclerotized line of weakness
(apomorphic)

Both Anthon (1943) and Hennig (1973) regarded the
line of weakness to be evidence of segmentation and thus
plesiomorphic. However, we strongly contcst such an in-
tcrpretation. No other mandibulatc pterygote has such a
condition and certainly the pterygote mandiblc is primr-
tively unsegmented. The transvcrse division found in the
Trichoceridae, Scatopsidac, and Anisopodidae must be
secondary.

A similar condition is also found in the Ptychopteridae.
If homologous, it could be a syna.pomorphy of these three
families plus the Ptychopteridae (as discussed under the
section "Phylogeny of the lnfraordcr Ptychopteromor-
pha")' therefore, these three families of Psychodomorpha
would form a paraphyletic group. Although we havc pre-
sented an alternative hypothesis, more study is needed of
the possible relationship of the Ptychopteridae to these
three families.

Because of inadequate material, we were unable to as-
sess this character for the Perissommatidae. However.
there may be a line of weakness near the base of the
toothed, medial, mandibular projection.

Otherwise the apomorphic character state is unknown
elsewhere in the Nematocera.

44. Cardo in the form of a clearly delineated sclerite
(plesiomorphic) / cardo reduced, mainly mem-
branous (apomorphic)

In the Trichoceridae, Perissommatidac, Scatopsidae,
and Anisopodidae the maxiila is mainly membranous and
the area is covered with backwardly pointing setae form-
ing a characteristic pattern, unique in the Diptera. This
feature is, therefore, considered to be a synapomorphy of
the four families.

45. Maxillary palpus well developed and palpform
(plesiomorphic) / maxillary palpu.s reduced to a
dis c-li ke s c I e rot i z e d r i ng ( apomor phic )

In the Trichoceridae, Perissommatidae, Scatopsidac,
and Anisopodidae the maxillary palpus is flush with the
surface of the maxilla, recognizable only by a ring of chi-
tin surrounding the sensilla. This character, which ap-
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pears to be unique in the Nematocera, may be intimately
correlated with the previous one, as a result of the way in
which the larva presses the ventral surface of the head to
the substrate while feedine.

46, Hypostomal qrea fully sclerotized, J'orming a
hypostomal bridge (plesiomorphic)/hypostomal
are a membr anous ( apomorp hic )

Larvae of nearly all Nematocera have some degree of
closure of the head capsule ventrally between the foramen
magnum and the labiohypopharynx, and psychodid lar-
vae have this connection well developed. Larvae of other
families, however, notably the Tipulidae and the families
of the Culicomorpha, also have a well-developed hy-
postomal bridge crowned anteriorly with a row of hy-
postomal teeth, against which the mandibles strike when
adducted. The interpretation of this region is controver-
sial. Some authors consider the bridge to incorporate por-
tions of the labium (e.g. the mentum), whereas others (for
example Anthon 1943) regard it as a fusion of the sub-
genal Iobes, displacing the labium anteriorly (see discus-
sion in Ch. 3, p. 68). It is even more dilircult to establish
whether such a well-developed hypostomal bridge
crowned with a row of teeth as it appears in the Tipulidae,
Psychodidae, and Culicomorpha represents the primitive
condition in the Diptera, whether this feature is an inter-
mediate development that might be a synapomorphy rep-
resenting a particular lineage, or whether it encompasses

two or three independent developments.

In forms with a well-developed hypostomal bridge, the
tentorium is usually reduced, even vestigial, and the
transverse tentorium is usually absent. The reduction of
the tentorium of most Nematocera may have occurred
because the bridge serves to strengthen the head capsule
and perhaps replaces the transverse tentorium, which ren-
ders it obsolete. In support of this idea, larvae of the An-
isopodidae, which have no hypostomal bridge at all, have
a remarkably well-developed transverse tentorium. How-
ever, the presence of both a well-developed hypostomal
bridge and transverse tentorium in the Perissommatidae
mry rcfute this concept.

Anthon (1943) concluded that the presence of a trans-
verse tentorium represented the primitive condition
because it was the usual condition in primitive insects.
Larvae of Nannochoristidae and Siphonaptera also have
transverse tentoria. This hypothesis, that the anisopodid
larva represents the most primitive type of dipterous head
capsule because of the presence of a fully sclerotized
transverse tentorium, is difhcult to refute. Nevertheless,
we hesitate to agree with this conclusion. Instead, we pre-
fer to suppose that the anisopodid and perissommatid
transverse tentoria are a de novo development, a reforma-
tion and resclerotization of a transverse connection, a con-
dition that is apparently not present in the other families
of Diptera.

Among the families of the Psychodomorpha, the hy-
postomal bridge is most extensive in the Psychodidae and
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the tentorium is correspondingly vestigial. ln the Tricho-
ceridae the bridge is reduced to a transverse band joining
the posterior corners of the head capsule (superficially
resembling a transverse tentorium), and although the an-
terior and posterior tentorial arms are complete, a trans-
verse tentorium is lacking. ln the Scatopsidae, which ap-
pear to lack a tentorium, and in the Anisopodidae, which
have the most extensive and heavily sclerotized tentorium
of all, the hypostomal bridge is nonexistent. We have in-
terpreted reduction ofthe bridge to be a derived feature.

Adult

47. Antennal flagellomeres with only hair-like pig-
mented sensilla and lackinp membranous sensilla
(plesiomorphic) / anrennal flagellomeres with
membranous sensilla (Figs. I 7.2-9 ) (apomorphic)

Almost all members of Psychodidae have membranous
sensilla on at least some of their flagellomeres and those
lacking these sensilla must have lost them secondarily.
The character state is nearly unique within Diptera but at
least many Cecidomyiidae also exhibit similarly modified
sensilla (e.g. Figs. 16.46-49).

48. Two or more palpal segments present (plesio-
morphic) / only one palpal segment present
(apomorphic)

Although Scatopsidae are the only members of our Psy-
chodomorpha to have only one palpal segment, some
other Nematocera also exhibit the condition. ln some
families, such as the Cecidomyiidae, Tipulidae, and My-
cetophilidae, only a few members have one palpal seg-
ment, which must have resulted from secondary loss. In
other families, for example the Nymphomyiidae and Deu-
terophlebiidae, in which the palpus is lacking, absence of
the palpus may be an autapomorphy of the family. We
believe these examples to be convergent with those of the
Scatopsidae, although the possibilities of parallelism and
the potential weakness of the character state as an indica-
tion of monophyly are evident.

49. Ommatidia forming two groups on either side of
head (plesiomorphic) / ommatidia divided later-
ally into two dorsal and two lateral groups by a
band of integument (apomorphic)

The only other Nematocera to exhibit the apomorphic
condition are some members of the Cecidomyiidae (e.g.
Campylomyza Meigen, Trisopsis Kieffer, and Odontodi-
plosis Felt). Considering the synapomorphies of and
within this family, the occurrence of divided eyes in Ceci-
domyiidae is certainly convergent with that of the
Perissommatidae.

50. Costa continuous along anterior margin of wing
(plesiomorphic) / costa with break near base
( Figs. I 7. I 0- I 3 ) (apomorphi c)
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Within the Nematocera the apomorphic condition is
unique to the Psychodidae. Some psychodids have more
than one break in the costa.

Discussion. In one of the earliest comparative studies
presenting details of the head capsule of Nr:matocera,
Keilin ( I 912) drew attention to the similarity between the
head capsules of the Trichoceri,Cae and Anisopodidae,
and their dissimilarity to those of the Tipulidae. Goet-
ghebuer (1925) noted further the similarity in the struc-
ture of the labrum and especially in the shape of the
premandibles of the Anisopodidae, Trichoceridae, Psy-
chodidae, and Scatopsidae. These similarities in structure
were confirmed by Anthon (l9zf3) who expanded and
elaborated on the work of Goetghebuer by shr:wing that
many other details of the head capsules of two aniso-
podids, Sylvicola Harris and Mycetobia Meig,;n, the tri-
chocerid Trichocera Meigen, and the psychodids, Pfti-
losepedon Eaton and other genera, were constructed on
the same basic plan. Edwards (1926) believed that the
type of head capsule found in the, Anisopodidae, Tricho-
ceridae, Psychodidae, and Scatopsidae represented the
primitive condition. Anthon, too, concluded that several
features of this plan, such as the vertical orientaLtion of the
mandibles and their subdivision into two articulating
"segments," were primitive. We have reached the oppo-
site conclusion.

We think that the primitive nematoceran mandible
most likely operated horizontally, or nearly so, as in the
Tipulomorpha, Bibionomorpha, Nannochoristidae, and
Siphonaptera, and that it was most likely undivided. A
truly divided or segmented marrdible is othrlrwise un-
known in Pterygota. Consequently, an obliquely or verti-
cally operating mandible, apicall.y crowned with a brush
of setae for harvesting food and with an unsclerotized
transverse band that gives it a "sr;gmented" appearance,
along with most other details of its anatomy, such as the
peculiar premandibles, must be dr:rived and are here con-
sidered synapomorphies of the infraorder Psychodomor-
pha. Although Anthon did not sturly the larva of Scatopse
Geoffroy, he noted that its head capsule also conformed to
the same basic plan. The Synneuridae (Hyperoscelidae of
Hennig, and including the Cant.hyloscelidae of Hutson
1917) are, on adult characters, a"pparently most closely
related to the Scatopsidae. Synneurid larvae have a
greatly reduced head capsule, sc) no direct comparison
with larvae of the other families can be made easily.

A recent challenge to the placement of the 'Irichocer-
idae close to the Anisopodidae, supporting instead its tra-
ditional position adjacent to the Tipulidae, has come from
developmental studies by Dahl (1980). She suggested
that portions of the male adult lerminalia of an aniso-
podid, Sy/vicola cincta (Fabricius), were not homologous
to supposedly homologous parts o1'the terminal.ia of tipu-
lids (based on a study of Limonia nubeculosa (Meigen))
and trichocerids (based on three species of Trichocera).
Male terminalia of Sylvicola developed entirely from
imaginal discs, whereas those of Limonia Meigen and
Trichocera developed from both imaginal discs and ecto-
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dermal tissue of the pupa. An alternate interpretation to
one of nonhomology, which we prefer, suggests a unique
developmental change in the Tipulidae and Trichoceri-
dae. The terminalia of all other known holometabolous
insects develop from imaginal discs, so that partial devel-
opment of terminalia from pupal ectoderm would be in-
terpreted as a synapomorphy of the Tipulidae and Tricho-
ceridea. However, we prefer to await confirmation from
additional research before abandoning our hypothesis
that the Trichoceridae are more closely related to the
Anisopodidae and Psychodidae (as the infraorder Psycho-
domorpha presented here) than they are to the Tipulidae.

The apparent synapomorphies in the larval mouthparts
and head capsule are the basis for inclusion of these five
families in a presumably monophyletic group, the Psycho-
domorpha of this Manual. Adult structures are not sup-
portive of this arrangement; however, neither do they de-
tract from it. In a cladistic analysis, lack of similarity is
insufficient grounds for separating taxa that can other-
wise be grouped on the basis of shared derived character
states. In the past, similarities between aduits of the Tri-
choceridae and Tipulidae, and between the Anisopodidae
and some members of the Bibionomoroha. have led to
quite different classifications. Howevei, rve have con-
cluded that similarity between adult anisopodids and
some members of the Bibionomoroha. or between adults
of the Trichoceridae and Tipulidae, is a result either of
symplesiomorphy or of homoplasy.

We have not been able to identify a synapomorphy of
the Scatopsidae and Synneuridae. Nevertheless, on the
basis of marked similarity between adults of the Scatops-
idae and some Synneuridae (e.g. Synneuron Lundstrom),
we have intuitively placed the two families as sister
groups.

The peculiar southern hemisphere Perissommatidae
(also known as a Jurassic fossil from Siberia (Kalugina
and Kovalev 1985)) are placed in this infraorder on the
basis of our interpretation of the larval mouthparts. We
believe that the larva of Perissomma fusca Colless shares
derived characters of some other Psychodomorpha.

We have taken a cautious approach to an interpretation
of the relationships between the Perissommatidae, Tri-
choceridae, Anisopodidae, Scatopsidae, and Synneuridae.
The following character states can be interpreted as syn-
apomorphies but give conflicting evidence.

A prostheca on the medial surface of the mandible is

characteristic of most Nematocera larvae and is conspicu-
ous on the mandible of the larvae of Nannochoristidae as

well. Therefore, its presence is probably plesiomorphic
within the Diptera. lts absence in the Anisopodidae and
Perissommatidae may be considered a synapomorphy of
those two families; however, this absence is not unique for
it also occurs in some other families as well, e.g. the Chao-
boridae, Mycetophilidae, and Cecidomyiidae.

The Anisopodidae and Perissommatidae are the only
Nematocera to possess well-developed tentoria, which
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could be interpreted as a synapomorphy of the two fami-
lies (however, see discussion under character 46 above).

The larvae of the Trichoceridae, Perissommatidae, and
most Anisopodidae (lacking in Olbiogaster Osten
Sacken) have elongate spicules on the anteroventral mar-
gin of the head capsule. We know of no other Nemato-
cera, Siphonaptera, or Mecoptera with this condition.

PHYLOGENY OF THE INFRAORDER
PTYCHOPTEROMORPHA

Hennig's classification

Hennig (1973, 1981) did not recognize a separate in-
fraorder by this name, but instead included the two con-
stituent families as the superfamily Ptychopteroidea, in
the infraorder Psychodomorpha, as follows:

Superfamily Ptychopteroidea
Family Tanyderidae
Family Ptychopteridae

Proposed classif ication

We propose a classification that is essentially the same
as that of Hennig, except that we have elevated the entire
taxon to the rank of infraorder. We chose to do so because

we believe that the Ptychopteromorpha, or possibly only a

part of it alone, the Ptychopteridae, is the sister group of
the Culicomorpha and is not closely related to the Psycho-
didae or to any other member of Hennig's
Psychodomorpha.

Character states. In the following we analyze charac-
ter states 5 I 53, used in interpreting relationships within
the Ptychopteromorpha.

Pupa

51. Respiratory organs, if present, equal in size and
shape (plesiomorphic) / respiratory organ of one

side much longer than that of other side
( FiS. 22.7 ) ( apomorphic)

The apomorphic condition is unique to the Ptychopter-
idae, although a few Tipulidae have respiratory organs
that differ slightly in length (Rogers 1949).

Adult

52, Last tarsomere of male not capable of being

folded proximally against the penultimate tar-
somere and without interlocking tufts of setae on
tarsomere 4 (plesiomorphic) / last tarsomere of
male capable of being folded forward against tar-
somere 4; tarsomere 4 with basal swelling op-
posed by tarsal claws and with interlocking tufts
of setae (apomorphic)
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This character state was the only one suggested by
Hennig (1973) as a synapomorphy linking the Tanyder-
idae and the Ptychopteridae. It is not present in Bittaco-
morpha Westwood or Bittacomorphella Alexander, how-
ever, but members of these genera have quite modified
legs, and it may be secondarily lost. Although its distri-
bution within the Nematocera has not been fully ex-
plored, it is evidently not present in any other
Nematocera.

Hennig (1968) suggested that this modification assists
the male in holding the female during copulation.

53. Halter lacking a prehalter (plesiomorphic) /
halter with a basal appendage called the pre-
halter (Fig. 2.71) (apomorphic)

The presence of a prehalter is unique within the
Diptera.

Discussion. The presence, in the Ptychopteridae, of a
more complex torma than that found in Protoplasa Osten
Sacken and Protanyderus Handlirsch (Tanyderidae),
along with invagination of the premandible for greater
surface area in support of associated musculature, sug-
gests that the Ptychopteridae alone, rather than Ptychop-
teromorpha, may be the sister group of the Culicomorpha
(see under "Phylogeny ofthe Infraorder Culicomorpha").

PHYLOGENY OF THE INFRAORDER
CULICOMORPHA

Hennig's classification

The monophyly of the Cuiicomorpha, along with the
relationships between its component families. is one of the
least contentious issues in the phylogenetic interpretation
of the Nematocera. Hennig (1973) listed at least nine
character states that he considered to be synapomorphies
of the infraorder: adult ocelli vestigial or absent; pedicel
enlarged, with specially developed Johnston's organ (sec-
ondarily reduced in Simuliidae); wing without a discal
cell; M, absent; radial sector with only three branches;
sperm pump absent, with sperm being transferred within
a spermatophore; first abdominal spiracle of adult absent
(vestigial in Simuliidae); larva eucephalous, with hy-
postomal bridge dentate at anterior margin; and leg
sheaths of third pair of pupal legs curved below wing
sheaths to allow mobility of abdomen. The condition of
the pedicel, sperm pump, larval head, and pupal leg
sheaths are discussed below. The remaining character
states are not unique to the Culicomorpha but are subject
to considerable homoplasy in various groups of
Nematocera.

Hennig (1973) divided the infraorder into two sister
groups, the superfamilies Culicoidea and Chironomoidea.
As synapomorphies for the Culicoidea, he offered the fol-
lowing four characters: antepronotum and postpronotum
of adult separate, the latter appearing as part of the pleu-
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ron; third palpal segment of adult without sensory vesicle
(actually present in some Chaoboridae); larva metapne-
ustic, with anterior spiracles reduced and posterior spira-
cles surrounded by a characteristic, five-lobed structure;
and antenna of larva single-segrnented. Hennig further
subdivided the Culicoidea into two family groups: the
Dixidea, with only one family, the Dixidae;and the Culi-
cidea, with two families, the Chaoboridae and Culicidae.
The superfamily Chironomoidea shared the following five
synapomorphies: costa of wing not continuing beyond
apex of wing, ending at apex of R,, * ,, leaving hind margin
of wing membranous (except in 'Ihaumaleidae, in which
there is a suggestion of thickening); anterior branch of
radial sector (which Hennig considered to be R,) ending
in R,; A, not reaching hind margin, usually lying close to
CuP; larva basically amphipneustic; prothorax and termi-
nal segment oflarva each with parred or unpaired parapo-
dium (proleg). Further, the Chironomoidea were subdi-
vided into two family groups, the Thaumaleidea,
containing only the Thaumaleidae, in which the costa
encircled the hind margin of the r,l'ing to some degree, and
the Chironomidea, containing thr: Simuliidae, Ceratopo-
gonidae, and Chironomidae, in which the hind margin of
the wing was entirely membranous. Hennig's classifica-
tion was as follows:

I nfraorder Culicomornha
Superiamily Culicoidea

Family group Dixidea
Family Dixidae

Family group Culicidea
Family Chaoboridae
Family Culicidae

Superfamily Chironomoidea
Family group Thaumaleidea

Family Thaumaleidae
Family group Chironomidea

Family Simuliidae
Family Ceratopogonida e

Family Chironomidae

Proposed classif ication

Our classification is similar to that of Hennig, with the
single exception of the addition of the family Corethrel-
lidae, which was formerly considered to be a subfamily or
tribe of the Chaoboridae. JustificeLtion for the recognition
of this taxon at the family level is provided below. Our
proposed classification is as followr;:

Infraorder Culicomorpha
Superfamily Culicoidea

Family Dixidae
Family Corethrellidae
Family Chaoboridae
Family Culicidae

Superfamily Chironomoidea
Family Thaumaleidae
Family Simuliidae
Family Ceratopogonidae
Familv Chironomidae
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Character states. In the following we analyze charac-
ter states 54-84, used in interpreting relationships within
the Culicomorpha.

Larva

54. Anterolaleral margin of head capsule complete
(plesiomorphic) / anterolateral margin oJ head
capsule with groove in which antennae lies when
adducted (apomorphic)

The apomorphic feature is unique to the
Corethrellidae.

55. Labral brush relatively simple, composed of
rather few rows of short, well-spaced, curved se-
tae and capable only of slow closure, and with a
rather small, labral retractor muscle originating
in the middle of the cephalic apotome (plesio-
morphic) / labral brush complex, with numer-
ous, tightly packed, long setae or a single row oJ'
long, sickle-shaped setae and capable of rapid
closure, and with an elongate, labral retractor
muscle clearly divided into two portions, each
originatingJarlher back on the enlarged cephalic
apotome (apomorphic)

Members of the Ptychopteridae and Tanyderidae have
simple labral brushes capable only of slow movement.
These brushes bear only a few rows of curved setae. Much
more complex labral brushes are present in all members
of the Dixidae and in almost all the Culicidae and Simuli-
idae. We regard the simple labral brushes found in the
Ptychopteridae (and possibly also in the Tanyderidae) as

being homologous with those found in the Dixidae, Culi-
cidae, and Simuliidae and that the simple brushes repre-
sent the plesiomorphic condition from which the more
complex structures developed. Therefore, we regard the
possession of labral brushes as probably being present in
the ancestor of the Culicomorpha and, hence, as a synapo-
morphy of the infraorder, even though members of the
Corethrellidae, Chaoboridae, Thaumaleidae, Ceratopo-
gonidae, and Chironomidae lack these structures.

56. Labral brush consisting of numerous rows of
closely packed, long setae arising Jrom head sur-
face, with both brushes closing simultaneously to
entrap tbod partic les from standing water (plesio-
morphic) / labral brush elevated from heqd sur-
face on apex of stalk to form a labral or cephalic
Jan consisting of a single row of extremely long
setae (Fig. 27.76); each fan with an arc-like base
when structure is extended fan-like in cunent oJ'

water to extract Jood particles; brushes closed al-
t e r nat e ly ( apo morp hi c )

The plesiomorphic condition is characteristic of the
Dixidae and Culicidae (secondarily reduced in the
Toxorhynchitinae). The apomorphic condition, although
secondarily lost in a few members, is one of the most dis-
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tinctive synapomorphies of Simuliidae. Although the oc-

currence of vestigial fans, or their absence, tn Crozetia
crozetensis (Womersley) , Simulium oviceps Edwards,
and in ali members of Twinnia Stone & Jamnback and
Gymnopais Stone has been interpreted by Rubtzov
(1956), Davies (1965), and others as plesiomorphic, we
believe that the ancestor of all simuliids possessed labral
brushes or cephalic fans of some sort and that absence of
fans is a derived condition (Wood 1978).

57. Tctrma in the form of a band-like sclerite, with
point of attachment of premandible at the surJace
ofcuticle occurring at posteromedial corner ofthe
torma (plesiomorphic) / torma folded on itself,
invaginated, with the premandible intimately as-
sociated with Ihe torma and internal and dorsal to
body of torma (Figs. I14.7-8, I I ) (apomorphic)

The plesiomorphic condition is found in the Tanyder-
idae (Fig. 114.4) and all Psychodomorpha (Fig. 114.3),
both outgroups of the Culicomorpha. An infolded torma,
on which the point of attachment of the premandible is

internal, is found in all members of the Dixidae, Culi-
cidac, and Simuliidae. An internal premandible, which
serves as the insertion point of the labral retractor muscle,
presumably allows torsion of the torma, apparently in-
creasing the sweep of the labral brush. Because it occurs
in some members of both the Culicoidea and the Chirono-
moidea, we regard this infolding as being a synapomorphy
of the Culicomorpha. Alternatively, infolding may have
happened twice, in the Culicoidea and in the Simuliidae.

58. Premandible mainly an external sclerite, with a
well-developed external comb of setae and a

small, invaginated apodeme for insertion oJ the
labral retractor muscles (plesiomorphic) / pre-
mandible mainly internal as a result of invagina-
tion, serving almost entirely as a point of insertion
of the labral retractor muscle, with only a small
remnant of the external sclerite (apomorphic ')/
premandible entirely internal, apparently with'
out any remnant of an external sclerite (apo-
morphic ")

In the plesiomorphic condition, found in the Ptychop-
teromorpha (Figs. I 14.4-6), the premandible can move
only in a posteromedial direction, pulling the torma in the
same direction, thus imparting scarcely any rotational or
other twisting motion to the torma. The premandibular
comb apparently assists in combing food particles from
the mandible and is itself cleaned by the prostheca. A
transformation series, in which the external, comb-bear-
ing part of the premandible either is greatly reduced rela-
tive to the internal, invaginated part, as in the Dixidae, or
is not evident at all, as in the Culicidae and the Simuli-
idae, will be described in detail by Wood (in preparation).
We consider the large external premandible of some Chi-
ronomidae as a superficial reversal to the plesiomorphic
condition.
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7. Dixa sp. B. Aedes communis

9. Diamesa sp. '1O l-)i:moq: crr

Figs. I I 4.7- I 0. Details of labra and associated muscles of the left side of the head capsule of various Nematoccra
(mid-ventral part of the head capsule and all contcnts excepts labral muscles removed): vcntral views of (7) Dira
sp.(Dixidae); (8)Aedescommunis (DeGeer)(Culicidae); and(9) Diamesa sp.(Chironomidae); lateral viewof
(10) Diamesa sp.

Abbrcviations: ant, antenna; cpiphar b, epipharyngcal bar: lbr br, labral brush; lbr compr mus, labral compressor
muscle; lbr ret mus, labral retractor muscle: md, mandible; mx plp, maxillary palpus; premd, premandible, tm,
torma.

l36l

premd

eprphar

eprphar
premd
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lbr f n

tm

premd
epiphar

11. Prosimulium sp.

Fig. 1 I 4. I I . Details of labra a nd associatcd musclcs of thc left side of the hcad capsule of Prosimuliun sp. (Sim-
uliidae) (mid-ventral part of head capsule and all contents except labral muscles removed).

Abbreviations: epiphar b, epipharyngeal bar; lbr compr mus, labral compressor muscle; lbr fn, labral fan; lbr rct
mus, labral retractor muscle; prcmd, premandible; tm, torma.

59. Premandible mainly an external sclerite, with
well-developed external comb of setae and with a
small, invaginated opodeme for insertion of la-
bral retractor muscles (plesiomorphic) I pre-
mandible with tongs-like or spike-like external
portion and with invaginated internal portion
bearing two sepqrate insertions of the two parts of
the labral retractor muscles; premandible lever-
like, moveable in an anteroposterior direction as a
result of the separate insertions of the labral re-
lractor muscles and capable of forceps-like action
resulting from contraction of the labral compres-
sors pulling the intertorma in a dorsal direction
(Figs. I I 4.9 10) (apomorphic)

In the Chironomidae (secondarily lost in some), the
external portion of the premandible is not comb-like, but
is used in an entirely novel way, as a pair of tongs for
grasping food particles (Wood, personal observations).
Contraction of the labral compressor muscles pulls the
epipharyngeal bar dorsally, bringing the distal ends of the
premandibles together. Simultaneous contraction of the
labral retractor muscles convevs food oarticles to the
pharynx. The premandibles of ihe Forcipomyiinae (Ce-
ratopogonidae) also act as levers. They, too, have two op-
posing insertions of the labral retractor muscles as in the
Chironomidae, but they are exceedingly minute, and their
function whiie feeding is not understood. The apomorphic
character state is unique within the Diptera and is not
known in other Holometabola.

60. Maxillary palpus reduced or barrel-shaped (ple-
siomorphic) I maxillary palpus markedly elon-
gale ( Fig. 2 3. I 0) (apomorphic)

The apomorphic feature is unique to Dixidae.

61. Labiohypopharynx not connected to paraclypeal
phragma (plesiomorphic) I dorsolateral corner
of labiohypopharynx connected vio cibarial bar
(Harbach and Knight 1980) to paraclypeal
phragma, thus increasing its stability for use as

an anvil for pounding food particles ( apomorphic)

The presence of a connection between the labiohypo-
pharynx and paraclypeal phragma is apparently unique to
the Culicoidea and is here considered a synapomorphy of
that group. This feature is present in the Dixidae, Core-
threllidae, and Culicidae, but not in the Chaoboridae. We
assume that its absence in the Chaoboridae represents a
secondary loss, related to the swallowing of large prey.

62. Pharyngeal filter present (plesiomorphic) / pha-
ryngeal filter absent, replaced by a muscular
pharynx (apomorphic)

A pharyngeal Iilter, which consists of rows of back-
wardly pointing hairs for straining food particles from
expelled water (Snodgrass 1959), is widespread in the
Nematocera. This feature is present in at least some

members of all the infraorders except the Bibionomorpha,
and we presume that it was present in the ancestor of the
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Culicomorpha as well. It is well developed in the Dixidae,
Culicidae, and Thaumaleidae, but not in the Chaoboridae
or Corethrellidae in which it was presumably lost second-
arily as a result of swallowing whole prey. lt is also absent
in the filter-feeding Simuliidae, which apparently engulf
indiscriminately all material captured by the labral fans
and transfer this material to the pharynx (Craig and
Chance 1982), and in the Ceratopogonidae and Chiro-
nomidae, which we believe to be selective rather than in-
discriminate feeders. We regard the presence of a muscu-
lar pharynx in the Simuliidae, Ceratopogonidae, and
Chironomidae, instead of a pharyngeal lilter (which is
present in Thaumaleidae) as being a synapomorphy of
these three families.

63. Pharyngeal apparatus absent to somewhat devel-
oped (plesiomorphic) I pharyngeal apparatus
markedly det,eloped with two strongly diverging
arms and rows of combs (apomorphic)

All known larvae of Ceratopogonidae have a character-
istic, well-developed pharyngeal complex (BorkenI et al.
1987). Although this character state appears to be
unique, we are unsure of homologies in other Nematoc-
era. The larvae of Bittacomorpla (Ptychopteridae) (but
not Ptychoptera) also exhibit a markedly developed pha-
ryngeal structure that works with a hammer and anvil
motion but looks quite different and does not appear to be
homologous.

64. Antenna slender, tapering apically, and usually
rather short (plesiomorphic) I antenna large and
stout (apomorphic)

The antenna of larvae of the Nematocera is, in general,
rather small and slender. In the Culicoidea, however, it is
long, stout, and massive relative to the body size of the
larvae and is usually armed apically with setae. The apo-
morphic condition is unique within the Diptera, Sipho-
naptera, and Mecoptera.

65. Antenna capable of relatively little movement,
terminating in several straight setae (plesio-
morphic) / antenna prehensile, terminating in
claw-like setae, capable of holding prey captured
by the mandibles as well as of grasping the sub-
strate (apomorphic)

Prehensile antennae have been considered a synapo-
morphy of the Chaoboridae plus Corethrellidae, which
have traditionally been considered as members of a single
family, the Chaoboridae; this tradition is maintained in
Volume I of this Manual. In the Chaoboridae sen.ra
slricto (excluding Corethrellidae), the antennae are used
for holding prey while it is being devoured. ln Eucorethra
Underwood and Mochlonyx Loew, the antennal bases are
widely separated (Frig. 24.10), whereas in Chaoborus
Lichtenstein they are adjacent medially. In addition, in
Chaoborus and perhaps in the other genera as well, the
larva can anchor itself by grasping objects on the bottom
with its antennae. However, in the Corethrellidae, the
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antennae arise close to each other near the midline, fold
back into a groove along the side of the head when at rest,
and project directly forward when extended. Although
their function is apparently unknown, our observations of
feeding Corethrella Coquillett (two species from Ecua-
dor) and manipulation of preserved specimens indicate
thal Corethrella larvae do not use their antennae for feed-
ing as do the Chaoboridae. The antennae appear incapa-
ble of being bent down toward th; mouth and, therefore,
seem to be of no use in feeding. Porhaps they are used for
gripping some substrate in their environment, a fcature
that could prevent them from beirg washed out ofprecar-
ious habitats (such as bromeliadsr) during storms. These
observations suggest that the prehensile antennae of the
Corethrellidae and Chaoboridae are not homologous.

The apomorphic condition is otherwise unique within
Diptera.

66. Prothoracic proleg absent (plesiomorphic) I pro-
thoracic proleg presenl, crowned apically with
rows of hooklets (apomorpthic)

A prothoracic proleg (bifurcate and appearing as a

paired structure in Chironomidrre) is present in most
members of the four families rlf the Chironomoidea,
namely all Thaumaleidae, all Simuliidae, members of the
subfamily Forcipomyiinae and first instar Culicoides La-
treille (Ceratopogonidae), and virtually all Chironomi-
dae; but it is unknown outside these families. It was re-
garded by Hennig (1973) and by Wood (1978) as a
synapomorphy of the Chironomoidea and is accepted as

such here. The proleg is used for locomotion and, in the
Simuliidae and Chironomidae, for grasping and manipu-
lating silk (Barr 1984).

67. Anterior thoracic (mesothoracic) spiracle present
(plesiomorphic) / anterio,, Ihoracic spiracle ab-
sent or vestigial (apomorphic)

We regard the amphipneustic condition (Ch. 3, p. 83),
found in the Tanyderidae, Axymyiidae, most Psychodo-
morpha, and most Brachycera, as being relatively plesio-
morphic compared with the metapneustic condition, in
which the anterior spiracles are absent. Among the Culi-
comorpha, only the Thaumaleidrre have anterior spira-
cles, i.e. are amphipneustic. Abserrce of the anterior spira-
cles in the remaining Chironom,ridea (members of the
transantarctic genus Archaeochlt:,ts Brundin have poste-
rior spiracles only, Brundin 1966: 295) may be a synapo-
morphy of these three famiiies, but this feature is proba-
bly of dubious value as an indicator of relationship.

68. Thoracic segments distinct, not appreciably wider
than frst abdominal seg'ment (plesiomorphic) I
all three thoracic segments enlarged and Jused to
each ot her ( Fi gs. 24. I 0, 2 5.3 3-34 ) ( apomorphic)

Distinct thoracic segments are lbund in all insect larvae
except in all members of three farnilies of the Culicoidea,
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namely the Corethrellidae, Chaoboridae, and Culicidae.
In these, the three segments are fused and swollen into a
distinct thoracic region. We regard this condition as being
a synapomorphy of the three families.

69. Abdominal spiracles fush with surface (plesio-
morphic) / abdominal spiracles elevated on a
conical sipho n ( apomorp hi c )

In the Dixidae, as in most larvae of Nematocera, the
posterior abdominal spiracles are flush with the surface of
the body, whereas in the remaining families of the Culi-
coidea, namely the Corethrellidae, Chaoboridae, and
Culicidae, these spiracles are more or less elevaled on a
siphon. The siphon is shortest and least developed in Eu-
corethra Underwood (Chaoboridae) and in Anopheles
Meigen (Culicidae), both of which are surfacc feeders
like the Dixidae. As both these genera arc probably the
most primitive members of their respective families, an
exceptionally short siphon may reprcsent the primitive
condition. The development of a more elongate siphon
may have occurred independently in the Corethrellidae,
Chaoboridae, and Culicidae. Regardless of whether it is
short or long, we consider the presencc of a siphon as
being a synapomorphy of the Corethrellidae plus Chao-
boridae plus Culicidac. In some members of rhe Psychod-
inae (Psychodidae) and in Perissommatidae, the spiracles
are also elevated on a siphon, superficially similar to that
found in the Culicoidea

70. Posterior abdominal spiracles surrounded b,v' tv,o
pairs of .flaps, namely one small pair.flanking the
spiracles and arising on abdominal segment 8 and
a second, much larger pair posterior to them, aris-
ing on a separate and distinct segment 9
(Fie. 23.10) (plesiontorphic)/posterior pair of
flaps reduced, elevated to apex of siphon
(Figs. 25.28 32) (apomorphic)

Homologies of the structures surrounding the postcrior
abdominal spiracles of most amphipneustic and metapne-
ustic dipterous larvae are not well understood. Usually
there are two pairs of flaps, one lateral to the spiracles and
the other posterior to them. Often one middorsal lobc, or
even a pair of lobes, occurs anterior to, and between, the
spiracles. There is so much variation among the families
of Diptera that it is difficult to deduce the plesiomorphic
condition. However, in larvae of the Dixidae, the lateral
flaps (postspiracular processes, Fig. 23.10) that are inti-
mately associated with the spiracles seem to arise, with
the spiracles, on segment 8, whereas the posterior flaps
(posterolateral processes), which are much larger, appear
to arise on segment 9.

We have taken this condition to represcnt the plesio-
morphic condition in the Culicoidea. In the Corethrelli-
dae, Chaoboridae, and Culicidae, the spiracles and both
pairs of flaps are borne ar the apex of the siphon; there
appears to be no segment 9, and we have concluded, along
with previous students of the Culicidae, that it has been
incorporated into the siphon, which appears to arise from
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seglnent 8. This condition is presented as a synapomorphy
of the three families.

71. Posterior abdominal spiracles surrounded by two
pairs of flaps, namely one small pair Jlanking the
spiracles and arising on abdominal segment 8 and
a second, much larger pair posterior to them, aris-
ing on a separate and distinct segment 9
(Fig. 23.10) (plesiomorphic) / abdominal spira-
cles having the posterior pair of .flaps modified
into cylindrical procerci (Figs. 26.4, 29.136-137)
(apomorphic)

Among the Chironomoidea, only members of the Thau-
maleidae and the chironomid gents Archaeochlus (Brun-
din 1966: Fig. a04) possess abdominal thoracic spiracles.
In thc Thaumaleidae, a pair of fringed flaps arises just
behind these spiracles; both flaps and spiracles appear to
be on abdominal segment 8, but are followed by only one
more segment, which we assume to be segment 10. In
Archaeochlus, in contrast, the flaps (called procerci by
chironomid specialists), which we suggest are homologous
to the posterior flaps (posterolateral processes) of the Cu-
licoidea as well as to those of the Thaumaleidae, arisc on a

clearly dehned segment 9 and are of a characteristic cy-
lindrical shape. In other chironomid larvae, the procerci
also arise in the same position, even though the spiracles
are absent. In our scheme we assume that the posterior
fiaps have been lost in the Simuliidae and Ceratopogon-
idae. We know of no other Diotera with such a
modifrcation.

72. Lobes surrounding abdominal spiracles immov-
able (plesiomorphic) I lobes movable, folding
together when the larva submerges (apomorphic)

I n Dixidae, as in other larvae of Nematocera posscssing
spiracular lobes, the lobes are immovable, and we con-
sider this feature to be the plesiomorphic condition. The
ability of the lobes to fold together is considered a synapo-
morphy of the Corethrellidae, Chaoboridae, and
Culicidae.

73. Anal papillae retractible (plesiomorphic) / anal
papillae permanently ererted, nonretrctctible
(apomorphic)

ln Microchorista Byers (Nannochoristidae, Pilgrim
1972), the Tanyderidae (Exner and Craig 1976), Pty-
chopteridae, Dixidae, Ceratopogonidae (Wirth and Gro-
gan 1979), and Simuliidae, the anal papillae can be ex-
tended from, or retracted into, the anus. In the
Corethrellidae, Chaoboridae, and Culicidae, however,
they remain permanently exerted. In chironomid larvae
they are also nonretractable. This condition may be a syn-
apomorphy of the Corethrellidae, Chaoboridae, and Culi-
cidae; however, further observations are needed, not only
on the Thaumaleidae and Chironomidae, but also on non-
culicomorphan Nematocera.

74. Last abdominal segment (segment 10) without
fan-like row of long setae (plesiomorphic) I last



PHYLOGENY AND CLASSIFICA'IION OF THE NEMATOCERA I I4

abdominal segment with fan-like row of long se-
tae on midventral surface, each seta having a
transverse, T-shaped base ( apomorphic )

Larvae of the Corethrellidae, Chaoboridae, and Culi-
cidae, all free-swimming, are the only larvae of Nematoc-
era to possess this anal fan, which is regarded as being a
synapomorphy of the three families. The entire anal fan
acts as a fin for swimming when the abdomen is lashed
from side to side, and the T-shaped base on each seta pre-
sumably minimizes sideways movement (Figs. 24.14,
25.28 32).

75. Pigment of adult eye appearing in the pupa, aJter
the larval stage (plesiomorphic) I pigment of
adult eye developing precociously, becoming t'on-
spicuous as early as the second instar, and always
well developed by the last instar, located anterior
to lhe pigment-containing cells characterizing the
larval eye or stemma (apomorphic)

Precocious development of the adult eye, early in the
life of the larva, presumably enhances the larva's ability
to detect changes in light intensity and, thereby, to avoid
predators. This condition is known only in the Chaobor-
idae and Culicidae, although this pigmentation occurs
oniy along the hind margin of the eye in Mansonia pertur-
bans (Walker). This feature is considered to be a synapo-
morphy of these two families.

Pupa

76. Metathoracic leg sheath erlending beyond wing
sheath, parallel to sheaths of other two legs (ple-
siomorphic) I melathoracic leg sheath bent in an
S-shape, concealed beneath wing sheath, ending
beside apex of mesothoracic leg (apomorphic)

This character state, which presumably allows greater
mobility of the pupal abdomen, was one ol the synapo-
morphies of the Culicomorpha proposed by Hennig
(1973). Although not applying to all members (somc chi-
ronomid pupae have straight metathoracic leg sheaths),
the character state is unique to the Culicomorpha.

77. Apex of abdomen terminating in a pair of im-
movable lobes (plesiomorphic) / aper of ahdo-
men terminating in a pair oJ articulated, membra-
nous paddles, each with supporting midrib
(apomorphic)

The apomorphic condition is unique to the Culicidae
and Chaoboridae. By rapid flexion of the abdomen, as in a

lobster or crayfish, these paddles enable the aquatic pupae
to swim rapidly to the bottom of their water body to es-
cape predators. Members of the chironomid subfamiiy
Tanypodinae also swim in a similar fashion, although
thev lack articulated oaddles.
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Adult

78. Proboscis no longer than t'rl,o or three times head
capsule length (plesiomorphic) / proboscis, com-
posed of labrum, mandil,les, laciniae, and hypo-
pharynx, all ensheathed vtithin the labium, mark-
e dly e I ongat e ( apomorphi c )

The elongate mouthparts of a.dult Culicidae, and the
manner in which the stylets are Lrsed to probe for and en-
ter capillaries without damagirLg superficial tissues of
their host. are one of the most characteristic features of
the family. The condition is unique within the Diptera
and is only superficially approxinrated by some other non-
bloodfeeding taxa (e.g. Elephantom.yra Osten Sacken and
Toxorhina Loew of Tipulidae).

79. Pedicel not especially enlarged, about the same
diameter as scape, and male Jlagellum not mark-
edly plumose nor noticeably different from that of
Jemale (plesiomorphic) / pedicel enlarged, espe-
cially in males, usually globular and much wider
than scape as a result of o greatly enlarged John-
ston's organ, and male llagellum plumose, with
much longer, denser setae than those oJ Jbmale
(apomorphic)

Specialization of the male ante:nna for sound reception,
a feature that enables the male to locate a female by de-
tecting the sound of her wing bea.ts, is unique to the Culi-
comorpha and is characteristic of most members of the
Corethrellidae, Chaoboridae, Culicidae, Ceratopogoni-
dae, and the Chironomidae. A few species of the Culi-
cidae, Ceratopogonidae, and Chironomidae, which mate
on the ground without a prior maling flight, do not havc
the long setae of the flagellum (p,resumably lost) but still
possess an enlarged pedicel. The pedicel of adult thauma-
leids is large relative to the flagellomeres but otherwise
their antennae resemble those of simuliids in structure.
However, no simuliid has a giobuLlar pedicel or a long, se-

tose flagellum. Males of the Simuliidae (except for a few
small-eyed species that mate on the ground) have en-
Iarged eyes and capturs females in flight. We concur with
Hennig (1973) in concluding that the specialized antenna
has been lost in this family. We suppose that the same is

true with regard to the Thaumaleidae.

Although an enlarged pedicel is mainly limited to the
Culicomorpha, some cecidomyiirls (Micromya Rondani,
Anarete Haliday Figs. 16.36 37) exhibit a similar condi-
tion. We regard this as an example of convergence.

80. Wing with vein M, present and with a discal cell
(dm) (plesiomorphic) / w,ing with neither M, nor
a discal cell (apomorphicl

Vein M, and the discal cell are usually present together
in most of the infraorders of Nematocera, namely the Tip-
ulidae (Tipulomorpha), the Aniscpodidae and Trichocer-
idae (Psychodomorpha), the Pachyneuridae (Bibiono-
morpha), the Tanyderidae (Ptychopteromorpha), and the
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lower Brachycera. The wing of members of the Psychod-
idae has M, but lacks the discal cell. Loss of either or both
of these character states is undoubtedly derived; however,
both are lacking and presumed lost in the members of
many other families of Nematocera, and we consider it
unreliable as a measure of relationship. Nevertheless, no
member of the Culicomorpha possesses either M, or a dis-
cal cell; this loss may be a synapomorphy of the
i nfraorder.

81. Rqdial sector of wing with more than three
branches (plesiomorphic) / radial sector of wing
with three orfewer branches (apomorphic)

Few families of Nematocera have a four-branched ra-
dial sector; those that do, the Tipulidae, Tanyderidae,
Psychodidae, and Ptychopteridac, are usually considered
to be relatively primitive. Only in the Tanyderidae and
Psychodidae do all four branches reach the wing margin.
No member of the Culicomoroha has more than three
branches of the sector. In the Culicoidea R, and R, are
separate distally but have a common stem, whereaS R,*.
is unbranched, which results in a total of three branchei
of the sector. This situation is uncommon in the Chirono-
moidea and is found only in a few (presumably more
primitive) Chironomidae. In the remaining Chironom-
oidea, the sector is either unbranched, or two-branched,
consisting of Rr*,, and Ro*,. Reduction to three branches
or fewer, although probably a synapomorphy of the Culi-
comorpha, is also found in the Axymyiidae, some Aniso-
podidae (Sylvicola Harris), and Pachyneuridae (Pachy-
neura Zelterstedt). Other Bibionomorpha have only two
branches or fewer. The lower Brachycera also have three
branches, but R, *, is unbranched whereas Ro * , is
branched, the reverse of the Culicoidea. This reduciion
probably cannot be considered alone as being a reliable
indicator of relationship.

82. R2* r straight or slightedly curved (plesio-
morphic) / Rr*, strongly arched (FiS. 23.4)
(apomorphic)

The apomorphic feature is unique to Dixidae.

83. Sperm transferred as a liquid or amorphous
mass, often by sperm pump (plesiomctrphic) /
sperm transferred by a complex, two-chambered,
symmetrical spermatophore that is Jbrmed within
the male before or during ejaculation
(apomorphic)

Although Hennig presented this character state as
being a synapomorphy of the Culicomorpha, Wood
(1978) showed that it is not present in the Culicoidea but
suggested it may be a synapomorphy of the Chironomoi-
dea, provided that it is present in the Thaumaleidae. Sper-
matophore formation and deposition was described in
greatest detail for two species of Culicoides Latreille by
Pomerantzev (1932) and Linley (1981). Linley (1981)
showed that a two-chambered envelope secreted by the
accessory gland was filled with two packets of sperm just
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before ejaculation. ldenticai structures are present in the
Simuliidae and Chironomidae (discussed by Wood 1978),
but the exact process of spermatophore formation is not
yet understood. Presence ofa spermatophore has yet to be
established in the Thaumaleidae.

Leppla et al. (1975) reported the presence of a sper-
matophore in a bibionid, Plecia nearctica Hardy. Pollock
(1970) described a spermatophore in Glossina austeni
Newstead. Spermatophores have not otherwise been re-
ported in the Diptera. Mickoleit (1914) described the
spermatophore of Boreus westwoodi Hagen but regarded
it as being a convergent development within the
Mecoptera.

Discussion. Although we have presented the Thauma-
leidae as the sister group of the rest of the Chironomoidea,
some evidence indicates that the Simuliidae is the sister
group of the rest. A dorsal mandibular brush is present in
larvae of the Ptychopteridae, Culicoidea, and Simuliidae
but not in those of the Tanyderidae. It is absent in Thau-
maleidae, Ceratopogonidae, and Chironomidae, which
may be a synapomorphy oi these three families. The dor-
sal mandibular brush is used for combing food particles
from the labral brush while the mandible is adducted,
bringing the mandibular brush hairs through those of the
labral brush just before it is extended.

Present classifications place Corethrella in a separate
tribe or subfamily within the Chaoboridae. As already
discussed, the only apparent synapomorphy that might
suggest this placement is the presence ofprehensile anten-
nae in the larvae, which we believe are not homologous in
Corethrella and other Chaoboridae. We regard the preco-
cious development of the adult eye within the larva and
the presence of a pair of movable lobes, or paddles, at the
apex of the pupal abdomen, as synapomorphies of the
Culicidae plus Chaoboridae, not including Corethrella.
Thus, the Chaoboridae, as previously recognized, would
be a paraphyletic group. To avoid this situation, Core-
thrella is, therefore, considered as being a separate and
newly recognized family, the Corethrellidae.

In this presentation we did not list all apparent synapo-
morphies for the morphologically distinct Simuliidae.
Further adult synapomorphies have been discussed by
Wood and Borkent (1982).

CONCLUSIONS AND SUGGESTIONS FOR FUTURE
RESEARCH

Our analysis of the families of the Nematocera pro-
vides a fresh outlook on their phylogenetic relationships.
In some instances general conclusions by previous work-
ers have been supported (e.g. Culicomorpha), whereas for
other taxa we have proposed quite different arrangements
(e.g. Psychodomorpha). Previous schemes have relied
heavily on adult characters. Our reinterpretation ofthese,
plus consideration of added characters from immature
stages, have resulted in different phylogenetic
conclusions.
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As noted in our analyses, many of our hypotheses of
polarity of character states are tenuous. The Nematocera
are a remarkably diverse group of organisms that exhibit
marked structural variation in each life stase. This diver-
sity means not only that characters are olten of unsure
homology but also that, once homologous characters have
been established, homologous character states may be
difficult to recognize.

A common problem of phylogenetic analysis of Nem-
atocera is in the types of comparisons made by some
workers. Too often the only comparisons made have been
between a few distantly related groups, which has re-
sulted in questionable statements of homologies and a
failure to express the distribution of character states. It
seems to us that a stable phylogenetic scheme for the
Nematocera will depend on the detection of many charac-
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ter states that form series of nesled sets (rather than dis-
covering many character states at a particular node of the
cladogram). Such a scheme will c[epend on future workers
studying and describing character states in a large variety
of taxa, and on more careful and detailed comparison
being made between closely relatt:d groups.

In particular, we consider the t"ollowing areas of future
study to be particularly fruitful for revealing synapo-
morphies: first-instar head capsule and mouthparts, larval
pharyngeal filter, pupal respiratory organ and the manner
of its attachment to the spiracle of the pharate adult (see,
for example, Coffman 1979), ancl details of female termi-
nalia. We have attempted to note in the text some charac-
ters that are in particular need of reexamination. In addi-
tion, a wide array of structures that have not been
previously examined remain to be studied.
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PHYLOGENY AND CLASSIFICATION OF THE
.,ORTHORRHAPHOUS,, BRACHYCERA 115
N. E. Wooorny

INTRODUCTION

Although classification of the Diptera has been an inte-
gral part of the taxonomy of the order almost since formal
taxonomic publication was initiated by Linnaeus, interest
in the evolution and phylogeny of flies was post-Darwin-
ian and was really only pursued during this century. A
rigorous methodology for hypothesizing phylogenies of
organisms is quite recent. The subject received its first full
treatment by Hennig in 1950, a work that has since
become widely recognized.

Williston (1908) and Lindner (1949) summarized the
early works that dealt significantly with the classification
of Diptera. In this chapter, I discuss primarily our
knowledge of the evolutionary branching sequences of
taxa at the family level and above in the suborder
Brachycera, i.e. the cladistic relationships of the major
groups. Rendering this information into a formal classifi-
cation is only a secondary concern. Because the hypothe-
ses concerning the cladistics of the Brachycera are mostly
based on a rather small amount of evidence, I prefer to
make as few changes as possible in formal classification.
Otherwise, the development of new knowledge will only
result in instability of nomenclature and frequent changes
in a classification used widely beyond the specialized field
of systematics.

Works containing evolutionary information on the clas-
sification of Diptera include those of Williston (1908),
Malloch (1917), Hardy (1921), Mackerras and Fuller
(1942), Steyskal (1953, 1974), Colless and McAlpine
(1970), Nagatomi (1911), and Hackman and Vdisanen
(1982). Works by Oldroyd (1911) and Rohdendorf
(1914) have not utilized methodology acceptable to most
modern dipterists, and their conclusions have not been fol-
lowed by subsequent workers. Relatively few students of
the Brachycera have utilized cladistic methodology. Most
notable of those who have is, of course, Hennig (1973,
1916, 1981, and most of his specialized papers). Others
include Stuckenberg (1913), Griffiths (1972), Nagatomi
(1981), and Chvdla (1983), as well as some recent au-
thors dealing with intrafamilial relationships.

E,arly clarification is also required for the term "orthor-
rhaphous" Brachycera. This group includes all Brachy-
cera exclusive of the Muscoidea as recognized in this
chapter (: Muscomorpha of Ch. 116). However, thc
group cannot be recognized formally because it is para-
phyletic, as the Muscoidea cannot be considered the sister
group to the "Orthorrhapha." Thus it is a grouping of
convenience only.

As with Chapter 114 on Nerratocera, my treatment of
the Brachycera is based on Hennig's numerous works
(summarized in 1913,1981), tc 'which I have added fur-
ther information from the literalure. as well as a lew of
mv own observations.

ORIGINS OF THE BRACHYCE:]IA

Identification of the nematocerous sister group of the
Brachycera is a matter that renrains unsettled. Hennig
(1973) considered the most likeLy candidate within the
Nematocera to be the Bibionornorpha. He placed the
Pachyneuriformia, Anisopodifo:rnia, Bibioniformia, and
Mycetophiliformia in his Bibionomorpha, which was
equivalent to the Pachyneuroicie:a * Axymyiomorpha,
Anisopodoidea, Bibionoidea, and Sciaroidea * Scatop-
soidea of Chapter 114. He basel his theory on two char-
acters, which he considered possibly synapomorphic: the
enlargement of the katatergite ti"die starke Vergrosse-
rung des 2. Laterotergites") and the undivided post-
phragma of the thorax. Two adc.itional characters, which
have sporadic distribution within the Nematocera, were
mentioned as also being possibll/ synapomorphic: the en-
larged lower calypter ("squamula thoracicalis") and the
two right-angled bends in the pleural suture between tire
episternum and epimeron.

Hennig's hypothesis has not been improved upon or
modified by any subsequent work. A thorough survey of
these characters is needed in the; Nematocera. as the dis-
tribution of character states within the subordinate taxa
of Hennig's Bibionomorpha is poorly known. Only when
we have such information at harrcl can Hennig's hypothe-
sis be refined and the possible sir;ter group of the Brachy-
cera be narrowed to a superfamil'y or perhaps a family of
Nematocera. As the Brachycera is not the sister group of
the Nematocera as a whole, tht: latter is a paraphyletic
group (Hennig 1968).

In looking for a putative sister group to the Brachycera
within the Nematocera. certain features found in
Brachycera, which are plesiomorphic relative to many
extant Nematocera. should be considered. These are the
presence of mandibles in the adult., wing venation with Ro
and M, present as well as a close<l discal cell, and the pres-
ence of three spermathecae. Orrly six families of Nem-
atocera have M, present: the T'anyderidae, Tipulidae,
Pachyneuridae, Trichoceridae, J)sychodidae, and Aniso-
podidae. Interestingly, the Anisopodidae have some mem-
bers with three spermathecae an,l have a wing venation
that is very similar to the grrund-p1an venation of
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Brachycera proposed by Hennig (1913, Fig. I l2). Both
have a small discal cell near the middle of the wing, with
veins M,, M, and M, emitted from the cell and with
CuA, closely approximate to the posterobasal corner of
the cell. This venation is possibly synapomorphic, being
derived from the ground-plan venation of the Nematocera
in an ancestor of the Anisopodidae * Brachycera, with
subsequent loss of vein Ro in the Anisopodidae. Also, lar-
val mandibles are closest to moving in a vertical plane in
the Anisopodiformia within the Nematocera; therefore,
this feature is the nearest to the apomorphic condition
fbund in the Brachycera (see Ch. 114, under Psychodo-
morpha). The long history of the two suborders since the
probable time of divergence makes the problem of finding
a sister group to the Brachycera within the Nematocera
difficult. Ample time has passed for the nematocerous sls-
ter group to have changed considerably in morphology
and, thereby, to have lost the more plesiomorphic features
cited above.

The Brachycera probably arose during the Triassic,
because flies with well-developed brachycerous charac-
ters are known from the lower Jurassic: the first rich as-
semblage known is from the Malm period. The best sum-
maries of data on these flies are two papers by Kovalev
(1981, 1982). He describes new fossils in detail, and dis-
cusses in depth his reexaminations of material already
described. He criticizes the numerous genera and families
proposed in various papers by Rohdendorf (see summary
in Rohdendorf 1974), as often being based on fragments
and artifactual impressions, thereby leading to misintcr-
pretation of wing venation. More important, however, he
describes new forms that clearly differ little from some
extant Rhagionidae. Some of these from the upper Dog-
ger to lower Malm deposits of Transbaikalia exhibit char-
acter states that are apomorphic relative to some extant
rhagionids, such as the reduction of antennal flagello-
meres to fewer than eight and the loss of vcin M, (Kovalcv
1982). No fossils that can be conclusively assigned to rny
other extant families are knorvn from these early periods.
Therefore, the Rhagionidae are possibly closest to the
most primitive Brachyccra among the families of present-
day fauna.

CHARACTERIZATION OF THE BRACHYCERA

Several features are present in Brachycera that are syn-
apomorphic for the suborder. These have been discussed
briefly by Hennig (1973). In this and lollowing discus-
sions of characters, the italicized words following a char-
acter number describe ths aoomorohic state of the char-
acter being considered. The iharacter states are
numbered consecutively 1 38 throughout the chapter and
the numbers correspond to those used in the three
cladograms.

1. Posterior portions of larval head capsule elon-
gated posteriorly inlo thorax

In the Brachycera, the posterior elements of the larval
head capsule are elongate and form an internalized struc-
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ture, coupled with a tendency toward retraction of the
entire head capsule into the thorax. These skeletal ele-
ments are in the form of a single dorsal plate composed of
the cranium and the elongate tentorial rods. The cranium
may be further modified to form articulated metacephalic
rods in some Asiloidea and Empidoidea. The internal por-
tion of the head capsule becomes the only conspicuous ele-

ment in the Muscoidea and is known as the cephalopha-
ryngeal skeleton. In Nematocera, the tentorium is

contained within the completely exposed head capsule
(Fig. 3.5), and the cranium is not retracted into the
thorax.

2. Larval mandibles moving in a vertical plane

Mandibles of larvae of all known Brachycera are sickle
shaped and move in a parallel fashion, vertically. Larval
mandibles in Nematocera move in a horizontal plane, in
an opposable fashion. The members of Anisopodidae
among the Nematocera have larval mandibles that most
nearly approximate the brachycerous condition, although
these still move in a more or less horizontal plane.

3. Reduction of antennal flagellomeres to eight

The basic number of antennal flagellomeres in the most
plesiomorphic Brachycera is eight. This number is found
in at least some members of all families of the Xylophago-
morpha and Stratiomyomorpha, as well as in all Tabano-
morpha except the Athericidae. In Muscomorpha this
number is reduced even further, as these flies never have
more than four flagellomeres. Most Nematocera have
more than eight flagellomeres, with eight or fewer being
found only in the Deuterophlebiidae (4), Nymphomyiidae
(3-4), Bibionidae (7-10), Scatopsidae (5-10), Ceci-
domyiidae (7, 8), and Simuliidae (7-9). In the genus Ra-
chicerus Walker (Xylophagidae), the number of flagel-
lomeres is much greater than eight, ranging from 13 to 39
(Nagatomi 1970). This form of flagellum is unique in the
Brachycera. It is thought to be of secondary origin (Hen-
nig 1967, 1973), rather than plesiomorphic.

4. Maxillary palpus two-segmented

All brachycerous flies have two palpal segments or less.

There are no known taxa with more than this basic num-
ber, the various reports to the contrary in the literature
being erroneous. This condition is clearly derived from the
nematocerous ground-plan number of five. No known
major taxon of Nematocera has two or fewer palpal seg-
ments, although in isoiated taxa of the Tipulidae, Myce-
tophilidae, Sciaridae, Cecidomyiidae, and Scatopsidae
two or fewer palpal segments are known. The palpi are
small and vestigial in the Deuterophlebiidae and Nym-
phomyiidae. The palpi of Brachycera are usually stiff in
appearance, projecting forward, whereas they are nor-
mally pendant in Nematocera.

5. Veins CuA, and A, with apices approximate,
forming a nearly closed cell cup (anal cell)

This character was mentioned by Hennig in his work of
1954 but not subsequently in his 1973 monograph. The
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most primitive condition in the Brachvcera is found in
flies such as Pseudoerinna Shiraki (Fig. 30.2, as
Bequaertomyia Brennan) and some Bombyliidae
(Figs. 45.44-48), in which the cell cup is slightly open at
the wing margin. The vast majority of Brachycera have
this cell closed at the wing margin, and in most Muscoi-
dea the cell is quite reduced, with its apex far removed
from the wing margin. In other taxa, such as leptogastrine
Asilidae and a few Bombyliidae (such as Mancia Coquil-
lett, Fig. 45.43), the rather widely open cell cup may be a
result ofthe reduction in the anal area ofthe wing. In the
Nematocera, the anal cell is most similar to the brachyce-
rous condition in Protoplasa Osten Sacken (Fig. 6.2), but
in virtually all other taxa cell cup is widely open. The
nematocerous ancestors of the Brachycera may possibly
have approached the Brachycera in configuration of cell
cup. However, the anal region of the wing in many nem-
atocerous taxa is modified with great reduction in the
venation, so that this possibility is difficult to resolvc.

Hennig (1954) mentioned a few othcr venational fea-
tures that he thought to be apomorphic for the Brachyc-
era. Most notable of these is the fusion of R, and R,,,
which he also mentioned as being a synapomorphy of thc
Brachycera in his 1973 work. This fusion is, however, so
widespread in the Nematocera that it is dificult to detcr-
mine if it is synapomorphic for a clade larger than just the
Brachycera. The same is true lor the reduction of vein A,
and the fusion of Sc, with R,, both mentioned by Hennig
(1954) as being apomorphic for the Brachycera. These
characters cannot be considered cladisticallv useful until
much more is understood about character-state homolo-
gies in the Nematocera

PHYLOGENY OF THE INFRAORDERS OF THE
BRACHYCERA

As emphasized by Hennig (1913 , I 98 I ), the phylogcny
of the taxa within the Brachycera is not well resolved.
Traditionally, the Brachycera have bcen separated into
two or three major groups, with various names at various
ranks. Some classifications recognize two major groups,
the Orthorrhapha and the Cyclorrhapha (as in Colless
and McAlpine 1970);other schemes, such as those in Vol-
ume I of this Manual and in Hennig (1973), recognize
three infraorders, the Tabanomorpha, Asilomorpha, and
Muscomorpha. Although ranked differently in these two
systems, the Cyclorrhapha and Muscomorpha (: Mus-
coidea in the sense of this chapter) are synonymous and
represent an undoubted monophyletic group (see
Ch. I l6). The Orthorrhapha is equivalent to the Tabano-
morpha + Asilomorphaof Volume I ( :Xylophagomor-
pha * Stratiomyomorpha * Tabanomorpha * Musco-
morpha, exclusive of Muscoidea in this chapter). lt is
essentially a "negative" grouping, having the plesio-
morphic character state opposed to the apomorphic mode
by which the Muscoidea emerge from their puparium.
There is no known synapomorphy for the Orthorrhapha to
indicate that it is a monophyletic assemblage. Thus cla-
distically, the Orthorrhapha is a paraphyletic group in
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much the same way as is the Nematocera. The sub-
ordinate groups of Brachycera as recognized by Hennig
(1973) and as in Chapter I of this Manual are also ques-
tionably monophyletic, at leasrt according to our present,
very limited, knowledge of character systems within the
Brachycera. Careful survey rvork is needed throughout
the Brachycera, such that cha.racter distributions can be
delimited and used in a cladistic fashion.

The Tabanomorpha of HerLnig (1973) was character-
ized by three character states: macrochaetae absent, em-
podium pulvilliform, and tibial spurs pilose. He stated
that these were not clearly polarized, given the knowledge
of homologies at the time. The presence of both a pulvilli-
form empodium and pilose tibial spurs in scattered Nem-
atocera, including Bibionidae and Anisopodidae, indicate
that these two character states are plesiomorphic in the
Brachycera. The absence of macrochaetae is also incon-
clusive. I have seen appar(:nt macrochaetae on the
mesonotum in some species of Chrysopilas Macquart
(Rhagionidae), and they are distinctly present on the
tibiae of Atherimorpha White (Rhagionidae). Therefore
the absence of macrochaetae is probably not uniform
within Hennig's Tabanomorpha. Accordingly, present
knowledge does not provide support for the Tabanomor-
pha sensu Hennig as being a monophyletic taxon.

Fig. I 15.1 presents a clado5lram that outlines our pre-
sent knowledge of the relationships of families of
Brachycera, exclusive of the Muscoidea, which are
treated in detail in Chapter I 16. The characters are num-
bered sequentially, and the point at which the apomorphic
character state evolved is indicated on the figure by the
appropriate number. From thiii summary of relationships,
which should be regarded as tr:ntative, future studies can
expand to support or refute these ideas.

The following list summarizes the classification of the
Brachycera in a manner that reflects the cladogram in
Fig. I I 5. I . In this system I have tried to utilize categories
that corrcspond with those in Volume I and that are more
or less consistent with our knor,vledse of cladistic relation-
ships of these flies.

I nfraorder Xylophagomorph a
Family Xylophagidae
Family Pantophthalmiclae, i ncert ae s edi s
Genus Exeretoneura Mlacquart. incertae sedis
Genus Heterostomus Bigoi. incertae sedis

I nfraorder Stratiomyomorpha
Family Xylomyidae
Family Stratiomyidae

I nfraorder Tabanomorpha
Family Rhagionidae
Family Peiecorhynchidae
Family Athericidae
Family Tabanidae
Family Vermiieonidae, incertae sedis

Infraorder Muscomoroha
Superfamily Nemcstrinoi,lea

Family Nemestrinidae
Family Acroceridae
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Fig. I I 5.1 . Cladogram showing relationships of major taxa of the suborder Brachycera. Numbers indicate points
of origin of apomorphic character states and correspond to discussions in the text.
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Superfamily Asiloidea
Family Bombyliidae
Family Therevidae
Family Scenopinidae
Family Mydidae
Family Apioceridae
Family Asilidae

Superfamily Empidoidea
Family Empididae, sensu lato
Family Dolichopodidae

Superfamily Muscoidea

(See Ch. I 16 for details of classification.)

The organization of the remaining discussion follows this
classification. As stated previously, characters are num-
bered sequentially, and the apomorphic character state
immediately follows the number.

Four infraorders of Brachycera are recognized. Unfor-
tunately, knowledge of the relationships between these
infraorders remains obscure. and they are shown as an
unresolved polychotomy in Fig. 115.1. Each lineage has
apparent autapomorphic character states defining it, but
no characters that provide a basis for groupings of the in-
fraorders are known at oresent.

PHYLOGENY OF THE INFRAORDER
XYLOPHAGOMORPHA

As recognized here, this infraorder is more restrictive
than the analagous taxon used in Volume I of this Man-
ual. Volume I included in the Stratiomyoidea the Xylo-
phagidae as recognized here, as well as the Xylomyidae
and Stratiomyidae. The latter two families are excluded
here from the Xylophagomorpha because there is at pre-
sent no conclusive evidence that the three families form a
monophyletic group.

Monophyly of the Xylophagomorpha. Characters
6-8 support the monophyly of the Xylophagomorpha.

6. Larval head capsule externally elongate, cone-
shaped, and strongly sclerotized (Figs. 34.1 I I 5)

Although the head capsule is quite variable within the
Brachycera, that found in the Xylophagomorpha is
unique and therefore autapomorphic for the infraorder.

7. Larval head capsule with internal portion of cra-
nium divided, forming a pair of metacephalic
rods (Hennig 197 3)

The divided internal portion of the cranium is found in
all known xylophagid larvae (Webb 1919, 1983a, 1984;
Webb and Lisowski 1983; Krivosheina 1967). Nearly all
other Brachycera have the posterior portion of the cra-
nium composed of a single, undivided plate. Only in a few
Asilidae (Ftg. a2.19) and in the Empididae (Fig. 47.58)
and Dolichopodidae (Figs.48.4l, 48.43) are paired meta-
cephalic rods also found. ln these three famiiies. the rods
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are fundamentally different; they are articulated to the
anterior, exposed portion of the cranium, rather than
being continuous with it. Furthermore, many asilids have
the plesiomorphic, undivided cranium. Subdivision of the
cranium has likely evolved rnore than once, although
Teskey (Ch. 3) has suggested that a possible precursor to
the hinged condition found in Asiloidea and Empidoidea
is found in Xylophagus.

8. Anal segment of larv,a with sclerotized dorsal
plate that surrounds rrhe spiracles, ending in a
pair of hook-like processes (Figs. 34.1 l-l 2; Hen-
nig 1973)

This character state is unique to the Xylophagomorpha
and is found in all known larvae of the group (see refer-
ences for character 7). It is undoubtedly autapomorphic
for the lineage.

Discussion. Only the family Xylophagidae, as recog-
nized in Volume I of this Manual, can be placed in this
infraorder with certainty. There are I I 1 species of xylo-
phagids included in the following genera: Rachicerus
Walker (66 species), Gymnorh'achicerus Frey (1 species;
Oriental), Paleorachiceras Nagatomi (1 species; Orien-
tal), Xylophagus Meigen (19 species), Anacanthaspis
Roder (1 species; Palearctic), Arthropeas Loew (4 spe-
cies), Coenomyia Latrellle (3 species), Dialysis Walker
(12 species), Napemyia Webb (1983b, possibly : Dialy-
sis, 1 species; Nearctic), and r)dontosqbula Matsumura
(5 species; Palaearctic). I disagree with authors who sub-
divide the Xylophagidae into ttrree smaller families (Hen-
nig 1973; Nagatomi 1977; Webb 1983a,b), recognizing
the Coenomyiidae and Rachiceridae as well as the Xylo-
phagidae. These authors leave the Xylophagidae with
only a single genus (Xylophasius) and the Rachiceridae
with three (Rachicerus and its two small segregates,
Gymnorhachicerus and Paleorachiceras). Given the au-
tapomorphic features that characterize the Xylophagidae
as recognized here, these smail segregates seem unwar-
ranted. All but one of the featrLrres utilized by Nagatomi
(1971) to characterize the Xylophagidae and Rachiceri-
dae are probably plesiomorphic. The exception is the un-
usual pectinate, multisegmented antennal flagellum of
Rachicerus and its allies, which is probably autapo-
morphic (Hennig 1961, 1973). Some evidence, such as
the reduced alula of the win51 (Hennig 1973) and the
fused first-cercal segments in adult females (Nagatomi
and Iwata 1976, Figs. 4 6), which are probably apo-
morphic, indicates a possible sister-group relationship
between Xylophagus and Rachicerus and allies. Larvae
are unknown for Gymnorhac,hicerus, Paleorachicerus,
Anacanthaspis, Odontosabula, and Napemyia, but, ow-
ing to their general similarity t.o other genera within the
Xylophagidae, their placement seems relatively certain.

Three taxa should be included here as incertae sedis.
They are the family Pantophthalmidae and the isolated
genera Exeretoneura Macquart and Heterostomus Bigot.
They are all exotic to the Nearctic region but have been
associated with the Xylophag,omorpha by various au-
thors; therefore brief comments seem appropriate here.
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Family Pontophthalmidae. This small family of
strictly Neotropical flies consists of two genera, Opetiops
Enderlein (1 species) and Pantophthalmus Thunberg (19
species) (Val 1976). Hennig (1973) suggested that the
family is the sister group of the Coenomyiidae, Xylo-
phagidae, and Rachiceridae combined (i.e. Xylophagidae
as recognized here). However, he did not present evidence
to support this opinion. The larvae of Pantophthalmidae
have none of the derived features of the Xylophagomor-
pha outlined above, but these features are possibly apo-
morphic for the Xylophagidae only, and undiscovered
characters may eventually support the relationship oi
pantophthalmids to xylophagids. The adults have lost
spurs on both the front and hind tibiae and have a closed
wing cell m,. The larvae have a large sclerotized plate
dorsally on the anal segment, but the plate does not have a

forked posterior process, and the spiracles are encloscd in
a deep ventral cleft. The larvac also have lateral gill-like
structures at the loremargin of the anal segment. All
these features are probably autapomorphic for thc family.
Larval structures are summarized by Greene and Urich
( 193 I ). These flies are very large in size, among the larg-
est dipterans, and have a unique general appearance. Fur-
ther evidence is necessary before their relationships to
other primitive Brachycera can bc elucidated. However,
the idea of Mackerras and Fuller (1942: 31), that the
Pantophthalmidae arose lrom within the Stratiomyidae,
is clearly untenable.

Genus Heteroslomus. This gcnus is monot,vpic, rvith
the single species, H. curvipalpis Bigot, known only from
Chile. This fly has a general appearance not unlikc somc
of the larger xylophagid genera. Unfortunatcly, the larva
is not known. Malloch (1932), quoted later by Hennig
(1912), stated that Heterostomus had a gencral habitus
very similar to that of Austroleplis Hardy (Rhagionidae).
In my opinion, the two genera are very different in general
appearance. Heterostomus is much larger than Austro-
leptis and has many structural differences, including thc
wing venation and terminalia of both sexes. Although
Malloch was right in excluding Heterostomus from the
pangoniine Tabanidae, where it had been placed by
Krober ( 1930), it cannot be considered a rhagionid. Hen-
nig (1972) suggested that the gcnus was possibly a pclc-
corhynchid, based on similarities of wing venation. This
theory can also be refuted, based on present knowledge.
Heterostomus lacks the bulbous clypeus found in the
Tabanomorpha, which includes both the Rhagronidac
and Pclecorhynchidae. I prefcr to place Heterostomus in
the Xylophagomorpha as incertae sedis, admittedly based
only on its similarity in appcarance to some mcmbcrs of
the Xylophagidae. Nagatomi (1977) considered rhe ge-
nus to belong possibiy to the Coenomyiidae, and he later
(1981, 1982c) erected a separate family for it. Positive
placement ol the genus will probably be difficult until the
larvae are discovered.

Genus Exeretoneura. This small genus contains four
species from eastern Australia and Tasmania. Macquart
(1846) originally placed the genus in the Leptidae
(: Rhagionidae), and most authors until recently have
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considered it to belong to the Nemestrinidae because of
its peculiar wing venation (see Bernardi 1912 for review).
Paramonov ( 1953), in the last taxonomic treatment of the
genus, included it in the Nemestrinidac, but he noted the
doubtfulness of this placement and mentioned similarities
between Exeretoneura and Coenomyia and related gen-
era. After studying the world genera of Nemestrinidae,
Bernardi (1912\ excluded Exeretoneura from that fam-
ily, presenting evidence that similarities in wing venation
were probably convergent rather than synapomorphic.
Nagatomi (1911) again capsulized the similarities
between Exeretoneura and his concept of Coenomyiidae
and proposed the family Exeretoneuridae for the genus,
but he stated "it may possibly be better, however, to rele-
gale Exeretoneura inlo the Coenomyiidae." As in Heter-
ostomus, the larvae are not known, and their discovery
will be instrumental rn placing the genus for cortain. The
unique features of the wing venation, and the peculiar
overall appearance ol the genus, may indicate an isolated
position for Exeretoneurq wiLhin the more primitive
Brachycera; perhaps it may be reasonable to maintain
Exeret()neura in its own family. At present I prefer to
treat it as incertae sedis in the Xylophagomorpha, as I
feel that proposal of new families for small segregate gen-
era obscures their systematic position and is warranted
only when good cladistic information supports such
action.

PHYLOGENY OF THE INFRAORDER
STRATIOMYOMORPHA

Hennig (1913), Steyskal (1914), and Nagatomi (1911)
have all placed the Stratiomyomorpha nearest the
Xylophagomorpha in putative phylogenies of Brachycera.
However, none of thesc authors presented character ev-
idence that supports the sister-group relationship of the
two groups in a cladistic fashion. The infraorder as recog-
nized here contains two families, the Xylomyidae and
Stratiomyidae. In another work (Woodley 1983) | have
presented much of the information included here, as well
as some comments on the relationships of subordinate
taxa within the Stratiomyidae.

Monophyly of the Stratiomyomorpha. Characters
9- I 2 support the monophyly of the Stratiomyomorpha.

9, Pupation within the last larval integument

Pupation within a puparium formed from the last larval
integument is unique to the Stratiomyomorpha within the
more primitive Brachycera and is clearly apomorphic.
Such a puparium is absent in all other Diptera except the
Muscoidea ( : Cyclorrhapha, Muscomorpha), in which it
has evolved independently. Austen (1899) presented the
best early review ofthis character, and since that time the
Xylomyidae have been considered close relatives of the
Stratiomyidae, although this similarity had been noted at
least as early as Westwood's (1840) general work. In my
ooinion. this character is the most obvious and conclusive
synapomorphy linking two families of brachycerous flies.
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10. Larval cuticle encrusted with "warts" of calcium
carbonate

Again, this character state is unique to the Stratiomyo-
morpha. lt is not found in any other Diptera and is, there-
fore, very strong evidence for the monophyly of the in-
fraorder. McFadden (1967) briefly reviewed earlier
papers discussing the morphology of these cuticular
deposits.

As the larvae of the Stratiomyomorpha are so unusual
and unique within the Diptera, a detailed study would
almost certainly reveal many additional autapomorphies
for the infraorder. Excellent summaries of larval mor-
phology, which include many illustrations, have been pre-
sented by Rozkobnj, (1913,1982, 1983).

ll. Loss oftibial spurs onfront legs

No Stratiomyomorpha are known to have tibial spurs
on the front legs, and I consider this autapomorphic. The
xylomyid genus Coenomyiodes Brunetti was originally
described (Brunetti 1920) as having one spur on the front
tibia, but Nagatomi (1982c) reported that there was
none. My subsequent examination of the holotype has
confirmed that no spur is present. Within the primitive
Brachycera, only the Pantophthalmidae have lost front
tibial spurs, apparently independently, although it cannot
be completely precluded that this feature is synapo-
morphic between Stratiomyomorpha and this family.

12. Abbreviationofcostal vein

Hennig (1961 , 1973) has considered the lermination of
the costal vein at M, or before as autapomorphic for the
Stratiomyomorpha. In most Xylophagomorpha, the costa
is clearly circumambient, continuing around the wing. In
Xylophagus, it continues to vein CuA, and is faint beyond
that point, but it is still visible in larger specimens. ln
Rachicerus, Nagatomi (1911) stated that the costa ends
"at or beyond wing tip." ln specimens of some larger spe-
cies that I have examined in the genus (e.g. R. obscuri-
pennis Loew), the costal vein gradually becomes weak
beyond R, but is visible at least to CuA, * M,. In other,
small species (e.g. R. fulvicollis Walker), rhe costa
becomes more quickly reduced beyond R, and is appar-
ently absent beyond M, in some species. in Xylomyidae,
the costa ends abruptly at M, in Coenomyiodes, X1,-lomya
Rondani (Fig. 35.3) and in some species of Solva Walkcr,
and at M, in some So/va (Fig. 35.2) and in Arthropeina
Lindner. In nearly all stratiomyids, the costa ends
between R, and M,, but at least in a few Chiromyzinae
that I have seen it may continue weakly beyond that
point. lf the end of the costa diminishes gradually, it is
sometimes diflrcult to ascertain where it actually stops,
especially as the bases of the frne hairs that are found
along the posterior margin of the wing may cause the edge
to appear thickened.

Because of the ambiguity in interpreting where the
costa actually ends in some stratiomyids and in Rachice-
rus, at present it is impossible to determine whether re-
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duction of the costa is synapomorphic for the Stratiomyo-
morpha + Rachicerus ol: whether it represents
homoplasy. Thus, it is rather u'eak evidence for the mono-
phyly of the Stratiomyomorpha, as proposed by Hennig.

Hennig (1961) considere,C the sclerotized bridge
between the prosternum and proepisternum found in
many stratiomyids and xylomyids to be synapomorphic.
However, the lack of such fusion of these sclerites in the
primitive stratiomyids Allogn,osta Osten Sacken (Naga-
tomi 1977) and Parhadrestia James (Woodley 1986)
casts doubt on this character.

Monophyly of the Xylomyidcre. The Xylomyidae is a
small family of flies ( 107 descr:ibed species) present in all
zoogeographic regions. I recognize lour genera in the
family: Arthropeina Lindner (1 species; Neotropical),
Coenomyiodes Brunetti ( I species; Oriental), Soha
Walker (73 species), and Xylomya Rondani (32 species).
Characters 13-16 support the monophyly of the
Xylomyidae.

13. Presence of only two sp'srm6|hecae inJemale

Females of all xylomyids I have examined have only
two spermathecae, whereas all Xylophagomorpha and
nearly all Stratiomyidae have three, the number believcd
to be plesiomorphic for Diptera (Downes 1968, Hennig
1973). Webb (1984) reported only two spermathecae for
Rachicerus. but all sDecimens that I have examined have
three. Loss of one spermathecir in xylomyids is, therefore,
strong evidence for monophyly of the flamily. I have ob-
scrved a few stratiomyids in which only two spermathecae
are present (e.g. members of the genus Euparyphus Ger-
stacker), but in these cases lc,ss of one spermatheca can
certainly be attributed to homoplasy, as closely related
genera in all known cases have three.

14. Gonocoxal apodemes of male terminalia very re-
duced or absent

All xylomyids that I have seen have their gonocoxal
apodemes greatiy reduced or absent. The "dorsal lobe of
basistyle" (Nagatomi and Tanaka 1971) may be homolo-
gous with gonocoxal apodemes, as implied by RozkoKny
(1973), who called them "dorsal processes of the
synsternite." Because these lotres are quite variable in size
and shape (see figures in Naga.tomiand Tanaka 1971), it
is difficult to determine wheth,lr they are indeed homolo-
gous to the gonocoxal apodemes. Regardless of whether
the gonocoxal apodemes are absent or merely very re-
duced, this region of the male terminalia is highly modi-
fied in a manner unique to xyllomyids and can be consid-
ered autapomorphic for the farnily.

15. Spermathecal ducts very long

All xylomyids that I have examined have very long
spermathecal ducts, longer to much longer than the abdo-
men. ln Xylomya, the ducts are about twice as long as the
abdomen and are folded once near thc middle; hence. the
spherical spermathecae thems,slves are near the posterior
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end of the abdomen . In Solva, the ducts are even longer
and are coiled several times within the abdomen. In most
Xylophagomorpha and in Stratiomyidae, the ducts are
shorter than the abdomen and are more or less straight. ln
Xylctphagus, the ducts are extremely long and are coiled
within the abdomen, but unlike xylomyids, they end in
generally membranous spermathecae. Webb's (1979)
statement that this genus lacks terminal spermathecae is

incorrect. ln Rachicerus, the ducts are not as long as the
abdomen, are not coiled, and end in well-sclerotized sper-
mathecae. At present I hypothesize that very long sper-
mathecal ducts have evolved independentiy in xylomyids
and Xylophagus, and therefore the character state is au-
tapomorphic for Xylomyidae. However, very long sper-
mathecal ducts could also be considered synapomorphic
for Xylctphagas and xylomyids, in which case they would
have had to become shorter again in stratiomyids. Careful
study of the spermathecal apparatus in more primitive
Brachycera could well provide a suitc of characters useful
in cladistic analysis of these llies.

16. Wing cell mrclosed before margin (FiSs. 35.2-3)

This character state has been used by most authors to
differentiate between xylomyids and stratiomyids. It is

considered a derived state, in comparison with a widely
open cell m3, as found in Xylophagus (Fig. 3a.a). Al-
though a closed cell m. is possibly synapomorphic
between xylomyids and some subgroup of Xylophagomor-
pha, its distribution within the Xylophagomorpha is not
uniform. Without corroborating information. the useful-
ness of this feature remains ambiguous. If xylomyids and
the sister group of the Stratiomyomorpha share a closed
cell m,, then stratiomyids likely exhibit wing venation
that is even more derived, rather than being plesio-
morphic as thought by Hennig (1973). Therefore, the
open cell m, found in stratiomyids may be secondarily
evolved. This theory may not be as unlikely as it seems at
hrst. The ends of veins M,, M2, M3, and CuA, are often
weak in stratiomyids, especially Mr. In fact, in the major-
ity of stratiomyids, M, is abbreviated. In the most primi-
tive forms (Parhadrestia, Chiromyzinae, and Beridinae)
it is abbreviated in length in all genera, except in the beri-
dine genus Exaeretina Enderlein in which the end of the
vein is weak. An open cell m. could have been formed sim-
ply by the loss of the distal portion of the cell combined
with the migration of the radial and medial veins toward
the costal margin of the wing.

Monophyly of the Stratiomyidae. Hennig (1973) has
remarked that autapomorphic character states for the
stratiomyids have not been clearly worked out. Because
these flies are so distinctive, however, there has been rela-
tively little controversy over the included subgroups. The
family is a large one, with about 400 currently recognized
genera and well over 2000 described species. Characters
1l -20 are considered to be autapomorphic for the family.

17. Loss ofspurs on hind tibiae

No known stratiomyids have spurs on the hind tibiae.
This loss is considered autapomorphic, as nearly all
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xylomyids and Xylophagomorpha have two apical spurs
on the hind tibiae, with the following exceptions. The
Pantophthalmidae all lack hind tibial spurs, which proba-
bly represents an independent loss. In the Xylomyidae, all
species of Arthropeina and Xylomya known to me have
two hind tibial spurs. In most species of Solva, the hind
tibiae have two spurs, but some possess either one or none
(Daniels 1976, Nagatomi 1981). I have examined some

species that have two hind tibial spurs, both of which are
greatly reduced in size. The loss of one or both hind tibial
spurs in So/va has clearly occurred independently of that
in stratiomyids.

18. Female cerci separated by abdominal tergite l0

In all known stratiomyids, the female cerci are widely
separated at their bases by abdominal tergite 10. This fea-
ture has been illustrated for a number of taxa by Naga-
tomi and lwata (1978), who used the character state as a

diagnostic feature for the family in their key. In xylomy-
ids and all Xylophagomorpha except Pantophthalmidae,
the cerci are virtually contiguous at their bases. ln the
pantophthalmids, the female cerci are somewhat sepa-

rated by tergite 10, but they are much closer together
than are those of stratiomyids and tergite 10 is notably
smaller. This similarity thus seems superficial and likely
is the result of convergence.

19. Radial veins crowded toward costal margin of
wing (Figs.36.27-37)

This character state has been used frequently to char-
acterize the stratiomyids in keys, and I believe it is autap-
omorphic for the family. The best indicator of this feature
is that vein R. ends before the wing apex. In the more
primitive members of the family (Parhadreslia, Chiro-
myzinae, and Beridinae), the radial veins are more widely
spaced than in more derived taxa, but R, still ends dis-
tinctly before the wing apex except in a few Beridinae. In
these unusual taxa, an example of which is Macromeracis
philippii (Rondani), R, ends only slightly before the wing
apex. In these cases, the anteroapical region of the wing
has probably become secondarily enlarged, as cells rr*,
and ro are abnormally large, even though vein Rr*, is,

crowded toward the costa. In xylomyids and nearly all
Xylophagomorpha, vein R, ends at the wing tip or well
beyond it (Figs. 34.2 3;35.2-3). In a few Xylophagus
that I have seen, R, ends slightly before the wing tip. Oth-
erwise, only in Exiretoneura does R, end before the wing
apex, and in this unusual genus the venation is quite pecu-

liar and the vein homologies are not clearly worked out
(Bernardi 1912).The character state found in this genus

is most probably not synapomorphic with stratiomyids,
especially because the apex of R, curves distinctly toward
the anterior margin of the wing. Otherwise, Nagatomi
( 1 98 I ) has hypothesized that both the states of R, ending
well before and well beyond the wing tip are derived, and
that the plesiomorphic state is one in which R, ends near
the wing apex. This putatively plesiomorphic state is

found in xylomyids, Xylophagus, Rachicerus, and
Helerostomus.
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20. Discal cell reduced in size

I consider the small size and more-or-less rounded
shape of the discal cell to be autapomorphic for stratiomy-
ids (Figs. 36.21-31). The exact nature of this character
state is difficuit to describe, as it is somewhat variable
within the family. Nevertheless, this feature of the wing
venation is distinctive and easily recognizable by those
familiar with soldier flies. The discal cell of stratiomyids
is smaller in relation to the total area of the wing than it is
in most Xylophagomorpha. In xylomyids, Xylophagus,
and Rachicerus, Ihe discal cell is commonly a little
smaller than it is in other Xylophagomorpha, but its shape
is quite different than that found in stratiomyids. It is
elongate along the longitudinal axis of the wing. more
than two times longer than high, with the anterior and
posterior edges nearly parallel sided. It is located near the
middle of the wing, in the anterior-posterior axis. In the
Stratiomyidae in which the discal cell is largest (e.g. in
some Chiromyzinae and Antissinae), the cell is shorter
and broader, the anterior and posterior edges are not
nearly parallel, and the length is at most about twice the
height (but usually the length and height arc nearly
equal). The discal cell is also closer to the anterior edge of
the wing. I regard this unique form of the discal cell to be
autapomorphic, as none of the potential outgroups of the
Stratiomyomorpha, nor the Xylomyidae, exhibit such
conformation.

PHYLOGENY OF THE INFRAORDER
TABANOMORPHA

Four families can definitely be assigned to this in-
fraorder, and the placement of these taxa together has
been accepted by most recent authors (Hennig i973,
Stuckenberg 1973, Nagatomi 1977). The families Taba-
nidae and Athericidae (since the latter was recognized by
Stuckenberg 1973) have not been controversial, whereas
the limits of the Rhagionidae and Pelecorhynchidae have
changed repeatedly (see Chs. 30, 33; Nagatomi 1977,
1982a; Krivosheina 1971). I prefer to place the Vermile-
onidae in the Tabanomorpha, its traditional placement, in
contrast to its assignment in the Asiloidea (Ch. 39) for
reasons discussed below. However. it is olaced here as iit-
certae sedis.

Monophyly of the Tabanomorpha. Characters 2 1-23
apparently support the monophyly of the Tabanomorpha
as recognized here.

21, Larval mandible with mandibular brush near its
base

Hennig ( 1973) mentioned this feature as the sole char-
acter he was aware of that supportcd the recognition of
the Tabanoidea ( : Tabanomorpha as used here) as a
monophyletic group. The character is unique to the group
(see Ch. 3, Figs. 3.6-1). Hennig (1961 , 1973) pointed out
that the larvae of many of the more primitive genera of
Rhagionidae are unknown, so therc is some uncertainty
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that the character is found throughout the
Tabanomorpha.

22. Larval head retractile

In all known larvae of Tabranomorpha the head is re-
tractile into the thorax. The hrlad is permanently exerted
in Xylophagomorpha and Stratiomyomorpha, as weil as

in some Asiloidea (e.g. Scenopinidae and Therevidae).
Therefore a retractile head is apparently autapomorphic
for the Tabanomorpha.

23. Adult with convex, bul,bous clypeus

Nagatomi (1981) thought that a swollen, bulbous face
was derived from a flat, plate-like facial area, as found in
Xylophagomorpha and Stratiomyomorpha. Such a facial
morphology is found throughout the Tabanomorpha
(Figs. 30.4, 31.2-4,32.2-3,33.3) and seems to be autapo-
morphic for the infraorder. The only apparent exception
is the genus Austroleptis Harcly (found in Australia, Tas-
mania, Chile, and Argentina), which has a flat clypeus.
Although the genus is tra.ditionally placed in the
Rhagionidae ( Hennig 197 2), its assignment to the family
is questionable (Nagatomi 1982a) and will probably re-
main in doubt until its larvae are known.

Relationships between families of Tabanomorpha.
The four families definitely ascribed to the Tabanomor-
pha have been studied by various authors, and characters
that are of value in defining their relationships are avail-
able. Fig. 115.2 presents a cladogram with character-
state distributions that I believe show the most support for
these relationships.

As pointed out several times by Hennig (1961, 1912,
1973), good, derived features that may be used to define
the Rhagionidae unambiguously are not known. Hennig
(1912) suggested one, the supposed sharp separation of
the first antennal flagellomere from those distal to it. The
value of this character, however, seems dubious, as cer-
tain genera assigned to the rhagionids, such as Arthro-
ceras Williston and Atherimorpha White, have the basal
flagellomere little differentiated from the others (see fig-
ures in Nagatomi 1982a). Thc,se features used to charac-
terize the Rhagionidae by Nagatomi (1971) seem to me
to be plesiomorphic or ambiguLous at present. The family
is of moderate size, with about 520 species placed in the
following genera: Auslroleptis Hardy, Alloleptis Naga-
tomi & Saigusa, Archicera Sililddy, Arthroceras Willis-
ton, Arthroteles Bezzi, Atheri,morpha White, Bolbomyia
Loew, Chrysopilus Macquart, Desmomyia Brunetti, Iil-
oleptis Chilcott, Neorhagio Lindner, Ptiolina Zetter-
sredt, Rhagina Malloch, Rhagio Fabricius, Schizella
Bezz| S o I omomy i a N agatomi, S p ani a Meigen, S p aniop-
sis White, Spatulina Szildd'y, Stylospania Frey, and
Symphoromyia Frauenfeld. Nagatomi (1982a) pre-
sented the most recent review ,cf the world genera, but he
includes Glutops Burgess andl Pseudoerinna, which are
treated here as Pelecorhynchidae. As mentioned pre-
viously, Kovalev (1981, 1982) treated some fossil species
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of rhagionids from the Jurassic, which have wing struc-
ture little different from present-day members of the fam-
ily. They represent the oldest fossil Brachycera that are
definitely assignable to an extant family.

Character 2.1 supports the monophyly of thc group
Pelecorhynchidae * Tabanidae + Athericidae.

2.1. Larval mandible with poison canal

Tabanidae (Ch. 31), Athericidae (Webb 1977), and
Pelecorhynchidae (Teskey 1970, for Glutops), based on
what we know of their larvae. all possess a canal in the
center oi each mandible. used for injecring poison into
their prey. Known larvae of Rhagionidae (Ch. 33) have
no such poison canal. This apomorphic feature indicates a
monophyletic origin of the three families that possess the
poison canal. Stuckenberg (\973:669) gives a bricf sum-
mary of this character.

The Pelecorhynchidae is a small family, which is com-
posed of three genera: Glutops Burgess ( I I species), Pele-
corhynchus Macquart (36 species, from Australia, Tas-
mania, and Chile), and, Pseudcterinna Shiraki (2 species;
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Fig. 115.2. Cladogram showing distributions ol-character states, showing relationships of families in thc in-
fraorder Tabanomorpha. Open squares indicate plesiomorphic character stales; solid squares indicate apomorphic
states; and half-fitled squares indicate characters in which both states are found in a single lineagc. Numbers corre-
spond to discussions in the text.
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Bequaertomyia Brennan, treated in Chapter 30, is a syno-
nym according to Nagatomr I982a,b). Nagatomi (1982a)
treated Glutops and Pseudoerinna as rhagionids, and
Krivosheina (191 1) erected the Glutopidae for Glutops, a

move rejected by Kovalev (1981). Glutops and Pseudoer-
inna are more similar in general appearance to Rhagion-
idae than is Pelecorhynchus, but, based on the extreme
similarity of the general body form of larvae of Pele-
corhynchus and Glutops (Teskey 1970) and on the dif-
ference between these and known rhagionid larvae, the
two are likely closely related. The larvae are not known
for Pseudoerinna.

Characters 2.2 and 2.3 support the monophyly of the
Pelecorhynchidae.

2.2. First segment of female cercus with strong lateral
proces s

All three genera included in the Pelecorhynchidae here
have a strong lateral process on the lirst segment of the
female cercus (illustrated by Nagatomi and lwata 1976:
Figs. I I , 1 7, I 8). A similar morphology is found only in a
few rhagionids (Nagatomi and Iwata 1976: Figs. 14,20,
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2l), but the lateral lobe is not as strongly attenuate api-
cally in these taxa. This character state is therefore ap-
parently autapomorphic for the Pelecorhynchidae. If thc
similar character state in the rhagionids was found to be
synapomorphic with that of pelecorhynchids, thc latter
could be treated as rhagionids. But, because of strong ev-
idence (character 2.1) supporting the monophyly of thc
Pelecorhynchidae + Tabanidae -| Athericidae, the sim-
ilarity of the female cerci in pelecorhynchids and
rhagionids seems more likcly the result of convergence.

2.3. Larva with stout spines laterally on labrum and
apically on maxilla

This character state is apparently unique in thc Pele-
corhynchidae ( Mackerras and Fuller I 942, Teskey I 970)
and is therefore autapomorphic for the farmily.

Characters 2.4 2.1 provide evidence for the sister-
group relationship between Pelecorhynchidae and Atheri-
cidae * Tabanidae by supporting the monophyly of the
latter group.

2.4. Male terminalia with hypandrium Jused to
gonocoxites

Stuckenberg (1973) noted that Athericidae have the
hypandrium fused to the gonocoxites, which is also the
case in Tabanidae (Ch. 31). Many rhagionids, in contrast,
have the hypandrium free of the gonocoxites (as in
Fig. 33.14), as do Glutops and Pseudoerinna in lhe Pele-
corhynchidae. Some rhagionids, such as somc Chryso-
pilus and Spaniopsis (Stuckenberg 1973) and Pele-
corhynchus (Mackerras and Fuller 1942), have the
hypandrium partly to completely fused to thc gono-
coxites. Thus it appears that, although this character
state is apomorphic for Athericidae * Tabanidae, it has
evolved independently in other lineages.

2.5. Male terminalia wilh long aedeagal tines present

Stuckenberg (1973) first mentioned this character in
terms of the relationshio of the Athericidae and Tabani-
dae. The presence of iarge aedeagal tines (sometimes
called endophallic tines) is limited to these two families
(see Fig. 32.6; Stuckenberg 1973: Figs. 5, l1 l3), al-
though Stuckenberg mentioned possible "precursor"
structures in some Rhagio and Atherimorpha in the
Rhagionidae (see his Fig. 8). These tines are not nearly as
strongly developed as are those in the Athericidae and
Tabanidae.

2.6. Female cercus one-segntented

In all known Athericidae and Tabanidae the cerci of
adult females are one-segmented. In some more primitive
tabanids, there is evidence of the two original segmenls
(as in Fig. 31.42), but fusion is present. In rhagionids and
pelecorhynchids, the cerci are two-scgmented without ev-
idence of fusion (see Nagatomi and lwata for various
figures). The only exception is the enigmalic Austrolep-
tis, which has one-segmented cerci (Nagatomi and Iwata
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1976: Fig. 34). As already mentioned, its placement in the
Rhagionidae is uncertain, but it certainly cannot be

placed in either the Athericidae or Tabanidae.

2,7, Metathorax wilh posts,oiracular scale

Stuckenberg (1973) discussed this character and its
significance and provided figures of the scale in both the
Athericidae and Tabanidae (see his Figs. 36 39). Pres-

ence of ths scale is unique to the two families.

The Athericidae is a small family of about 90 species
placed in seven genera: Atherix Meigen, Atrichops Yer-
rall (Palaearctrc), Dasyommq Macquart (Neotropical,
Australian), Pachybates Bezz:i (Afrotropical), Suragina
Walker, Trichacantha Stuckenberg (Afrotropical), and
Xeritha Stuckenberg (Neotropical). Previously consid-
ered rhagionids, they were given family status by
Stuckenberg (1913) when their closer relationship to
Tabanidae rather than Rhagionidae was demonstrated.
The characterization of the family was discussed in some
detail in Stuckenberg's paper, based on adult
morphology.

Characters 2.8-2.10 support the monophyly of the
family.

2.8, Larva with abdominal segments one to seven with
paired ventral prolegs ermed with apical crochets

The known larvae of athericids are very distinctive in
general habitus. One of the most striking features is the
series of abdominal prolegs along the venter, each of
which has a circle of apical claw-like crochets (Fig. 32.1).
Larvae are known for Atherir, Atrichops, and Suragina,
and figures are available for -lapancse members of these
genera (Nagatomi 1961). These structurcs are unlike any
others in the Diptera and are certainly autapomorphic for
the Athericidae.

2.9. Wing with vein Rr*, shortened, ending near R,
(Fig. 32.4)

Stuckenberg ( 1 973) noted the significance of this char-
acter, which is found throughout athericids but not in
other Tabanomorpha, with thr; exception of a fcw species
of the rhagionid genus Cftr;lsopilus (see Stuckenberg
1973: Fig. 47).lnChrysopilus' thecondition has probably
arisen by convergence, as mosl of the species of the genus
have typical rhagionid venalion in which Rr*, is not
shortened.

2.10. Antennalflagellum stylate (Figs. 32.2-3)

As the previous characters, seem to provide good ev-
idence that the phylogeny of tlhe Tabanomorpha is as pre-
sented in Fig. 115.2, the st1rl31" antennal flagellum is
probably autapomorphic for Athericidae. The Pele-
corhynchidae and Tabanidae have a more plesiomorphic,
less modified flagellum than the Athericidae. One must
then assume that the stylate condition as found in some
rhagionids (Figs. 33.5 7) has resulted from convergence.
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There is a tendency toward the evolution of a thick, com-
pact base to the antennal flagellum with an apical style or
arista. This trend occurs in numerous. indeoendent lin-
eages of more primitive Brachycera, such as Dialysis
(Xylophagidae), many Stratiomyidae, Rhagionidae, and
Athericidae.

The Tabanidae is one of the larger families ol Diptera,
worldwide in distribution, with I 26 recognized genera
containing 2965 species (Moucha 1976). The monophyly
of the family has not been doubted, although occasionally
genera of Pelecorhynchidae and Heterostonus have been
included as aberrant genera in the family, a conclusion
that has been discounted by recent authors. A thorough
search should reveal many autapomorphic features; only
two of the most conspicuous are treated here.

2.11. Fork of vein Ro * , encompassing wing tip

This feature has long been used to characterize the
Tabanidae in identification keys. The only taxon within
the Tabanomorpha but outside the Tabanidae '"r,ith thc
character state is the genus Pelec'orhy'ncll.s, which has
led some earlier authors to consider that genus to be a
member of the Tabanidae. A vaguer similarity exists
between Pseudoerinna and tabanids, but in this genus the
fork is not nearly as divergent as in tabanids (compare
Fig. 30.2 with Figs. 31.28 38). Nagaromi (1981) gives a
general survey of the character states of vein Rr*, and
their polarity and distribution within the primitive
Brachycera.

2.12. Lower calypter much enlarged

Another conspicuous feature of the Tabanidae, unique
to the family within the Tabanomorpha, is the enlarged
lower calypter. It is without doubt autapomorphic for the
family.

Family Vermileonidae, incertae sedis. The Vermile-
onidae is a small family composed of four genera'. Lam-
promyia Macquart (19 species; Palaearctic, Afrotropi-
cal), Vermileo Macquart (8 spccies; widespread),
Vermiophis Yang (1 species; China), and Vermitigris
Wheeler (3 species; Oriental). No one has questioned the
monophyly of this group of genera. Adults have autapo-
morphic features, which include the reduction of the wing
base and alula and the slender, clavate abdomen (Hennig
1967). Larvae exhibit many derived features, such as the
reduced mouthparts, the ventral proleg on the first ab-
dominal segment, and behavior that is amazingly conver-
gent to that of antlions (Neuroptera: Myrmeleontidae).
Larvae of vermileonids and antlions both construct sand
pits as pitfall traps for their ant prey.

The placement of the family within the Brachycera has
been unsettled recently. Hennig (1913) recognized the
vermileonids as a subfamily of Rhagionidae, their tradi-
tional placement. Nagatomi (1911) first gave the group
family rank, but noted "the true position of this family is
still obscure." Teskey (Ch. 39) regarded the group as
being related to the Asiliformia (sensu Vol. l), based on
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the resemblance of their male terminalia to those of Ther-
evidae and on the similarity of the mouthparts of the lar-
vae to those of Empidoidea.

I believe that the family cannot be related to Asiloidea,
because at least some vermileonids have eight antennal
flagellomeres and all possess true tibial spurs. Also, the
females notably do not possess acanthophorites, despite
the fact that they oviposit in sand. Finally, Vermileonidae
have a pulvilliform empodium, which is plesiomorphic
relative to Asiloidea.

The family is placed in the Tabanomorpha here, but as
incertae sedis; although the larvae have a retractile head,
they lack the mandibular brush (which could have been
lost, however, with reduction of the mouthparts). The
adults generally do not have a bulbously developed cly-
peus, although in Lampromyia the face is protuberant
(Stuckenberg 1960: Figs. I ,25,46) but in a manner dif-
ferent from typical Tabanomorpha. This development is
probably related to the musculature used to move the long
proboscis found in the genus. Therefore the Vermiieon-
idae can be placed in the Tabanomorpha only with uncer-
tainty until more evidence is available to elucidate their
phylogenetic position in the Brachycera. The family is
apparently an old one. The Upper Jurassic fossil genus
Archirhagio Rohdendorf is quite possibly a vermileonid
(Hennig 1961, 197 3;Rohdendorf I 974).

PHYLOGENY OF THE INFRAORDER
MUSCOMORPHA

The limits of the infraorder Muscomorpha as I recog-
nize it here are much wider than those used in Volume 1

of this Manual, as I have included nearly all the families
of the Asilomorpha, excluding only the Vermileonidae. I
prefer to recognize the infraorder broadly because as such
it is equivalent to the other recognized infraorders of
Brachycera, based on our knowledge of the phylogeny of
the suborders at present.

Monophyly of the Muscomorpha. Characters 24-26
support the monophyly of the Muscomorpha.

24, Antennal Jlagellum with only four (or fewer)
flagellomeres

All the families in the Muscomorpha have only four
antennal flagellomeres, or fewer if further reduction has
taken place. This number is contrasted to the plesio-
morphic condition of eight flagellomeres for the more
primitive Brachycera. All the families of the Xylophago-
morpha, Stratiomyomorpha, and Tabanomorpha, with
the exception of the Athericidae, have at least some mem-
bers in which the flagellum has eight flagellomeres, al-
though reduction has occurred independently in several
families.
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25. Tibial spurs lost

No member of the Muscomorpha possesses true tibial
spurs. Hennig (1916) stated that they were present in the
Phoridae but not in any other family included here in the
Muscomorpha. According to Hennig (after Edwards
1938:6), true tibial spurs could be identified by their pi-
lose vestiture. However, I have examined some phorids in
the course of this study and found that although the bris-
tles surrounding the end ofthe tibia bear pilosity, they are
inserted into the tibia itself rather than into the mem-
brane between the end of the tibia and the first tarsomere.
Furthermore, although the tibial bristles in phorids are
pilose, the larger bristles on the palpi and frons also bear
pilosity in a manner identical to that found on the tibial
bristles. I have concluded that even though true tibial
spurs are pilose, the presence of pilosity on setae can also
occur. Therefore. this feature is inconclusive evidence for
the homology of these structures. Apparently only the
point of insertion may be used to identify true tibial spurs
with certainty.

All families in the three other infraorders of Brachy-
cera usually have a majority of members with tibial spurs.
Tibial spurs are absent only in most Stratiomyidae, Lit-
oleptis (Rhagionidae), and Trichacantha (Athericidae)
(Nagatomi 198i). In the stratiomyids, tibial spurs are
found in Parhadrestia (the most primitive extant member
of the family) (Woodley 1986) and sporadically in the
Chiromyzinae and Beridinae, both primitive subfamilies.
They are also found in the Antissinae, a south temperate
subfamily that is relatively primitive but more derived
than are the previously mentioned subfamilies.

26. Female cerci one-segmented

All known Muscomorpha have the cerci composed of
one segment in females. Members of the other three in-
fraorders have females with two-segmented cerci. The
only exceptions are found in isolated genera of stratiomy-
ids and rhagionids and in all the Athericidae and Taban-
idae, where it is assumed to be homoplastic. A one-seg-
mented female cercus is therefore construed as being au-
tapomorphic for the Muscomorpha.

The cladistic relationships of the major subordinate
groups within the Muscomorpha are not well resolved.
Surveys of characters throughout the infraorder will be
necessary before much progress can be made. A few de-
tailed studies within single families are available in which
workers have surveyed one character system. Theodor's
works on the terminalia of some Asilidae (1976) and
Bombyliidae (1983) stand out in this regard. Much more
such work is necessary, especially in little-known families
such as the Scenopinidae and Acroceridae.

The infraorder Muscomorpha can be separated into
four superfamilies, which are of approximately equivalent
status cladistically. The Nemestrinoidea, Asiloidea, and
Empidoidea are treated below, and their relationship to
the Muscoidea is discussed. Details of the relationships
within the Muscoidea are treated in Chanter 116.
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Phylogeny of the superfamily Nemestrinoidea. Only
a single character is known that unites the Nemestrinidae
and Acroceridae into a group, and its cladistic value is

dubious because of its generality.

27. Larval stages parasitic, with accompanying
hypermetamorphosis

Hennig (1973) utilized this general character to unite
the Nemestrinidae, Acroceridae, and Bombyliidae into
his Nemestrinoidea. He noted, however, that the super-
family was one of the most problematic groups of Diptera
in terms of its cladistic definition. Based on what I believe
are synapomorphic features between bombyliids and fam-
ilies in the Asiloidea and Empidoidea, I cannot accept
placing the Bombyliidae in the Nemestrinoidea. I prefer
to ascribe their parasitic life history to convergence with
the Nemestrinoidea.

Although there is serious question as to the sister-group
relationship between the Acroc,eridae and Nemestrinidae,
the two families themselves are, distinct and no worker has

doubted their individual monophyly.

The Nemestrinidae is a fairly small family composed of
l5 genera and about 250 species (Bernardi 1973), which
are widespread in distribution and are particularly prev-
alent in arid areas. Autapomorphic features that charac-
terize the family are not well ,,vorked out. The most con-
soicuous features that have ber:n used to characterize the
fimily are found in the wing l'enation. The anterior cur-
vature of the radial and anterior medial veins are very
characteristic.

One venational feature in the family is unique.

28. Presence of so-called diagonal vein

All nemestrinids have a diagonal vein that extends
from the radius to the posterodistal margin of the wing. It
is apparently composed of elements of Rs, R* *,, r-m, M'
M", M., and CuA, (see Fig. 44.3; Bernardi 1913
Figs. 1g-38). A similar vein iis known only in Exereto-
neura (treated above in Xylophagomorpha), but it is only
superficially similar and is not thought to be homologous
(Bernardi 1972).

The Acroceridae is another moderately small farnily,
with about 50 genera and 500 species, cosmopolitan in
distribution. Characters |29-31 are apparently
autapomorphic.

29. Adult antennawith a singleflagellomere
(Figs.43.3-l I )

The antennal flagellomeres of all acrocerids are en-

tirely fused, resulting in an undivided flagellum. Most
nemestrinids have four flagellomeres, although a few gen-

era have two flageliomeres or an undivided flagellum, a

feature that has apparently evolved convergently. As pre-
viously discussed under character 24, most potential out-
groups have more than four flagellomeres, although iso-
iated reductions have taken place in some genera. Within
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the Asiloidea, only the Scenopinidae apparently have thc
flagellum composed of a single article.

30. Lower c0l),pter much enlarged

Acrocerids have a large lower calypter (Figs. 43.1-2).
Such a condition has evolved convergently only in the
Tabanidae, in calyptrate Muscoidea, and in a very few
acalyptrate Muscoidea. Therefore, it is considered autap-
omorphic for the acrocerids.

31. Larval stages parasitic on spiders

The larvae of Acroceridae are true internal parasites of
spiders, a mode of life unique in the Diptera. Nemestrin-
ids are parasitic on grasshoppers and beetles, and
Bombyliidae are parasites of Hymenoptera, Lepidoptera,
Orthoptera, and Diptera. Petrorossia feti Zaitsev &
Tsharykuliev is the only known bombyliid associatcd with
spiders, but was reared from an egg cocoon rather than
from an adult (Zaitsev and Tsharykuliev 1981).

The sister-group relationship between thc Nemestrin-
oidea and remaining Muscornorpha is supported b1,. char-
acter 32.

32. Empodium bristleJ'orm

This character state has been known and utilized in the
taxonomy of Diptera for many years. The plesiomorphic
character state is found in more primitive Brachycera in
which the empodium is pad-like (pulvilliform), appeering
much as the pulvilli that are lateral to it. In some classifi-
cations the feature has been considered homoplastic, for
instance when the bombyliids arc included with the
Nemestrinoidea (Hennig 1973) or when vermileonids and
the Nemestrinoidea, as recognized here, are all included
in the Asilomorpha (as in Vol. I of this Manual). As I arn
aware of no evidence that conclusively indicates that
Brachycera with a pulvilliform empodium should be
placed in a monophyletic group with those in which it is
bristleform, I do not believe the character is homoplastic.

Monophyly of the superfamily Asiloidea. Thc super-
family Asiloidea remains poorly known in a cladistic
sense, despite the fact that these flies have attracted thc
attention of numerous taxonomists over the years because
of the general large size and attractive appearances of
many of the taxa. Even the most obvious character sys-
tems have not received detailed, comparative surveys that
would be useful for cladistic analysis.

One character pointed out by Hennig (1912) supports
the monophyly of the Asiloidea.

33. Larval posterior spiracle situated in apparent
penu ltimat e abd omi nal s e gment

All larvae of Asiloidea have thc posterior spiracle lo-
cated in the apparent penultimate segment of the abdo-
men, directed more or less laterally (Figs. 37.23, 38.1l,
40.28,42.16 77). This charactcr state is not found in the
Nemestrinoidea or in the other thrcc infraorders of
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Brachycera. In the Scenopinidae and Therevidae, a more
derived state is found, in which the posterior spiracle is
apparently in the antepenultimale abdominal segment.

Relationships between families of Asiloidea. The
Fig. I 15.3 presents a cladogram that shows the putative
cladistic relationships of the families includcd in the Asil-
oidea. It is based on the few characters that are known
well enough to be uscd to support hypothetical phyloge-
nctic relationships.

The family Bombyliidae is a large one, with slightly
more than 200 genera containing 4000 species, found in
most areas of the world. Hull (1973) summarized the
world genera, and there are several good regional faunal
treatments, such as Hall (1975) for the Chilean species.
Despite the fact that the taxonomy of the group is moder-
ately well known, the phylogeny of the components of the
family is virtually unknown. I{ennig (1973) questions the
monophyly of the major subdivisions utilized by taxono-
mists and gives only a provisional classification for the
family. Theodor (1983) provides a brief critique of the
classification of the family and rcviews some important
characters. The splitting of some groups now placed in the
Bombyliidae and according them family rank is not sup-
ported by good evidence and consequcntly is not recog-
nized hcre. Rohdendorf (1914) recognized thc Cyrtosi-
idae, Usiidae, and Systropodidae as distinct families
separate from the bombyliids. Without explanation, Hall
and Evenhuis (1980) and Evenhuis (1982) followed Roh-
dendorf and recognized the Systropodidae but not his
other two segregate families. Rohdendorf himself (1974:
77) stated: "The scheme of division of the bombyliids into
four families, as I have proposed, is purely preliminary
and must be reasoned out in detail by a special investi-
gation." As these special investigations have not been ex-
pedited, recognizing any of these groups is clearly prema-
ture. Theodor (1983) also concluded that there was no
justihcation ior splitting the Bombyliidae into several
families.

I follow Griliths (1912, citing Bahrmann 1960) and
Hennig (1912) in relegating the genus Hilarimorpha
Schiner to the Bombyliidae. The relationship of Hilari-
morpha to the bombyliids was also inferred by Collin
(1961), Saigusa (i973), and Nagatomi (1982d), al-
though these authors maintained the genus as a separate
family. lt was also treated as a separate family by Webb
(1974 and in Ch. 46 of this Manual). Webb (1974: 174)
concluded that Bdhrmann (1960: Fig. a9) had examined
the terminali a of Condylostylus singularis (Dolichopodi-
dae) rather than Hilarimorpha singularis, but
Bdhrmann's figure is clearly Hilarimorpha, and Webb's
supposition is apparently based upon Bdhrmann's acci-
dental use of Becker as author of the name singularis
rather than Schiner. Also, Webb (1974: 178, 179) dis-
cussed the similarity of Hilarimorpfta to some rhagionids
(following earlier authors), but this similarity is based on
plesiomorphic features. Absence of tibial spurs, empodia,
and vein M,, as well as an antennal flagellum with three
flagellomeres, indicate placement in the Muscomorpha.
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Fig. I 15.3. Cladogram showing relationships of families in the supcrfamily Asiloidea. Numbers indicale points
of origin of apomorphic character states and correspond to discussions in the text.

As Webb pointed out, the immature stages, when discov-
ered, will be instrumental in substantiating the placement
of Hilarimorpha.

Theodor (1983) discusses the peculiar genus Prorates
Melander, noting the unique structure of its female sper-
mathecae and male aedeagus. Based on the resemblance
of the aedeagus to that of one species of Scenopinidae
(Belosta viticolipennis Kelsey from Arizona) and the
presence of so-called sensory areas on abdominal tergite 2
(Theodor 1983: Fig. 23a,b), Theodor speculatcs that Pro-
rales belongs in the Scenopinidae. As the sensory areas on
the abdomen in Theodor's figures of Prorates are quite
different in appearance from those of the Scenopinidae,
and the type of aedeagus in Prorates is not more wide-
spread in the Scenopinidae, I feel this relationship re-
quires further evidence before it can be accepted. Addi-
tionally, Prorates does not have wing venation that is
similar to the Scenopinidae. As with other anomalous
taxa, the placement of Prorates would be greatly facili-
tated by the discovery of its larva.

The following character supports the monophyly of the
Bombyliidae.

3.1. Larvae parasitic, wit h hypermelamorphosis

First-instar bombyliid larvae are active, whereas later
instars are grub-like after they have located and infested
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their host. The only other Birachycera outside of the
Muscoidea that are parasitic are the Nr:mestrinoidea,
treated above. The two groups have apparently evolved
along these lines convergently, as other evi<lence suggests
the placement of the Bombyliidae in the .,\siloidea. The
larvae have the posterior spiracles in the pernultimate ab-
dominal segment (Malloch 1917: 390), and the first irrstar
larvae bear a resemblance to those of Therevidae and Sce-
nopinidae, especially in having long lateral setae on the
thorax and a small, exerted head capsule tiVerrall 1909:
Fig. 64). Presence of acanthophorites in some adult fe-
male bombyliids also indicatr:s placement in the Asil-
oidea. I therefore conclude that parasitism and hyper-
metamorphosis are autapomorphic for the Eiombyliidae.

That the Bombyliidae and the remaining Asiloidea
have a sister-group relationshipr is indicated by the follow-
ing character.

3.2. Larval metacephalic rod hinged

In the five families of Asiloidea united by this character
the internal part of the craniurnL of the head capsule is sep-
arated from the anterior portion by a suture, articulating
with that structure (Fies. 3'7..1.4; 42.18-1t). In the few
known bombyliid larvae, the cr:rnium has the more plesio-
morphic structure found in Nemestrinoidea. and other in-
fraorders of Brachycera, i.e. the cranium is formed of a
sinsle sclerite that shows nc, evidence of subdivision

c)o-.cu6')
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(Figs. 45.59 60). In the Empidoidea, the metacephalic
rods are also articulated but are quite different in struc-
ture, being a pair of siender rods rither than a larger me-
dian one. Because the larval sniracles are terminal in
Empidoidea, I hypothesize thai the articulation of the
metacephalic rods has evolved independently in the Asi-
loidea and Empidoidea.

Although their adult stages are quite different in gen-
eral appearance, the larvae of the Therevidae and Sceno-
pinidae are extremely similar, sharing at least the follow-
ing character, which indicates that they are sister
families.

3.3. Larval abdominal segments secondarily seg-
mented, the abdomen appearing to have l7 seg-
ments (Fig.38.11)

Larvae of both therevids and scenopinids, as far as they
are known, have this secondary segmentation of the abdo-
men of their larvae. One result of this segmentation is that
the posterior spiracles appear to be in the antepenultimate
segment rather than in the penultimate one, as in other
Asiloidea. This general form of the larval abdomen is
unique in the Brachycera.

An intensive search of the larvae of Asiloidea rvould
probably reveal other characters that support the sister-
group relationship of these two families. Reduction of the
tentorial rods of the head capsule may be autapomorphic
for the group, blt Apiocera maritima Hardy (Apiocer-
idae, from Australia), according to figures by English
(1947: Figs. 7, 8), aiso has shortened tentorial rods. The
small pair of caudal prolegs found in the larvae of both
families may also be autapomorphic (Fig. 31 .23).

The Therevidae is a moderate-sized family of flies,
which is quite poorly known. However, some synthetic
work has been done recently, which is beginning to pro-
vide a sound taxonomy for the family (e.g. Lyneborg
1976, Irwin and Lyneborg 1981). Some features of the
adults are rather generalized and plesiomorphic. For in-
stance, the wing venation is very simiiar to that found in
Rhagionidae (compare Fig. 37.13 with Fig. 33.1l). Hen-
nig (1973) noted that delining autapomorphies are not
clearly worked out for the Therevidae.

Only one character that I am aware of seems to be
autapomorphic.

3.4, Larval metacephalic rod posteriorly spatulate

The posterior end of the medial metacephalic rod in the
few known therevid larvae is spatulate (Fig. 37.24). Con-
trastingly, in the Scenopinidae this structure is slender
and nearly parallel sided, and in other Asiloidea it is
larger and not spatulate (as in Figs. 42.78-79). In the
other infraorders the metacephalic rod is also large and
not spatulate.

Certain atypical genera are apparently questionably
placed in the Therevidae. Irwin and Lyneborg (Ch. 37)
doubted the piacemenl of Apsilocephala Krober in the
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family but declined to give an alternative, although they
noted its possible alinity with certain Bombyliidae. The
Australian genus ClesthentiaWhite, sometimes placed in
the Therevidae, is also enigmatic, but it is so poorly known
that its status cannot be evaluated at present.

The Scenopinidae is a small family of 18 genera with
about 330 species. Because these ffies are small and many
are apparently quite local in distribution, there are un-
doubtedly many undescribed species. Their larvae, as al-
ready noted, are very similar to those of the Therevidae,
and it is not entirely unlikely that they represent a highly
autapomorphic group that has evolved from within the
Therevidae, and as such they might render the There-
vidae paraphyletic. This question can only be resolved
when the phylogeny of the Therevidae, at present virtu-
ally unstudied except for a few recent papers (e.g. Irwin
1976), is further resolved and characters of importance in
that family are surveyed within the Scenopinidae. As
mentioned previously in the treatment of the Bombyli-
idae, Theodor (1983) suggests placement of the aberrant
genus Prorales in the Scenopinidae, but this cannot be

accepted without stronger evidence.

Derived features 3.5 and 3.6 are found in the
Scenopinidae.

3.5. Wing with cell m, strongly widened distally

The wing venation of the Scenopinidae is characteris-
tic, being quite diagnostic for the family. One of the most
conspicuous features is the loss of veins M, and M,. This
loss, coupled with the apex of vein M, being gently curved
anteriorly, results in cell m, widening rather abruptly
from its base to the posteroapical portion of the wing. This
conformation of cell m, is unique in the Brachycera.

3.6. Wingwith costal vein ending at M,

In the scenopinids, the costal vein ends rather abruptly
at M, (Figs. 38.2 5). Hennig (1973) suggested that this
characteristic is an autapomorphic feature of the family.
In the Therevidae, most Bombyliidae, the Nemestrinidae,
and many Acroceridae the costa is circumambient. I have
seen a few bombyliids (such as Caenotus Melander), as

well as some acrocerids (such as Ogcodes Latreille), in
which the costa is abbreviated. In these isolated groups

the abbreviation of the costal vein is apparently related to
small size and has occurred independently several times.
Therefore the feature is not synapomorphic.

Three other features of scenopinids may be autapo-
morphic, but at present their status is ambiguous. All sce-

nopinids lack macrosetae, whereas most therevids have
them well developed. Also, some bombyliids have macro-
setae, but other groups in the family do not. All Nemestri-
noidea lack macrosetae. Macrosetae have probably been

lost in independent groups of Asiloidea, but the indepen-
dent origin of macrosetae in several groups cannot yet be

overruled. Another adult feature, mentioned by Hennig
(1973) as derived for the family, is the compact antennal
flagellum composed of a single flagellomere (Figs. 38.7
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specialization of the aedeagi of the Leptogastridae and
Asilidae has gone in different directions. (3). Several spe-

cialized characters are common to all Leptogastridae, but
are absent in Asilidae." None of these reasons can be con-
sidered a valid basis on whiclL to recognize two families,
because the Leptogastrinae share the three apomorphic
features delimited above rvith re maining Asilidae.
Oldroyd (1969) criticized the basis on which Martin de-

termined the primitive nature, of some of his characters,
such as considering the lack of tarsal pulvilli as plesio-
morphic. In retrospect Martin clearly did not use sound
phylogenetic reasoning. Everr if the leptogastrines are
found to be the sister group to the remaining asilids, to-
gether they still form a monophyletic group; therefore, lit-
tle is gained by elevating the formal rank of the two
groups. This point is discussed briefly in Chapter 42.

The relationship of the Asilidae to other Asiloidea is

not clearly resolved at present. Most authors have as-

sumed that the sister group of the Asilidae is the N4ydi-
dae, based on the sunken vertex of adults and the overall
similarity of the larvae of the two families. However,
there is some evidence that the Apioceridae and Mydidae
are sister taxa, and the Asilidire are more likely to be the
sister group of the Mydidae -F Apioceridae. This theory
can only be resolved by additional study.

Characters 3. I 0 and 3. I I suLpport the sister-group rela-
tionship of the Mydidae and Apioceridae.

3.10. Wing with veins Rr ond M , strongly curved an-
teriorly, ending anterior Io the wing tip

The wing venation of the Mydidae (Figs. 40.11-14)
and Apioceridae (Figs. 41.2 3) is quite similar, with the
most conspicuous feature in common being the anterior
curvature of veins R, and M,. Within the Asiloidea, only
in the Scenopinidae is M, curred forward to a level ante-
rior to the wing tip. In this farriily, though, the overall con-
formation of the veins is so dlifferent that the similarity
has likely resulted from convergence. Within the Musco-
morpha, the Nemestrinidae also have a somewhat similar
venation (Fig. 44.3), but aga;in there are significant dif-
ferences in venation to indicate that convergence is likely.

3.11. Adult with supernuL.nerary rectal papillae

In the Apioceridae and Mydidae, the adults have been
found to have many more rectirl papillae than are found in
other Diptera. These structures apparently act to reab-
sorb water as material passes through the rectum (see

Richards and Davies 1911).lt is not surprising that many
additional papillae have evolved in the apiocerids and
mydids, because they are predominantly desert-inhabit-
ing flies. Most other Diptera, including the Asilidae, have
lour rectal papillae, but five lhave been reported for two
asilids (Owsley 1946). Mydas clavatus (Drury) has about
33 papillae (Jahn 1930), and other mydids have papillae
ranging from 14 to 30 (Fisher, personal commun.); the
apiocerids that have been examined have 20-80
(Woodley, personal observatjion; Fisher, personal com-

l0). Most therevids and bombyliids have three flagello-
meres. Some groups of both these families, however, ex-
hibit a reduction in flagellomere number, and in some
bombyliids the flagellar structure is rather similar to that
of scenopinids (compare Figs. 38.9 and 45.52). Finally,
the larvae of scenopinids are said to lack tentorial rods
(Hennig 1973), a feature that may be unique in the Asi-
loidea. Krivosheina (1980: Fig. 1) does not show them lor
a species of Thereva that she compared to scenopinids,
although this may be only an omission, because other au-
thors indicate that therevids do possess them (e.g.
Fig. 37 .24). As so few larvae of therevids are described,
and only two or three scenopinids are known lrom larval
stages, the significance of this character is slill uncertain.

The Asilidae is a large family of flies, with more than
400 genera and about 5000 species. They are very distinc-
tive, bristly flies and are the only Asiloidea in which the
adults are predacious.

Characters 3.7 and 3.8, pertaining to their piercing pro-
boscis, provide the strongest evidence for the monophyly
of the family. A third autapomorphic character providcs
supporting evidence.

3.7. Adults with labellae of labium strongly reduced,
Jused with prementum

Adult asilids have a strongly sclerotized proboscis used
for piercing their prey. The labellae and prementum are
fused, forming a rigid tube that encloses the hypopharynx
(see Ch. 42, discussion; Figs. 42.36-44). Other Asiloidea
may have the labellae reduced (e.g. Rhaphiomidas Osten
Sacken in the Apioceridae, Fig. 41.4; some bombyliids,
Figs.45.3-4,45.6-l), but they are not as rigidly sclero-
tized. In these cases the reduced labellae are functionally
related to the elongation of the proboscis, which is coupled
with nectar feeding.

3.8, Hypopharynr of adults strongly sclerotized,
modffied into a hypodermic, needle-like structure

This character state is unique to the asilids. The hypo-
pharynx has become a piercing organ with which the rob-
ber flies pierce their prey, injecting a poisonous salivary
secretion that immobilizes the victim and performs ex-
traoral digestion. The hypopharynx is shown extruded in
Figs. 42,1 and 42.40.

3.9. Adult face with vestiture of strong bristles

The strong patch of bristles on the face of asilids, called
the mystax, is unique to the family. It is undoubtedly au-
tapomorphic for the family.

There has been virtually no controversy concerning the
limits of the family Asilidae. Martin ( 1968) attempted to
segregate the Leptogastrinae into a separate family, but
his reasoning was criticized on practical grounds by
Oldroyd ( 1969). Martin's bases for se parating thc family
were: "(1 ). Several characters show the Leptogastridae to
be primitive to a greater degree than Asilidae. (2). The
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mun.). This great increase in number of rectal papillae is
construed to be autapomorphic for the Mydidae +
Apioceridae.

The Apioceridae is a small family, with five genera:
Apiocera Westwood (132 species), Megascelus Philippi
(5 species; southern South America), lYeorhaphiomidas
Norris (l species; Australia), Rhaphiomidas Osten
Sacken (13 species), andTongamtaStuckenberg (1 spe-
cies; southern Africa). Cazter (194 l) suggested that the
closest relatives of apiocerids were the mydids, whereas
Wilcox and Papavero (197i), following Karl (1959), sug-
gested their closest relatives might be found among the
asilids. The two characters already discussed support the
former author's opinion.

Unfortunately, I have not found one conclusive autapo-
morphic character that can be used to define the apiocer-
ids as a monophyletic group. In fact, they are possibly no
more than plesiomorphic mydids. Some apiocerids
(Megascelus and IVeorhaphiomidas) have one-seg-
mented palpi as do mydids, bul Apiocera has more gener-
alized, two-segmented palpi. Also, the apiocerid genus
Megascelus has a tendency toward reduction and modi-
fication of the ocelli, also found in most mydids. Cazier
(1941) suggested that Apioceld was the "generalized
stock" within the family. A critical morphological survey
of both families on a comparative basis is badly needed to
delimit clearly cladistically useful characters and to re-
solve the relationships of the apiocerid genera to the
Mydidae.

The Mydidae is another fairly small family ol Diptera,
with about 54 genera in which are placed about 340 spe-
cies. They are found worldwide, but are particularly prev-
alent in arid regions. Again, derived characters unique to
the mydids are not well worked out, but two character
states appear to be definitive.

3.12. Hind femora with venlral armature of moder-
ately to ver)) stoutly thickened spine-like
bristles

All mydids have spine-like armature present on the
hind femora. This armature is absent in apiocerids,
athough a few asilids have a similar armature (compare
Figs. 40.15-17 and 42.61). This armature seems most
likely to have resulted from convergence, and it would not
be surprising if it evolved independently several times in
the Asilidae as a modification suiting their predacious
habits. Because of lack of data, it cannot be discounted
entirely that the Mydidae * Apioceridae evolved from
some asilid group with femoral spines, which were subse-
quently lost in the apiocerid genera.

3.13. Adult palpus one-segmented

All adult mydids have a one-segmented palpus. Many
asilids and at least the genus Apiocera within the Api-
oceridae have two-segmented palpi. This difference indi-
cates that if these three families are monoohvletic as rec-
ognized here, one-segmented palpi are autipomorphic for
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mydids. Again, lack of confidence in the monophyly of the
apiocerids leaves this interpretation open to question.

Two other features of the Mydidae may be autapo-
morphic for the family. The elongate, clavate antennal
flagellum is distinctive (Figs. 40.2 l0) and was suggested
as a possible apomorphy by Hennig (1913). Although the
antennae are much shorter in apiocerids, they are strongly
thickened apically in Megascelils and Tongamya, a fea-
ture that could be interpreted as derived from the mydid
type of antennal structure. The depressed vertex may also
be autapomorphic. If the apiocerids, in which the vertex is

not depressed, are more closely related to the mydids than
are the asilids, then the depressed vertex in these two
groups must have evolved independently.

Monophyly of the superfamily Empidoidea. Al-
though the limits of the superfamily Empidoidea have not
been questioned by most authors, the relationships of the
two included families to other Brachycera have been

somewhat controversial. In this section, I discuss the
monophyly of the superfamily and its components. In the
ncxt section, I consider the varying views concerning the
relationships of empidoids to other Brachycera.

Following Volume I of this Manual, I prefer to recog-

nize two families, the E,mpididae and Dolichopodidae, as

comprising the superfamily. However, recent work
(Chv6la 1981, 1983) suggests that the Empididae is a
paraphyletic group, as the Dolichopodidae may have

evolved from a group within the present Empididae.

Characters 34-36 support the monophyly of the
Empidoidea.

34. Larva with postuanium modified into a pair of
slender metacephalic rods (Figs. 47.58; 48.4 I , 4 3)

This feature is unique to the E,mpidoidea. The only
other Brachycera with paired metacephalic rods are dis-
cussed previously under character 7, and the division of
the postcranium occurs only in the Xylophagidae and a
few Asilidae. In these two groups the rods are not as slen-
der and are not nearly parallel sided as in Empidoidea. In
general, the larval head capsuie in the Empidoidea is

much reduced compared with that of other Brachycera,
especially the external portion of the cranium. The larvae
of empidids and dolichopodids are extremely similar
(Dyte 1967, Hennig 1973) and are known only for scat-
tered taxa within both families.

35. Adult female with a single spermatheca

Hennig (1973) and Griffiths (1983) pointed out that a
reduction in the number of spermathecae to one in fe-
males is probably autapomorphic for the Empidoidea. As
far as is known, all Empidoidea have this character state,
including problematic taxa such as the genera Atelestus
Walker and Nemedina Chandler (Chandler I 981). A fur-
ther reduction occurs in the empidid subfamilies
Ocydromiinae, Hybotinae, and Tachydromiinae, in which
the female does not have any spermathecae (Chandler
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I 981). The primitive number of spermathecae in Diptera
is assumed to be three (Downes 1968). and this number is
found in most Brachycera more plesiomorphic than E,m-
pidoidea. As far as I am aware, only the Xylomyidae
(which have two spermathecae) can be characterized at
the family level by a reduction in the number of sper-
mathecae. Also, the Muscoidea (: Muscomorpha of
Vol. 1) retain the plesiomorphic complement of three
spermathecae (Griffiths 1983) in rheir ground plan. This
fact apparently refutes the implication of Chvdla's ( I 983:
Fig. 1a0) hypothetical phylogeny, which shows the Mus-
coidea as the sister group to his Atelestidae, and the Mus-
coidea * Atelestidae as the sister group to the Hybotidae
+ Microphoridae * Dolichopodidae. His phylogeny
would relegate the Empidoidea to polyphyletic starus,
and, as Griffiths (1983) points out, a number of higher
categories would be necessary to render this phylogeny
into a formal classification. As Griffiths noted. this steo
has not been done because of conflicting evidencc. In my
opinion, characters 34 and 35 make it extremely unlikely
that the Muscoidea arosc from the midst of the
E,mpidoidea.

36. Adult male with paired apodemes of the genital
segment attached to the hypandrium

Griffiths (1983, 1984) suggested that this characrcr
state is synapomorphic for the Empidoidea (which he
calls the Orthogenya after Brauer (1883) for reasons ex-
plained in his 1972 work), including Alelestus and rela-
tives but not the Muscoidea. This reasoning also refutes
the evolution of the Muscoidea from some stock within
the Empidoidea.

Phylogeny of the Empididae sensu lato, As already
noted, I prefer to recognize the traditionai two families
within the Empidoidea, the Empididae and Dolichopod-
idae, even in light of recent work splitting the former into
four families (Chvdla 1983). My main reason for this
treatment is the lack of sound cladistic evidence for postu-
lating the four groups regarded as family level units.
Therefore a short critique of Chv61a's work is necessary
here.

A major concern is that his figure (1983: Fig. 141) and
subsequent characterization of the family Empididae (in
which he included the subfamilies Oreogetoninae, Empid-
inae, Hemerodromiinae, Brachystomatinae, Ceratomeri-
nae, and Clinocerinae) on page 65 fail to give a single con-
clusive synapomorphy for the included taxa. In his Figure
l4l, all the apomorphic features shared by the subfami-
lies included in the Empididae are also found in the Doli-
chopodidae and other Empidoidea. The Oreogetoninae is
indicated as having only plesiomorphic character states
for all features discussed. On page 65, the Empididae are
characterized by seven character states regarded as apo-
morphic, even though they are clearly found outside the
Empididae in Chv6la's sense; most of them are used by
Griffiths (1972 58ff.) to characterize the entire Erc-
moneura (: Empidoidea * Muscoidea). Chvdla then
summarized the plesiomorphic character states possessed
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by his Empididae to show that they may be excluded from
his other recognized families.

For the three groups segregated from the traditional
Empididae, an inspection of the section outlining the sup-
posedly defining characters for each group reveals that
some of the characters are clearly not unique to a single
group; some ofthese discrepancies are actually illustrated
as such in Figure 141. As far as I can tell, the Atelestidae
are characterized most definitely by Chv6la's characters 2
and 9, and possibly by 3,8, and I I (1983:67). The Micro-
phoridae are more poorly characterized, as most of the
characters are also present in the Dolichopodidae (1983:
70ff.). For the microphorids, only character 3 is possibly
definitive. The Hybotidae is ttre best-characterized segre-
gate, as was previously noted by Tuomikoski (1966); its
monophyly is supported by Chvdla's characters 4-1 , ll,
and 12, the last two of which were proposed by Tuomi-
koski and were not reviewed by Chv6la.

A final point I wish Lo malce concerning this work by
Chv6la is its preliminary nature. It is clearly based pri-
marily on Palaearctic material and only secondarily on
Nearctic material. The vast eLnd poorly collected faunas
of the south temperate regions are not considered to any
extent. Some of the more primitive members of the F)mpi-
didae are expected to be fourrd in these regions. For in-
stance, many Oreogeton-l1ke taxa are known from Chile
(Collin 1933). These primitive taxa will be important in
the resolution of the relationships of Empidoidea.

In summary, because the analysis of the characters cur-
rently known within the Empidoidea is incomplete and
thus results in tentative hypothetical phylogenies, and
because the knowledge of many important exotic faunas
is meager, I prefer not to recognize segregate families
split off from the traditional Empididae. Contributions
such as that made by Chvdla (1983) are very important,
in that they provide some of the first studies of the Empi-
doidea utilizing a cladistic ttLeoretical framework. This
approach is necessary and such works initiate a system-
atic study of characters rather than the haphazard meth-
odology of the past. However, I am not a proponent of
changing formal nomenclaturo every time a new hypothe-
sis is proposed. When these hypotheses are tentative, the
frequent nomenclatural changes they engender become
incomprehensible to all but specialists. I think such no-
menclatural changes are best rsaved until the phylogenies
are rather better understood than they are currently in the
Empidoidea.

Despite my recognition of only the single family Empi-
didae, it must still be considered likely to be paraphyletic
or possibly even polyphyletic, depending on the relation-
ships of the Microphorinae to the rest of the Empididae.
Evidence presented by Chvala (1 983: Ftg. 142) indicates
that the microphorines are th(3 most likely candidate for
sister-group relationship to the Dolichopodidae. Ulrich
(1984) has recently presented additional support for this
relationship, based upon charaLcters of the thoracic skele-
tal and muscular structure.
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The Empididae sensu lato is a large family, with about
3500 described species in many genera. In the south tem-
perate regions and mountainous tropics they are poorly
collected, but works based on available material (Collin
I 928, I 933; Smith 1969) suggest that the faunas are vast
and probably rich in undescribed forms. I am aware of no
conclusive apomorphic character state that can be used to
define the Empididae exclusive of the Dolichopodidae.
None was given by Hennig (1913) or Chv6la ( 1983). The
group is essentially recognized on a practical basis only,
comprising Empidoidea with more plesiomorphic wing
venation and other structures. in comoarison with doli-
chopodids, which is not particularly surprising in a proba-
ble paraphyletic group.

Monophyly of the Dolichopodidae. The Dolichopod-
idae is another quite large family of Diptera, with rnore
than 150 genera and about 6000 species widespread
throughout the world. Members of the family are very
distinctive and rather uniform in appearance, such that no
recent author has questioned the status of the family or
inclusion of any of its members within it.

I am aware of two characters that suooort the mono-
phyly oi the Dolichopodidae.

37. Adult mouthparts with sharp, strongly sclero-
tize d, epip harynge al armat ure

Dolichopodid flies have strongly developed, tooth-like
processes termed the epipharyngeal armature (Fig. 2.51)
at the sides of the labrum, which are strongly sclerotized
and sharply pointed, sometimes apically bifurcated to
form a pair of teeth (see Cregan 1 941 : Figs. 65 96 for a
good survey of the variation found in these structures
within the family). These teeth are presumably utilized in
cutting and tearing soft tissue of small insects upon which
dolichopodids prey. It is apparently a unique development
in the dolichopodids and thus autapomorphic for the
family.

38. Adult with base of wing strongly reduced

The wing venation of the dolichopodids is very distinc-
tive and easily allows for practical recognition of the fam-
ily. The most conspicuous feature of the venation is the
extreme reduction of the base of the wing, which is best
indicated by the origination of the radial sector near the
humeral crossvein and the extreme reduction of cells br
and cup, the latter sometimes being absent (Figs. 48.25,
48.35). Cell bm is also reduced, and the crossvein separat-
ing it from the discal cell is absent. Sometimes some of
these features have been regarded as separate apo-
morphic features (Hennig 1973), but I suspect that they
are all correlated with reduction of the wing base. The
basal area of the wing is not reduced as much in any of the
Empididae sensu lato.

Hennig (1973) mentioned the reduction of the costa
beyond vein M, and the simple vein R,,*, as being derived
for the dolichopodids, but these character states are also
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found in various Empididae. Therefore, although they are
apomorphic, their level of synapomorphy remains ambig-
uous until the exact relationship of Dolichopodidae to
empidid subgroups is known. Chv6la (1983) also deemed
the simple vein M, as being apomorphic for the family.
However, he mentioned that a stub of M, is found in some
Sciapodinae within the dolichopodids and notes that a

simple M, is found in some Empididae. Therefore this
character is aiso ambiguous. Its autapomorphic nature in
the dolichopodids also presumes the sister-group relation-
ship of Dolichopodidae with the Parathaiassiini. as pro-
posed by Chv61a.

One additional feature noted by Chvdla (1983), which
is possibly autapomorphic for the Dolichopodidae, is the
reduction of the subcostal vein. In most members of the
family, it is quite short and fuses apically with R,. How-
ever, in some Hydrophorinae it is somewhat longer and its
end is free (Fig. a8.32). This state approaches the condi-
tion found in many Empididae. Thus the autapomorphic
nature of this character state is uncertain. Further resolu-
tion of the relationships within dolichopodids are needed
to determine whether or not the state found in Hydro-
phorinae is an independent development within dolicho-
podids relative to empidids.

Relationships of Empidoidea to other Brachycera.
The sister-group relationship of the Empidoidea to other
brachycerous Diptera has been the subject of controversy
in recent years. Some authors have maintained that the
E,mpidoidea is the sister group to the Asiloidea (Hennig
1912, 1973; Vol. I of this Manual); others have consid-
ered the Empidoidea to be the sister group to the Musc-
oidea (Grifliths 1912, 1983, 1984; Hennig 1916: Chv|la
r983).

The relationship of the Empidoidea to the Asiloidea is

supported by two characters deemed important:

o presence of only three flagellomeres in the adult an-
tennal flagellum

. presence ofacanthophorites ( : hemitergites)

Three Jlagellomeres in the adult. This feature was re-
viewed in detail by Hennig (1912, 1976). A flagellum
composed of three flagellomeres is found virtually
throughout the Asiloidea and Empidoidea, except where
it has become even further fused. A very few Empididae
that have four flagellomeres are known, but according to
Chvdla's (1983) classification ol the Empididae sensir
lato, these are in derived lineages. They include Dryo-
dromia Rondani(Chvdla 1983:Fig. l3) and Meghyperus
Loew (from California, Chvdla 1983: Fig. 560), but in the
latter genus, four flagellomeres are not found in all spe-

cies. Other genera of empidids supposedly with four fla-
gellomeres include Hesperempis Melander, Ragas
Walker, and Hilara Meigen. However, Chv6la's figures
(l 983: Figs. 2, 3, and 8) are somewhat vague and seem to
indicate a closer similarity to the form of flagellum found
in the Asiloidea, in that the last "flagellomere" appears
similar to the hyaline style found in many asiloid flies.
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Reports of four flagellomeres in the genus Ruppellia
Wiedemann (Therevidae; Hennig 1972) have recently
been found erroneous (Lyneborg 1983). ln the Musc-
oidea, the antennal flagellum has four flageilomeres,
which Hennig believed to be more plesiomorphic than the
state with three flagellomeres. This condition is somewhat
similar to that found in many Nemestrinidae. The pres-
ence of only three flagellomeres in Opetia Meigen
(Platypezidae) has been considered of interest in this ar-
gument (Hennig 1916, Chv|la 1981). Irs significance
remains unciear, though, as reduction could have occur-
red independently in Opetia; the loss of ffagellomeres by
fusion has without doubt taken place manv times in the
Brachycera.

The cladistic implications of the number of ffagello-
meres in these groups need support from corroborating
characters before we can determine whether or not the
four flagellomeres found in Muscoidea are plesiomorphic
relative to the Empidoidea or whether the number merely
represents a secondary addition of another flagellomere.

Acanthophorites (: hemitergites). This feature has
becn regarded as synapomorphic for the two superfami-
lies Asiloidea and Empidoidea (Hennig 1912, 1916).
Acanthophorites are the divided lobes of the female ab-
dominal tergite 10; they bear large spine-like setae that
are used for oviposition, especially in sandy substrates
(Figs. 41.8-10). They are found in at least some members
of every family of Asiloidea. Their scattered occurrence
led Adisoemarto and Wood (1975) to regard them as a
derived feature of the Asiloidea. rather than as structures
that had evolved independently several times within the
superfamily. Irwin (1976) considered the enlarged setae
found on the acanthophorites of some Therevidae to be
apomorphic within the family, but this idea was dis-
counted by Lyneborg (1983). As large spines are present
in most Asiloidea with acanthophorites, large spines seem
to represent the most reasonable plesiomorphic state, with
reduction in size of these structures being relatively more
apomorphic.

Acanthophorites are also found in the Empididae and
Dolichopodidae (Chv6la 1983). ln addition to the few
genera Chv6la mentioned (1983: 38), I have observed
them in Oreogeton-llke empidids from Chile, although
acanthophorites are apparently not found in Holarctic
members of Oreogeton Schiner. These Chilean Oreoge-
toninae may be among the most primitive empidids, if
Chvdla's phylogeny of his restricted Empididac is correct.
I cannot agree with Chvdla (1983: 38) and Grilfiths
(1983: 484) that the scattered distribution of acanthopho-
rites within the Empidoidea indicates that the character
has no cladistic significance. The fact remains that if the
structures are homologous and synapomorphic for the
Asiloidea and Empidoidea, only two alternatives are sug-
gested: either the Asiloidea and Empidoidea are sister
groups and thus are more closely related to each other
than either one is to the Muscoidea; or the Asiloidea,
Empidoidea, and Muscoidea shared synapomorphic acan-

thophorites, which were subsequently lost in the Musc-
oidea. Hennig's (1976) assertion that acanthophorites
were not present in the ground plan of Empididae seems
to be supported by little or no data. We really do not know
what the most plesiomorphic empidids are, because of our
poor knowledge of the south temperate faunas.

Two other characters were mentioned by Hennig
(1916) in support of the hypothesis of the monophyly of
the Asiloidea + Empidoidea. One was the absence of tib-
ial spurs in the Asiloidea and Empidoidea and their sup-
posed presence in the PhorideLe in the Muscoidea. I have
noted above that the structures found in phorids are prob-
ably not true tibial spurs. The second character Hennig
discussed is the hinged metacephalic rods found in larvae
of the Asiloidea and Empid,cidea. The validity of this
character as support for this hypothesis seems question-
able in view of the absence of articulation in the larval
cranium in known Bombyfiidae (see character 3.2).
Bombyliidae have the larval posterior spiracle in the pe-
nultimate abdominal segment, and some are known to
have acanthophorites. They should, therefore, probably
be placed in the Asiloidea, a rnove that makes the hinged
metacephalic rods suspect as a synapomorphy between
the Asiloidea and Empidoidea.

The alternative hypothesis, that the Empidoidea is the
sister group to the Muscoidea., is supported primarily by
characters of the male terminalia (Griffiths 1912, 1984).
These characters are rather complicated and were criti-
cized by Hennig (1916), whos,e interpretations of homolo-
gies of the genital structures involved were considerably
different from those of Griflllhs. As I cannot personally
evaluate these characters and their distributions within
the Brachycera, I shall simpll' list those characters given
by Griffiths (1984) as supporting the monophyly of the
Empidoidea + Muscoidea and refer the reader to discus-
sions found in the works by Griffiths and Hennig.

The characters deemed syr'rapomorphic for the Empi-
doidea + Muscoidea by Griffiths are (verbatim from
Griffiths 1984) as follows:

. gonocoxites expanded dorsally

. gonocoxites not closed distally (with separate bacilli-
form sclerites on inner surfaces of gonocoxae)-this
partial desclerotization of'the gonocoxae is the origin
of the processus longi of Clalyptratae, etc., and equals
the Skleritleiste of Empididae

. separation of the paired (gonocoxal) apodemes from
the gonocoxites (precise ground plan condition un-
clear, but in neither of the subgroups are the apo-
demes attached to the gonocoxites as in other Dip-
tera probably separation of these apodemes was a
result of the partial desclerotization of the gonocoxae
already stated)

. hypandrial arms fused above base of aedeagus (i.e.
Hennig's bridge, which is well developed in Platy-
pezidae as well as in Orthogenya ( : Empididae +
Dolichopodidae), so probrlbly belongs to the ground
plan although lost in many Cyclorrhapha)

l39 r
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. hypandrium with a pair of posterior processes

. tenth tergite of male lost (not a very useful charactcr,
as the same has occurred indcpendently in other
groups)

. female with complete loss of the sclerites of the ninth
abdominal segment

Although Hennig ( I 976) criticized some of thcse char-
acters proposed by Griftths (in the 1972 version), he still
felt that the most likely sister group of the Empidoidea
was the Muscoidea.

CONCLUSIONS

This review of the phylogeny of the Brachycera exclu-
sive of the Muscoidea is intended to orovide a framework
from which future studies can progre..s. Some of the char-
acters discussed are based on very limited surveys. Only
supplementation of this limited knowledge can provide a
firmer foundation for their cladistic use. Many lineages
are supported by only one or a few characters, and thus
searches for additional characters of cladistic use are
badly needed for most major taxa.

The phylogenies of intrafamilial components of most
families are poorly known or not known at all. Thereforc
this field is fertile for investigation. Knowledge of rela-
tionships within families will prove useful as an end to it-
self. In addition, knowledge of the distribution of charac-
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ter states within families will also be helpful in
establishing a ground plan or most primitive taxon. This
framework can then be used to estimate what ancestral
members of each family may have been like.

Certain areas require special attention. We need char-
acter information that will help to resolve the relation-
ships of the infraorders of Brachycera, a subject that has

received little attention. Also, the relationships within the
Asiloidea are especially in need of investigation; our fairly
good understanding of the taxonomy of the families that
constitute the major components should facilitate the
sampling of the major taxa within each for character sur-
veys. Studies to resolve the placement of the Nemestrin-
oidea are also needed.

Finally, the need for general surveys of characters can-
not be overemphasized. Far too often, cladistic studics are
too limited taxonomically and fail to provide an adequate
survey of character-state distributions in taxa that are
potential outgroups. Such studies are not useful when
another worker attempts to utilize their results in a study
of broader scale. Many character systems, such as inter-
nal anatomy, have received little study. They may well
orovide a wealth ofadditional character suites that can be
used to test existing hypotheses from an independent
character base. With the broadening awareness of the
irnportance of cladistic methodology among entomolo-
gists in many fields, much exciting information useful in
resolving the phylogeny of the Brachycera should be
forthcomins.
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INTRODUCTION

Definition of the Muscomorpha

The infraorder Muscomoroha is defined here to include
only the cyclorrhaphous Biachycera (Cyclorrhapha of
most authors), as opposed to the orthorrhaphous Brachy-
cera, which includes several infraorders, treated in Chap-
ter l15. The name Muscomorpha (Crampton 1944a,
p. 24) is used in preference to Cyclorrhapha (Braucr
1880) to conform with the names applied to the other in-
fraorders of Diptera. Because rules for ordinal group
names were rejected as part of the Code at the London
Congress, suitability is as good a basis as any for choosing
them. When Crampton proposed the name Muscomorpha
(spelled Muscamorpha and Muscomorpha on the same
page), he used it as a replacement for Calyptratae. Hen-
nig (1948a, 1952, 1954) extended its application to a
broader taxon, the Eremoneura of Lameere (1906),
which includes all of the cyclorrhaphous Brachycera and
the E,mpidoidea (Empididae + Dolichopodidae)
( : Empidiiormia Hennig 1948a, : Orthogenya Brauer
1883). In those papers Hennig regarded the cyclorrha-
phous Brachycera as "subsection" Musciformia of the
"section" Muscomorpha. Later, however, Hennig
(1912b,1973) removed the Empidoidea to his infraorder
Asilomorpha, and recognized the Muscomorpha (as Cy-
clorrhapha) as an infraorder coordinate with the Asilo-
morpha, Tabanomorpha, Bibionomorpha, and so on. This
concept of the group is adopted here, notwithstanding the
fact that Hennig (1916b) again entertained the idea that
the Eremoneura may be a monophyletic taxon. As shown
by Krivosheina (1969), by Hennig (1912b), and by the
following discussion, a sister-group relationship between
the Muscomorpha and the Empidoidca cannot bc con-
vincingly demonstrated.

Griffiths (\912), who also treated ihe Eremoneura
( : Muscomorpha sensu Hennig 1948a, 1952, 1954) as a
monophyletic taxon, rejected for unassigned reasons the
long-standing use of a subordinal category for the
Brachycera (orthorrhaphous Brachycera + cyclorrha-
phous Brachycera) and used the infraordinal category in
its place. Thus, he called the suborder Brachycera the in-
fraorder Brachycera. Then he substituted the category
"superphalanx" (K6ler 1963) for the infraorder Ere-
moneura, i.e. he called the infraorder E,remoneura thc
superphalanx E,remoneura. Such changes in relative rank
associated with well-known taxonomic catesories arc con-
fusing and should, if possible. be avoidedl Fortunately,
neither Steyskal (1914) nor Chv6la (1983) accepted
Griflrths' proposals in these respects.

On the other hand, Hackman and Vaisanen (1982)
used the infraordinal name N{uscomorpha as a replace-
ment name for the suborder Elrachycera, which proposal
is likewise unnecessary and confusing. It arbitrarily repu-
diates the long-standing applir:ation of the name Brachy-
cera, and inappropriately assc,ciates a new, inflated rank
with the name Muscomorpha.

ln Chapter 1 15, Woodley proposed yet another infraor-
dinal concept for the Muscomorpha by assigning to it the
Nemestrinoidea, the Asiloidea, the Empidoidea, and his
"Muscoidea" (: Muscomorpha sensu J.F. McAlpine er
al. l98l ). Under this proposal the rank of the taxon con-
taining all of the cyclorrhaphous Diptera, the members of
which comprise fully half the order, is reduced to a single
superfamily (Muscoidea) coordinate with the Empid-
oidea. I hnd these proposals unsatisfactory on both practi-
cal and cladistic grounds.

Rohdendorf (1964, 1914, 1977) frequently accorded
high formal ranks to highly n-rodified groups. For exam-
ple, he ranked the phorid sub,family Tcrmitoxeniinae as

"infraorder Termitoxenomorprha," the family Braulidae
as "infraorder Braulomorpha," and the families of the
Hippoboscoidea as "infraorder Nycteribiomorpha," "in-
fraorder Streblomorpha," "supcrfamily Glossinidea,"
and "superfamily Hippoboscidea." As pointed out by
Griflrths (1912), many of Rohdendorfs higher groupings
cannot be rationalized with lhe rankings of coordinate
units recognized in a cladistic classilication of the order.
Consequently, they have not br:en accepted.

The superfamily names employed in the Muscomorpha
are the same as those proposecl in the outline of classifica-
tion for the order, given in Volume I of the Manual
(McAlpine et al. 1981, Ch. l). In choosing these names,
we followed the International Code of Zoological Nomen-
clature (Principle of Coordination), which specifies thal a

superfamily name should be based on the oldest family-
group name among its components. I am very grateful to
Dr. Curtis Sabrosky for assistance and expert advice in
this respect. Most of the syst,ematic concepts and terms
employed throughout this chapter are explained and de-
fined by Holmes (1980); the term monophyletic (sensu
Hennig 1966a) is used in preference to holophyletic
(sensu Ashlock l97l ).

Most of the characters mentioned throughout this
chapter are illustrated in the introductory and respective
family chapters; to conserve space such figures are usually
not cited in the text.
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Ground-plan Characters of the Muscomorpha

E,numeration of the ground-plan characters of thc
Muscomorpha is a prerequisite for any discussion on thc
cladistics of the group. Such a list, including both plesio-
morphic (primitive, diagnostic) and apomorphic (dcrived,
constitutive) characters (Hennig 1981), is essential for
defining the group, for documenting how it resembles its
progenitors, and for showing how it has changed lrom
them. The following list of characters was compiled from
the literature and from observations by my colleagues and
myself. I have relied heavily on the results of the investi-
gations published in Volume 1 ol the Manual (especially
J. F. McAlpine, Chs. 2 and 4; Teskey, Chs. 3 and 5) for
selecting and interpreting these characters. The most
important papers from the standpoints of selecting and
analyzing characters of the Muscomorpha and of synthe-
sizing earlier literature are by Hennig (especially Hennig
1958, 1973, l976a,b) and Griflrths (1912).

My primary goals are to adducc, first, as much as possi-
ble about the sister group of the Muscomorpha, presum-
ably in the orthorrhaphous Brachycera, and, second, the
sister-group relationships (cladistics) of the taxa that
comprise the Muscomorpha. In Hennigian cladistics, rig-
orous arguments for sister-group relationships must be
based on shared apomorphic character states (synapo-
morphies) that can be accepted as homologous. Consc-
quently, to achieve the goals mentioned it is necessary to
analyze the ground-plan characters in terms of plesiomor-
phy and apomorphy.

The designations plesiomorphic and apomorphic are
relative terms, and the labeling of character states as one
or the other involves judgements based on knowledge of
characters as they occur both inside (in-group character
analysis) and outside (out-group character analysis) the
taxon concerned. For example, an orbicular flagellum
comprised of four discrete flagellomeres (composite first
flagellomere and a three-articled arista) is a plesio-
morphic character with respect to the ground plan of the
Muscomorpha, whereas it is clearly an apomorphic one
with respect to the ground plan of the orthorrhaphous
Brachycera (flagellum consisting of eight discrete flagel-
lomeres). Criteria that can be employed in forming such
judgements, or in testing them, were discussed in general
by Hennig (1966a, 1981), Stevens (1980), and Wiley
( 1 98 1 ) and are not repeated here. The out-group compar-
ison method of character analysis was fully dealt with by
Watrous and Wheeler ( 198 I ).

It is assumed from the outset that the Muscomorpha
stemmed from the lower ( : orthorrhaphous) Brachycera,
and that synapomorphies between the muscomorphan
ground plan and certain members of the orthorrhaphous
Brachycera comprise the main evidence lor adducing the
primordial sister group of the Muscomorpha. It is also
assumed that the sister group of the Muscomorpha is a
subgroup, rather than the whole, of the orthorrhaphous
Brachycera, from which it follows that the latter is a para-
phyletic group. But that problem relates primarily to clas-
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sihcatory ranking and does not affect the significance of
the characters discussed. Thus, for present purposes, the
general out-group that I have ulilized for the Muscomor-
pha is the orthorrhaphous Brachycera as a whole, and the
main thrust of my efforts is to reach conclusions as to
which subgroup of the orthorrhaphous Brachycera is cla-
distically most closely related to the Muscomorpha.

The main subgroups of the orthorrhaphous Brachycera
have been discussed in Chapter I I 5. That chapter was
prepared after this one was written, and so I have not been
able to deal with all the data and ideas presented there as

fully as I would have liked; limitations in this respect are
candidly recognized. However, I wish to specially ac-
knowledge authors D. M. Wood and A. Borkent
(Ch. 114) and N. E. Woodley (Ch. 115), for their many
helpful suggestions and criticisms in connection with the
introductory sections of this chapter.

The ground-plan characters of the Muscomorpha that I

have selected as being useful are categorized as follows:

1. Character states that are judged to be plesio'
morphic with respect to the ground pian of the
Brachycera.

There can be no doubt that these conditions did not first
arise within the Muscomorpha and, therefore, that they
are primitive characters of the group. They cannot be

used as indicators of close cladistic relationship, but
because they are diagnostic of the Muscomorpha they
should not be ignored. They do not contradict propinquity
of descent and sometimes can play a supportive role in dis-
cussions on cladistic relationships. For example, it seems
likely that the primitive sister group of the Muscomorpha
would possess such plesiomorphic characters as a holoptic
head in the male, ocelli present in both sexes, and three
spermathecae in the femaie. Thus, a taxon without these
characters in its ground plan can probably be excluded as

a likely candidate for the primitive sister group of the
Muscomorpha.

2. Character states that are judged to be autapo-
morphic for the Muscomorpha (synapomorphies of
the included taxa), with respect to the ground plan
of the Brachycera.

These conditions arose within the Muscomorpha.
Because they are present in its ground plan and are not
shared with any other group, they comprise the best ev-

idence for the monophyly of the Muscomorpha but reveal
little or nothing about its sister group.

3. Character states that are judged to be apomorphic
with respect to the ground plan of the Brachycera,
but which are known also to occur in certaln taxa
within the orthorrhaphous Brachycera.

These characters provide the best evidence available
for adducing the primitive sister group of the Muscomor-
pha because they represent possibilities for synapo-
morphies between the Muscomorpha and its potential sis-
ter group. It is frequently difficult to determine whether
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these similarities are, in fact, synapomorphies or whether
they are convergences that have arisen independently
through parallel evolution or homoplasy.

This kind of character analysis serves also as a basis for
recognizing the polarity of changes that have occurred
within the Muscomorpha, a prerequisite for working out
the cladistics of the component taxa.

P I e s i omorp hi c c huracter s

. Larye. Mandibles parallel to each other, operating
in a vertical plane (Teskey Ch. 3)

Vertical orientation of the mandibles is a ground-plan
condition of the Brachycera as a whole, and, although it is
an important diagnostic character, its occurrence in the
Muscomorpha reveals nothing about the prccise ancestry
ofthat group within the orthorrhaphous Brachycera.

. Metacephalic rods undeveloped

Metacephalic rods originate from the mid-posterodor-
sal extremities of the head caosule and serve as struts for
muscle attachment. Their presence and development co-
incide with the retraction of the head capsule, and two
evolutionary processes appear to have led to their occur-
rence. First, they probably represent remnants ofthe head
capsule that were retained during the desclerotization of
the posterodorsal part of the cranium, as in Xylo-
phagidae, and second, they became secondarily enlarged
as internal apodemes that are hinged flexibly to the cra-
nium, as in many asiloid families. The beginning of these
rods possibly occurs in the larvae of Xylophagidac, and
they reach full development in such families as the There-
vidae, Scenopinidae, Mydidae, Apioceridae, Asilidae,
E,mpididae, and Dolichopodidae (Teskey, Ch. 3). Because
metacephalic rods are absent in the Stratiomyoidea and
Tabanoidea, it is assumed that their absence is a plesio-
morphic ground-plan character of the Brachycera and
also of the Muscomorpha. In these groups the anterior
tentorial arms and tentorial phragmala replaced the ex-
ternal head capsule (and metacephalic rods) as points for
muscle attachment. There is no evidence that metace-
phalic rods were secondarily lost in the Muscomorpha,
and their absence speaks against a sister-group relation-
ship with asilomorphan groups! including the Empidoi-
dea, in which they are so well developed.

. Respiratory system amphipneustic, i.e. anterior and
pos t erior s p irac les, onl y, pre s ent

Although apomorphic with respect to the ground plan
of the Diptera, this type of respiratory system occurs most
commonly throughout the order. It is characteristic of the
Tanyderidae, Axymyiidae, most Psychodidae, Trichocer-
idae, Anisopodidae, Thaumaleidae (Nematocera), most
orthorrhaphous Brachycera, and all Muscomorpha
(Teskey, Ch.3).

. Adults. Tracheal system with air sacs in head, tho-
rax, and abdomen (Faucheux 197 1)
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Air sacs, especially in the thorax and abdomen, are best
developed in groups that are strong fliers. Their distri-
bution and relative development vary in both the Nem-
atocera and orthorrhaphous Brachycera, but the presence
of all three is very constant in 1.he Muscomorpha. The air
sacs in the head, thorax, and ,especially the abdomen of
certain Stratiomyidae are more similar to those in the
Muscomorpha than are those of any other orthorrhaphous
Brachycera. It is also notewort.hy that the Empididae and
Dolichopodidae are the only families of the Brachycera in
which thoracic air sacs are absent (Faucheux l97l).

. Some hairs and bristles, especially of the head and
thorax, pilose, i.e. palynoJthilic (Holloway 1976b)

This character state is most evident in more densely
haired members of such families as Stratiomyidae, Taba-
nidae, Nemestrinidae, Bombyliidae, and Asilidae, but it
seems to be absent in the Empididae and Dolichopodidae.
It occurs in all families of the l\schiza, but is very rare or
absent in the Schizophora (genus Telothyria Wulp, fam-
ily Tachinidae).

. Head holoptic in male (J. F. McAlpine and Munroe
I 968)

. Frons uniformly sclerotized, i.e. aschizometopous

. Bristles of frons and verte,r weakly dffirentiated

The propensity for certain differentiated bristles, such
as ocellar and vertical bristles, was probably already pre-
sent in the ground plan ol the Vluscomorpha.

. Face broad,flat, and bare

. Antenna short and with nearly straight horizontal
axis (Hennig I 97 I a)

. Scape, pedicel, andJlagellum setulose

. Scape and pedicel more or less equal in length

. Arista separated from first .flagellomere by a dis-
tinct articulation

In the basic pian of the Brachycera, the flagellum con-
sists of eight flagellomeres (He nn ig 1967 a, 1912b, 197 3) .

Each successive flagellomere is clearly scparated from the
preceding one, and all of thenL are more or less equal in
length and are gradually more slender distally. This type
of flagellum still occurs in the Xylophagidae, Pantoph-
thalmidae, neariy all Xylomyiidae, some Stratiomyidae,
some Pelecorhnchidae, scrme Tabanidae, some
Rhagionidae, and some Vermileonidae. Within most of
these families and in all other brachycerous families the
number of flagellomeres is redluced and there is a sharp
distinction between the larger basal portion (first flagel-
lomere) and the more slender apical portion (stylus or ari-
sta). There is good evidence that these reductions (cer-
tainly apomorphic with respect to the ground plan of the
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Brachycera) occurred repeatcdly and independently, and
in different ways, even within families. ln many Stratio-
myidae, for instance (Jorgensen and Jamcs 1968), the
swollen basal part consists of up to five flagellomeres and
the slender apical part consists of up to three flagello-
meres. Within that family there is a gradual increase in
the degree to which the basal flagellomeres are fused and
a gradual reduction in the number of annulations present
in both parts of the flagellum. The Sarginae and Pachy-
gastrinae have the most advanced types ol thc family, i.e.
the basal part is fused into a homogeneous mass (four
flagellomeres in Sarginae, four of five flagellomeres in
Pachygastrinae) and the slender apical part (one-seg-
mented in Sarginae, two- or three-segmented in Pachy-
gastrinae) forms an arista resembling that of the Musco-
morpha. ln the Tabanidae and Rhagionidae, also, there is

a sharp distinction between the more swollen basal part of
thc flagellum and the more slender apical part. However,
in both these families the basal part consists of flagello-
mere I , only, and the slender apical part consists of up to
seven flagellomeres. Thus, the composition of both parts
of the flagellum differs from those mentioncd in the Stra-
tiomyidae, and they simply converge in ovcrall form. Re-
gardless ofthese basic differences, however, it is clear that
a two-part condition of the flagellum, similar to the one
retained in the ground plan of the Muscomorpha, arose
more than once within the lower Brachycera. In the Mus-
comorpha, the swollen basal part probably consists of four
fused flagellomeres as in some Pachygastrinae and Sar-
ginae. (For further discussions ol the first flagellomere
and the arista, see "Apomorphic characters.")

. Thoracic bristles weakly di.lJ'erentiated

A propensity for certain thoracic hairs to become dif-
ferentiated as bristles, such as notopleural bristles, supra-
alar bristles, dorsocentral bristlcs, and scutellar bristles
(as in the Anisopodidae), was probably carried over lrom
the lower Diptera into the ground plan of the
Muscomorpha.

. C without humeral or subcostal costal breaks

. Sc complete,freefrom R,

. Mrpresent as a separate vein

. Arcomplete, reachingwing margin at least as afold

. A, incomplete, not attaining wing margin even as a

fold

. Crossvein sc-r present

. Cell dm complete

. Pulvilli well developed and pad-like

Pad-like pulvilli are present in most Nematocera and
are, therefore, considered to be a plesiomorphic ground-
plan condition in both the orthorrhaphous and cyclorrha-
ohous Brachvcera.
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. Pilose tibial spurs present (Hennig 1976b)

A single ventro-apical bristle is present on all tibiae in
many Phoridae (in addition to other pilose apical tibial
bristles). From this, Hennig (1916b) concluded that the
presence of true tibial spurs belongs to the ground plan of
the Muscomorpha. Whether this bristle is, in fact, a true
tibial spur (Edwards 1938, p.6) or is simply a palyno-
philic bristle (as discussed) is uncertain. Woodley
(Ch. I 15, character 25) considers that true tibial spurs
were lost in all Muscomorpha, including the Phoridae.

. Coxopleural streak presenl

This feature derives from the suture between the meso-

pleural katepimeron and the meron (J. F. McAlpine,
Ch. 2), and its presence is a plesiomorphic ground-plan
feature of the Muscomorpha.

. Abdominal tergites and sternites I 8 present and

free in both sexes

This statement is not meant to deny the existence of a

certain amount of torsion and asymmetry in the male ter-
gites and sternites of segments 7 and 8 (associated with
circumversion of the terminalia) in the ground plan of the
Muscomorpha.

. Abdominal bristles absent or weakly dffirentiated

. Abdominal spiracles I 5 in pleural membrane

. Male with tergite 8 and sternite 8 present

. Tergile 9 forming a dorsal epandrium (Hennig
1976b, J. F. McAlpine, Ch.2)

I regard Griffiths' (1912, I 98 1, 1983, 1 984) views that
tergite 9 (epandrium) is absent in all Muscomorpha as

incorrect. The relative position and linkage of this sclerite,
with tergite 8 anteriorly, with gonopodal portion of hy-
pandrium laterally, and with elements of tergite 10

(surstyli) and dorsal elements of the proctiger (epiproct
and cerci) posteriorly in primitive Aschiza (e.g. Platype-
zidae, Fig. 50.21) and in primitive Schizophora (e.g. Coe-
lopidae, Fig. 82.5), identifies it as tergite 9. Thus, the
epandrium of the Muscomorpha is, in fact, homologous
with that of the orthorrhaphous Brachycera (e.g.

Xylomyidae, Figs. 2.121 \23 and Empididae,
Figs. 2.1 24-126).I quite agree with Hennig (197 6b) rhat,
apart from tergite 9, no other tergal (tergite 10 or 1 l) or
sternal (sternite 9) or gonocoxal elements are involved in
the formation of the dorsal wall of the epandrium in the
ground plan of the Muscomorpha.

. Sternite 9 forming the anterior portion of a ventral
hypandrium

Discussion is given in conjunction with the following
character.

. Gonopods (one pair) ioined prctximally with hypan-
drium and laterally with the epandrium, free Jrom
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each other medially, and each consisting of a gono-
coxite and a gonostylus (J. F. McAlpine, Ch. 2)

In the ground plan of the Muscomorpha, even though
the bases of the gonocoxites are more or less fused with
the hypandrium and each gonostylus is reduced and fused
with the gonocoxite, the lateral articulation between the
gonocoxite and the epandrium is maintained. Thesc con-
ditions are illustrated in certain Platypczidae (J. F.
McAlpine, Ch. 2, Figs. 2.132 133; Griffiths 1912,
Fig. l0). The reduced gonostylus is shown in my ligures
of a species of Callomyia Meigen; it is also prescnt at the
apex of the elongate gonocoxite ("pregonite" oi Griffiths
1972) of Plesioclythia agarici (Willard), but it was omrt-
ted in Griliths' figure. In most members of the Musco-
morpha, however, a discrete gonostylus is not evident. I

regard as wrong Griliths' (1912, 1984) views that thc
originally biarticled processes, which I call gonopods, (his
"pregonites") are "additional paraphyses" or "sensory
structures," and that the gonocoxites migrated dorsally
and became fused along their lateral margins to form a
"periandrium." Much evidence throughout the orthor-
rhaphous Brachycera indicates that the gonopods are re-
peatedly reduced and incorporated with the hypandrium
as in the Platypezidae. This same fusion and reduction
occurs in the Empididae (J. F. McAlpine, Ch. 2,
Fi gs. 2. 1 24-l 26), notwithstanding Grifliths' ( I 98 3, 1 984)
statements to the contrary. In my opinion, the biarticled
gonopods that occur in the ground plan of the Muscomor-
pha are homologous with those of the Nematocera and
orthorrhaphous Brachycera, but, with circumversion and
lolding under of the terminalia, they have come to serve a
different function in the Muscomorpha than they do in
the lower Diptera.

. Basal gonocoxal rims and apodemes extended
posteromedially and fused with each other to form a
dorsal bridge behind the aedeagus, thereby turning
the hypandrial complex intct a clctsed ring (Hennig
197 6b)

This condition occurs in many Nematocera, especially
in the Bibionomorpha, and may be a ground-plan leature
of the Diptera (Hennig 1916b); it is the usual condition
throughout the orthorrhaphous Brachycera, whence it
probably has been passed on into the ground plan of the
Muscomorpha. ln Platypezina connexa Boheman the
dorsal bridge is very similar to that found in relatively
primitive Brachycera, e.g. a species of Rhagio Fabricius
(Hennig 1976b). Usually in the Muscomorpha, there is a
line of weakening (hinge-like in many Lonchaeidae, for
example) between the anterior, more plate-like portion of
the hypandrium (sternite 9 in the strict sense) and the
posterior part. The posterior part bears the gonopods and
forms the so-called hypandrial arms and the dorsal
bridge, which enclose the aedeagus and the parameres.
This posterior part, exclusive of the aedeagus and para-
meres, is probably derived from the gonocoxites and their
apodemes. In keeping with the slructure of the male ter-
minalia of the lower Diptera, the point of articuiation
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between the epandrium (tergi1.e 9) and its ventral coun-
terpart is always with the posterior portion of the hypan-
drium, derived from the gonoccxite, rather than with the
anterior portion derived from sternite 9.

. Aedeagal guide present (J F. McAlpine, Ch. 2)

This external process of the hypandrium appears to be
a lundamental part of the male terminalia of Diptera. The
exogenous, internal, aedeagal apodeme of the Muscomor-
pha develops as an infolding from the base of the distal
end of the aedeagal guide.

. Parameres (one pair) free, articulating primarily
with posterolateral base ctf aedeagus and inner pos-
terior base of gonocoxite (J. F. McAlpine, Ch. 2)

By definition, parameres are unsegmented processes
attached to the basiphallus (V,erhoeff 1893). Ontogeneti-
cally they are paraphallic lobes (paraphyses) arising as a
secondary division of the primary phallic lobe of segment
10 (Christophers and Barraud 1926, Snodgrass 1957)
and should not be confused 'with the gonopods, which
arise on segment 9. True parameres occur regularly in
most endopterygote orders and are clearly distinguishable
in most families of the Diptera Although long recognized
and called parameres in the Nematocera and certain or-
thorrhaphous Brachycera, the neutral term, postgonites,
is the name most commoniy applied to them in the Mus-
comorpha. In my opinion, amprle evidence is presented in
this Manual to show that these processes are homologous
throughout the Diptera. Plesiomorphicaliy they are free
from each other. Apomorphir;ally they are fused with
each other and the gonocoxal apodemes, forming a sheath
around the aedeagus. This condition occurs in many
Nematocera, especially in the Bibionomorpha, and in
many orthorrhaphous Brachycera. ln the ground plan of
the Muscomorpha, they are separate and never form a

sheath around the aedeagus.

. Aedeagus comprised of a basiphallus and
distiphallus

In the ground plan of the lvluscomorpha, these parts
were probably rather similar 1.o those in the platypezid,
Grossoseta pacifca (Kessel) (Fig. 50.21), in which the
distiphallus is relatively slender and flexible.

. Sternite I0 (ventral epandrial sclerite) forming a
simple ventral plate behind the hypandrium and
aedeagus; articulating ttnteriorly with posterior
margins of hypandrial ar,ms and dorsal bridge, lat-
erally with inner bases oL( surstyli, and posteriorly
with hypoproct (J. F. McAllpine, Ch.2)

. Proctiger comprised of a simple epiproct, a hypo-
proct, and a pair of cerci (.1. F. McAlpine, Ch.2)

. Female with tergite B and sternite 8 undivided
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. Tergite I0 simple, without strong spines
( acanthophorites )

. Three sclerotized spermathecae present

It seems virtually certain that the immediate musco-
morphan ancestor possessed three spermathecae, for this
is the basic number present in the orthorrhaphous
Brachycera and in all the major sections of the Musco-
morpha, i.e. the Aschiza, Schizophora, Acalyptratae, and
Calyptratae. This condition argues against, but does not
refute the possibility of, a sister-group relationship
between the Muscomorpha and Empidoidea, which has
only one spermatheca in its ground plan.

. Three separate spermathecal ducts opening inde-
pendently into anterodorsal wall of genital chamber

I disagree with Grifliths' (198a) statement that two of
the three spermathecae share a common branching duct
in the ground plan of the Muscomorpha. Three ducts with
independent openings occur in a number of thc most
primitive families of the Nematocera, and this could well
be the primitive pattern in the Diptera (J. A. Downcs
1968, Hennig 1973). The same pattern. as eremplified in
the Tabanidae (Mackerras 1955), in the Asilidae (The-
odor 1976), and in the Bombyliidae (Theodor 1983), ap-
parently occurs in the ground plan of the Brachycera.
Sirnilarly, it occurs in both the Platypezidae and the
Syrphidae of the Aschiza (Sturtevant I 925-1 926) and in
the Calyptratae of the Schizophora. Fusion of thesc ducts
at their bases to form one or two common ducts has occur-
red independently many times throughout the order, pro-
ducing various branched conditions, including the one
described by Griliths that certainly applies to thc ground
plan of the Acalyptratae. However, it seems probable that
three separate spermathecal ducts rvith indcpcndcnt
openings into the oviduct is the ground-plan state for the
Muscomorpha as a whole, and that the branchcd condi-
tion characteristic of the Acalyptratae is an apomorphic
condition.

. Two accessory glands opening into dorsal wall of
uterus just posterior to openings of spermathecal
ducts

. Ventral receptacle absent

Aut ap omorp hi c c hqractey s

. Lerve. Subesophageal, thoracic, and abdominal
ganglia fused to form a single ventral ganglion
(Fraser 1959, M. J. Roberts 1969a, Krivosheina
1969)

In the ground plan of the Brachycera the three pairs of
cerebral ganglia are fused to form a single pair of cephalic
ganglia, and the three pairs of subesophageal ganglia are
also fused. All these head ganglia are displaced into the
thorax in the lower Diptera, but, in the ground plan at
least, fusion between the thoracic and abdominal ganglia
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as occurs in the Muscomorpha, has not occurred. The
ground-plan state still exists in the Rhagionidae (M. J.
Roberts 1969a), but the larvae of many orthorrhaphous
Brachycera, especially in the Tabanidae, have a central
nervous system that somewhat resembles that of the Mus-
comorpha. They differ, however, in showing a pronounced
external segmentation, which does not occur in the Mus-
comorpha (M. J. Roberts 1969a, Krivosheina 1969). Ac-
cording to Krivosheina (1969) and Rozkobnf (1982), the
nervous system of the Stratiomyidae is remarkably con-
centrated, perhaps resembling that of the Muscomorpha
more than the Tabanoidea. Nevertheless. the consolida-
tion of all these ganglia into a unified, ventral, ganglial
mass is considered to be an autapomorphic condition of
the Muscomorpha.

. Corpora cardiaca, corpora allata, and peritracheal
glands (: prothoracic glands) coalesced to form a
ring gland (: Weismann's ring)(Hennig 1973)

In the ground plan of the Brachycera, the corpora al-
lata, which are paired and separate in various Nematoc-
era. are coalesced. ln Tabanus atratus Fabricius, for ex-
ample, they are joined to form a complex at the aorta, but
the corpora cardiaca still remain separate (Hennig 1973).
Knowledge of these brain-associated glands throughout
the Diptera is still fragmentary, but it is assumed that
their coalescence into a ring gland ( : Weismann's gland)
is an autapomorphic condition of the Muscomorpha.
However, because this gland is the source of the hormone
that inititates pupariation, a study of comparative condi-
tions in the Stratiomyoidea, whose members also form
puparia. would be interesting.

. Three larvol instars instead of four or more (Hennig
1973)

Precise knowledge about the numbers of larval stages is

fragmentary for most families of Diptera. Usually there
are from four to six in both the Nematocera and orthor-
rhaphous Brachycera, but the number varies in both
groups (Krivosheina 1969, Hennig 1973). There are seven
to nine in Tabanidae (Pechuman and Teskey, Ch. 31), six
to ten in the Stratiomyidae (Rozkobn!' 1982), six in some
Asilidae (Krivosheina 1969), and live in Therevidae
(lrwin and Lyneborg, Ch. 37). It seems very doubtful if
the six larval stages reported for a species of Lonchoptera
Meigen (Baud 1973) actually reiate to six true larval in-
stars (Hennie 1916b). The alleged fourth larval skin that
is found in the muscomorphan puparium (Hinton 1949) is

in reality only an inner layer of the endocuticle of the
third-instar larva (Whitten 1957). Consequently, it is as-

sumed that reduction to three larval instars, as occurs in
all known members of the Muscomorpha, is an autapo-
morphic ground-plan condition of the infraorder.

. External head capsule desclerotized to form a
mostly membranous cephalic segment (Teskey,

ch.3)
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Transitions from a relatively fully developed progna-
thous head capsule to a completely reduced acephalic
state can be found in the larvae of orthorrhaphous
Brachycera, depending largely on the type of feeding in-
volved. The tendency toward reduction can be traced in
various clades, leading to repeated membranization of the
external elements of the head capsule. Transition from
the massive head capsule of the Stratiomyidae, Taban-
idae, and Rhagionidae, in which all the constitutive ele-
ments are expressed, is traceable through the abbreviated
head capsule of the Xylophagidae, Asilidae, and There-
vidae, in which frontal and lateral sclerites are still dis-
tinct, to the greatly reduced head capsule of the final in-
star of certain Stratiomyidae, e.g. all Sarginae and
Hermetiinae (Rozkobn! 1982, p. I 7) and all stages of thc
Empidoidea. But no clear-cut transition is evident
between any of these types and the completely reduced
type in the ground plan of the Muscomorpha. Although it
is now agreed that the muscomorphan head represents a

logical further development of the features of the head
capsule of larvae of the orthorrhaphous Brachycera, as
pointed out by Cook (1949) and Ludwig (1949) and
adopted by Teskey (Ch. 3), it is also generally agreed that
the acephalic condition of muscomorphan larvae is an
autapomorphic character state with respect to that found
in all families of orthorrhaohous Brachvcera.

. Desclerotized anterior portion of larval head cap-
sule invaginated to form an atrium (oral pocket)
(Hennig 1973)

The atrium is present in most Muscomorpha (said to be
absent in the Lonchopteridae) between the functional
mouth and the cibarium. It was created by the additional
retraction of the head, including the mandibles within the
cephalic lobe and the thorax, and it is considered to be a
unique ground-plan character of the Muscomorpha
(Teskey, Ch. 3).

. Labrum forming a median labral tooth, retained as
an independent structure in Jirst instar only and
adapted for breaking the egg (Hennig 197 3 )

In the orthorrhaphous Brachycera, the labrum is rather
slender, laterally compressed, and wedge-shaped in all
instars and is used during feeding (Teskey, Ch. 3). Its
peculiar form and occurrence as a sclerotized tooth in the
hrst instar only (in both the Aschiza and Schizophora) is
considered to be an autaoomornhic condition in the
ground plan of the Muscomorpha. tn the Syrphidae it is
used for rupturing the cgg (Hartley 1963), and in the
Tachinidae it is used for penetrating the cuticlc of thc host
(Hennig 1973; Wood, Ch. I l0), as well as for rupturing
the egg.

. Internal structures of head forming a peculiar ceph-
alopharyngeal skeleton consisting of a tentopharyn-
geal sclerite, a hypopharyngeal sclerite, and a pair
of modffied mandibles
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The muscomorphan cephalopharyngeal skeleton differs
radically from the larval mouth parts of more primitive
Diptera. Just as in the case of retraction of the head cap-
sule. there is no clear-cut se,ries of connectant ciades
showing the gradual transforrnation of the cephalopha-
ryngeal skeleton from homolotgous structures in families
of the orthorrhaphous Brach)rcera. Consequently, most
workers agree that the unique cephalopharyngeal skele-
ton, as an integrated assemblage, is an autapomorphic
ground-plan feature of the Mur;comorpha.

At the same time, however, it is generally agreed that
the cephalopharyngeal skeleton of the Muscomorpha rep-
rssents a logical further de'velopment of pre-existing
structures present in the larvae of orthorrhaphous
Brachycera (Hennig 1973; Teskey, Ch. 3), not a complex
of completely new structures. Cook (1949), Ludwig
( 1949), and Krivosheina ( 1969t) outlined the major evolu-
tionary sequences in its development and interpreted
them in terms of trends expreslsed in various more primi-
tive representatives. Teskey (Ch. 3) summarized the main
trends as follows: further reduction and complete descle-
rotization of all external elernents of the maxillae and
head capsule, together with the loss of all direct connec-
tion of the tentorial phragmata with the external body
cuticle; complete fusion of the tentorial arms with the
pharynx; and additional phragmatal growth posteriorly to
the tentorial phragmata and 1o the fused tentorial arms
and pharynx. Cook (1949) noted that the tentorial devel-
opment in Odontomyia alticc,la James (Stratiomyidae)
presented a different picture than in other orthorrhaphous
Brachycera and found there an indication of a method by
which the inner framework of the muscomorphan larval
head may have developed. lt is perhaps specially notewor-
thy that the process, whereb,y the tentorium becomes
fused to the pharynx, begins in the Stratiomyidae and
occurs only there and in the N4uscomorpha. Krivosheina
(1969) cmphasized that the apparent similarity between
the cephalic segment of the Ernpidoidea and Muscomor-
pha is not confirmed by the basic organizational features
or the morphological details. Iihe concluded on the basis
of the entire complex of cephalic features of empidoid lar-
vae that the Empidoidea is a specialized group the larvae
of which bear only a purely superficial similarity to those
of the Muscomorpha.

. Antennal lobes largely -fused wilh the maxillary
lobes (Teskey, Ch. 3)

In the orthorrhaphous Bra,ohycera the antennae and
the maxillary palpi are more closely approximated than in
the Nematocera, but they still arise from separate scler-
ites on the head capsule. In the Muscomorpha, where the
external head capsule is atrophied and the maxillae arise
on a pair of membranous antennomaxillary lobes (com-
prising a bilobate cephalic segment), each antennal pa-
pilla is situated dorsally to each maxillary papilla
(Tcskey, Ch. 3). This condition has no closc counterpart
outside the Muscomorpha and is considered to be autapo-
morphic with respect to the ground plan of the orthorrha-
ohous Brachvcera.
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. Mandible with a single condyle articulating with the
hy pop haryngeal s c I e rite

In the Nematocera and most orthorrhaphous Brachy-
cera there are two mandibular condyles, an inncr e picon-
dyle articulating with the tentorial phragma, and an outcr
hypocondyle articulating with the external head capsule
(Cook 1949). It is assumed that fusion or loss of the hypo-
condyle has occurred in the Muscomorpha (Roberts
I 97 I ), and the socket joint has become shifted to the hy-
popharyngeal sclerite (which is a fusion product of the
tentorial phragmata and the pharynx). The same condyle
is lost in the Asiloidea and Empidoidea and is probably
associated with the heavily sclerotized maxilla present in
these larvae (Teskey, Ch. 3). Loss of the hypocondyle is

apomorphic with respect to the ground plan of the
Brachycera, and the more or less similar conditions in the
Asilomorpha and Muscomorpha are probably the result
of convergence (Krivosheina I 969).

. Tentorial phragmata produced posteriorly and
greatly expanded, forming dorsal and ventral
cornua

The bases of the U-shaped tentoropharyngeal scleritcs
are fused with the walls of the pharynx and represent, at
least in part, the tentorial phragmata (Teskey, Ch. 3).
The two dorsal cornua probably represent additional pos-
terior expansions of these same elements, but the two ven-
tral cornua apparently also include elements of the ante-
rior tentorial arms. These conditions are unique to the
Muscomorpha.

. Hypopharyngeal sclerite forming a heavily sclero-
tized, H-shaped supporling structure for the
cibarium (Teskey, Ch. 3)

This sclerite is apparently a fusion product of several
structures of which the hypopharynx is almost certainly a

part (Teskey, Ch. 3). The lateral bars ofthe hypopharyn-
geal sclerite may be partially derived from anterior exten-
sions of the points at which the tentorial phragmata artic-
ulate with the mandibles in the orthorrhaphous
Brachycera (Hartley 1963). However, the heavily sclero-
tized crossbar between the lateral bars, which crosses the
floor of the cibarium, appears to be at least partially de-
rived from the labium (Ludwig 1949). In the lower Dip-
tera, the salivary duct always opens into the cibarium
between the base of the labium and the hypopharynx,
and, because this duct enters just behind the transverse
bar in muscomorphan larvae, it is assumed that thc trans-
verse bar is at least partially derived from the labium or
hypopharynx or both (Teskey, Ch. 3). ln any event, the
peculiar, H-shaped form of the hypopharyngeal sclerite is
an autapomorphic feature with respect to the ground plan
of the orthorrhaphous Brachycera.

. Anterior spiracles prominently situated on a spirac-
ular stalk (Teskey, Ch. 3)

Throughout the Diptera the anterior spiracles differ
from the posterior spiracles, not only in structure, but
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probably also in function; in general, the posterior ones
are more strongly developed in all forms except those with
hemipneustic or propneustic systems (Keilin 1944). The
strongly developed, distinctly stalked condition of the an-
terior spiracle in the Muscomorpha seems to be a more or
less unique ground-plan feature. By way of contrast, the
anterior spiracles of the Empidoidea are very small or ves-
tigial (Peterson I 95 I ).

. Posterior spiracular plate with branching spiracular
hairs associated with hypodermic spiracular glands
that secrete a hydrofuge substance (Hennig 1973;
Teskey, Ch. 3)

The occurrence and structure of these hairs is rather
fragmentary. According to Teskey (Chs. 3, 5), they occur
in at least some members of the Aschiza, e.g. Syrphidae
(Fig. 5.20), and in most of the Schizophora (Figs. 5.39,

5.70, 5.78,5.85 87, 5.95, and 5.104). Normally four are
present on each spiracular plate. Their development is

evidently related to the life of the larvae in moist environ-
ments (Hennig 1973). Although spiracular glands are
present on functional spiracles of all dipterous larvae
(Keilin 1944), the occurrence of these peculiar, branched
hairs appears to be unique to the Muscomorpha.

. Head without an ecdysial suture

A distinct ecdysial suture is present in all dipterous lar-
vae with well-developed head capsules. Its absence in the
Muscomorpha is an autapomorpic condition associated
with the desclerotization and invagination ofthe head.

. Pupa. Anterior thoracic spiracle of pupa forming a
prothoracic, pupal respiratory horn that penetrates
the puparium in the first abdominal tergite

When a puparium is formed from the last larval skin, it
retains the more or less completely evaginated anterior
larval spiracles, but these probably become nonfunc-
tional. The pupa is smaller than'the puparium and the
space between the two cuticles, especially in the anterior
region, is filled with air (Keilin 1944). The pupa, itself,
develops a pair of functional anterior pupal spiracles,
which, for at least the initial stages of pupation, are en-

closed within the puparium. ln all the Aschiza except the
Platypezidae, in practically all the Calyptratae, and in a

few Acalyptratae the outer walls of the anterior pupal
spiracles and their feit chambers are produced into a pair
of sclerotized horns (prothoracic pupal respiratory horns)
covered with spiracular papillae. Both these horns are
then thrust out through a pair of small apertures in ab-
dominal tergite I of the puparium (for review see Keiien
1944). This phenomenon appears to be unique to the
Muscomorpha, and, because it is present in the ground
plans of all three main divisions of the infraorder, it is as-

sumed to be an autapomorphic pondition with respect to
the ground plan of the Brachycera. Excluding the protho-
racic pupal respiratory horns that occur in many aquatic
Nematocera, the closest approach to the condition found
in the Muscomorpha occurs in the Stratiomyidae. Similar
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protrusive, pupal respiratory horns, which originate from
the abdominai spiracles, are protruded through abdomi-
naltergites 1 6 of the puparium (James 1957; RozkoKnjr
1982,1983).

. Adult. Male with segment 9 and following parts oJ'
terminalia circumverted, i.e. rotated clockwise
through 360" around the long axis of the abdomen,'
main internal ducts of the genital, neryous, and tra-
cheal systems twisted around the hind gut

This phenomenon (for review see Griflrths 1972) is one
of the most outstanding autapomorphies in the ground
plan of the Muscomorpha. lt enables the males to store
their terminalia in a protected position beneath the abdo-
men and permits both sexes to mate in an upright, undi-
rectional position (J. F. McAlpine, Ch. 2). Although rota-
tion of up to l80o (inversion of the terminalia) has
occurred repeatedly in the Nematocera and the orthor-
rhaphous Brachycera (for review see J. F. McAlpine,
Ch. 2), true circumversion is unique to the Muscomorpha.
In the ground plan, only the first 1 80o rotation takes place
within the puparium, as in the Platypezidac, and the addi-
tional 180o takes placc during the teneral state immedi-
ately following emergence (for review see Griliths 1972).
In such cases, circumversion is reversible to an rnverse
position, thereby permitting males and females of some
families, including Platypezidac and Lonchaeidae, to as-
sume an upright, tail-to-tail orientation during the hnal
stage of mating. In most cases, however, especially in the
Schizophora, it appears that the ontogenetic process of
circumversion is completed at an earlier stage in relation
to the overall ontogeny of the animal, and a fixcd 360o ro-
tation occurs within the puparium (Griffiths I 972).

. Terminalia folded ventrally and anteriorly (ven-
troflexed) when at rest, so that their ventral surface
is in close contacl with the ventral surface oJ'the pre-
genital segments

Hennig (1916b) identified this jack-knife-like iolding
of the male terminalia as a modified ground-plan featurc
of thc Muscomorpha, along with circumversion. How
closely it is linked with circumversion is uncertain. In the
basic pattern of the Diptera, the male terminalia were
probably relatively unflexed when at rest (.1. F. McAlpine,
Ch. 2). In many Nematocera and in most orthorrhaphous
Brachycera, including the Empididae, they are usually
carried in a more or less dorsoflexed position. E,xcept for
an isolated case in the Mycetophilidae (Vockeroth,
Ch. 14, p.226), the closest approach to thc ventroflexed
condition of the Muscomorpha that I have found among
the orthorrhaphous Brachycera is in the Xylomyidae and
some Stratiomyidae. According to Woodley (personal
commun.), it evolved independently in these two families
for no flexion of the male terminalia has been observed in
any members of the three most primitive subfamilics of
the Stratiomyidae. Where flexion does occur in both fami-
lies, tergite 8 is greatly reduccd and the tern.rinalia are
strongly downwardly and forwardly directcd, but they are
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not so tightly folded against the ventral surface of the
much-reduced pregenital sternites (Ch. 2, Figs. 2.121
122). Probably the tightness of the folding in the Musco-
morpha comes as a result of physical tension created by
circumversion, for any flexible cylindrical article such as a
tube or rope that is twisted thr:ough 360' will always fold
tightly forward under itself. 'llhis jack-knife condition is
certainly autapomorphic for ttLe Muscomorpha.

. Segmenl 8 inverted, i.e. rotated clockwise I B0o
around the long axis of the abdomen; both tergite
and sternite asymmetric; sternite relatively large,
mainly in a dorsal position, but connected dexterct-
ventrally to hypandrium; tergite reduced to a nar-
row mainly ventral band, but connected sinistrodctr-
sally with epandrium

This peculiarly twisted ground-plan condition is clearly
evident in the platypezid, (irossoseta pacifica (J. F.
McAlpine 1967, Fig. 16; Kessel, Ch. 50, Fig. 50.21). No
truly transitional patterns are known between this condi-
tion and those found in members of the orthorrhaohous
Brachycera that show partial rotation. Superficial re-
semblances of these sclerites t,o homologous ones in some
Empididae where some twisting occurs, and in the Doli-
chopodidae, where sternite 8 occupies a left lateral posi-
tion, probably result from independent evolution.

. Segment 7 with tergite and sternite asymmetric and
rotated clockwise about 90o around the long axis of
the abdomen

This condition, as in the case of the previous character,
is also unusually clearly evident in G. pacffica (see same
Iigures). Tergite 7, which is connected to tergite 6 antero-
dorsally and to tergite 8 postoroventrally, is slender and
corkscrew-like. Sternite 7, which is connected to sternite 6

anterolaterally (in leit side) and diagonally to sternite 8

dorsolaterally, is reiatively lar,ge and plate-like. This con-
formation and arrangement is not found in the orthorrha-
phous Brachycera and is considered to be an autapo-
morphic ground-pian feature of the Muscomorpha.

. Epandrial and hypandrial complexes in two, instead
of three, horizontal planes (Hennig 1976b)

In the ground plan of the Diptera and throughout the
Nematocera and orthorrhaphous Brachycera, the male
genital complex is arranged in three horizontal planes, i.e.
a primarily tergal plane, a pleural plane, and a sternal
plane. The dorsal plane is corLposed mainly of tergites 9,
segment 10, and the proctiger. The median plane is com-
posed of the biarticled gonop,cds (which are fundamen-
tally pleural in origin and serre as genital claspers), the
aedeagus, and the parameres. The ventral plane is com-
posed mainly of sternite 9. In the Muscomorpha, one of
the most obvious changes, apprarently associated with cir-
cumversion and a change in the function of the gonopods,
is the reduction in the size of ttLe gonopods and the change
in their position in relation to sternite 9 (hypandrium).
Whereas they occupy a pleural position above sternite 9 in
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the lower Diptera, they have come to lie posteriorly to
sternite 9 and in almost the same horizontal olanc in the
Muscomorpha. In the Muscomorpha, the gonocoxal apo-
demes and adjoining rims of the gonocoxae are fused to
form a connecting bridge behind the aedeagus and the
parameres, homologous with the dorsal bridge of the
Bibionomorpha and Brachycera (see discussion of gono-
pods under "Plesiomorphic characters"), but it lies in
almost the same horizontal plane as the anterior part of
the hypandrium (sternite 9), rather than dorsai to it.

Hennig (1916b) was of the opinion that only two planes
could be distinguished in the Empidoidea (his Empidi-
formia), as in the Muscomorpha, but my investigations
(J. F. McAlpine 1967; J. F. McAlpine, Ch. 2) indicate
that there is no real difference between the ground-plan
condition of this character in the Emnidoidea and that of
the remainder of the orthorrhaphous Brachycera. The
three-plane arrangement is evident, for example, in
Gloma luctuosa Melander (Ch. 2, Figs. 2.124-126), an
empidid species in which both the gonocoxites and the
gonostyli are more strongly developed than in most mem-
bers of that family. The basal arms of the dorsal bridge
(formed primarily from the gonocoxal apodemes) are at
right-angles to the plane of sternite 9, and the dorsal
bridge lies in a plane well above that of sternite 9 (see J. F.
McAlpine 1967, Fig. 22). Therefore, I consider the two-
plane condition, as exemplilied by the Platypezidae, to be
an autapomorphic ground-plan feature ol the
Muscomorpha.

. Aedeagus slender with its apex directed
anteroventrally

The basic condition in the Diptera is for the aedeagus to
be directed posterodorsally, which appears also to be the
ground plan and prevalent condition in the orthorrha-
phous Brachycera including the Empididae. The Xylomy-
idae, in which the terminalia are ventroflexed and usually
twisted about 90o, is an exception. Also in the Dolicho-
podidae, in which the terminalia are folded anterolater-
ally against sternite 8 (J. F. McAlpine, Ch. 2), the ae-
deagus is often, if not always, anteroventrally directed. As
both these latter cases were attained by means of different
processes than in the Muscomorpha, the muscomorphan
condition is considered to be autapomorphic. I agree with
Griffiths (1912, p. 59) that the aedeagus was probably
slender in the ground plan of the Muscomorpha, but I dis-
agree with his assumption that it was probably upcurved,
i.e. recurved so as to be directed posteriorly. As evidence
for his beliefhe cited figures ofconditions in Plesioclythia
agarici (Platypezidae), Lamprolonchaea smaragdi
(Walker) (: aurea (Macquart)) (Lonchaeidae), and
Cryptochetum nipponense Tokunaga (Cryptochetidac).
For the iast mentioned soecies. he mistook the female ter-
minalia for the male terminalia, so that cvidence must be
rejected. The other two species probably reflect relatively
derived conditions in both families. The ground-plan con-
dition for the Platypezidae, and probably for the Musco-
morpha as a whole, is probably more as in the primitivc
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platypezid, Grossosela pacffica (Kessel, Ch. 50,

Fig. 50.21), and for the Lonchaeidae as in the primitive
lonchaeid, Protearomyia nigra (Meigen), (J. F. McAl-
pine 1983, Fig. 14). ln both cases the aedeagus is slender

and directed anteroventrally.

. Aedeagus more or less flexible and capable of
swinging through a wide arc

Griffrths (1912) was probably the first to draw atten-
tion to this peculiar feature. When the male terminalia
are circumverted and folded anteroventrally, such an
ability is a physical necessity lor copulation, especially in
those primitive forms, such as the Platypezidae and Lon-
chaeidae, that may assume an upright, tail-to-tail position
during coitus. Grilirths included as a contingent factor,
the articulation between the aedeagal apodeme (see next
character) and the basiphallus, but my investigations in-
dicate that an articulation exists at this point wherever
there is such an aedeagal apodeme, i.e. throughout the
Muscomorpha, even in those members that have a com-
pletely rigid aedeagus, e.g. many Lonchaeidae and Cha-
maemyiidae. Probably the capability to swing the ae-
deagus through a wide arc rests mainly on the flexibility
of the distiphallus. In the more primitive state, the entire
distiphallus is slender and flexible as in G. paciJica; in
more advanced states where the distiphallus becomes at
least partially secondarily sclerotized, as in most mem-
bers of the Muscomorpha including the Syrphoidea, the
Ephydroidea, and the Calyptratae, therc remains a flex-
ible hinge as it were, between the basiphallus and the
distiphallus. Where flexibility of the distiphallus has been
entirely lost, as in P. agarica (Platypezidae), many Lon-
chaeidae, and most Chamaemyiidae, the distiphallus is

either reduced to a virtual pore, as in species of Dasiops
Rondani (Lonchaeidae), or it is secondarily recurved pos-

teriorly. It seems likely that a wholly flexible distiphallus,
as exemplified in G. pacifica, is probably the ground-plan
state for the Muscomorpha and is an autapomorphic con-
dition of the clade.

. Aedeagal apodeme developed as an ingrowth from
the posterior base ofthe aedeagal guide

It is perhaps unfortunate that thc term aedeagal apo-
deme (phallopodeme) was applied to this unique ground-
plan feature of the Muscomorpha, because the structure
involved is not an apodeme of the aedeagus and it is not
homologous in its origin or in its main function with the
structures to which the same name is applied in the Nem-
atocera and orthorrhaphous Brachycera. Much specula-
tion exists concerning its origins and homologies in the
Nluscomorpha (lor detailed analysis see Hennig 1916b),
but no completely satisfactory interpretation has yet been

proposed.

In the Nematocera, the term aedeagal apodeme, or its
equivalent, is usually applied to the ejaculatory apodeme
which is usually solidly united with the internal walls of
the basiphallus. Similarly, in the orthorrhaphous
Brachycera, it is often applied to the ejaculatory apo-
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deme, which, as in the Nematocera, is usually fused with
the internal wall of the basiphallus. Sometimes, however,
the same name is applied to an extension of the external
walls of the basiphallus (Figs. 32.6, 33.t4, 3l .17; see also
Rozko5ny 1982, Fig. 3). In the ground plans of the Nem-
atocera and orthorrhaphous Brachycera, the apodemes in
question arise from, and are solidly interconnected with,
the aedeagus. The muscles inserted on them serve mainly
as motor muscles for the sperm pump, but, in some cases,
they may also serve for certain movements of the ae-
deagus (Hennig 1916b).

In the Muscomorpha, the so-called aedeagal apodeme
develops as an ingrowth from the posterior base ofa strap-
like sclerital connection or infolding of the integument
that extends from the median line of the hvnandrium to
the base of the aedeagal apodeme. i.e. frorn ihe posterior
base of the aedeagal guide (see J. F. McAlpine 1967,
Fig. l8). Hennig (1958, p. 539; 1973,p.218) was the firsr
to note this peculiar connection between the hypandrium
and the aedeagal apodeme in the Muscomorpha. He em-
phasized that it had nothing to do with the gonopods (pre-
gonites), and that the sole function of the aedeagal apo-
deme in the Muscomorpha is to position the aedeagus (as
opposed to having an ejaculatory function in the lower
Diptera). Later, Hennig (1916b) listed the same feature
as one of two important ways in which the Muscomorpha
differs in its ground plan from all other Diptera, including
the Empidoidea. Here he emphasized that, in most cases,
there is a distinct joint between the aedeagal apodeme and
the basiphallus. He also pointed out correctly that the axis
of the aedeagal apodeme in the Muscomorpha forms a
sharp dorsoventral angle with that ofthe aedeigus.

Hennig (1916b) concluded that the possession of a sep-
arate sperm pump independent of the aedeagal apodeme,
and the presence of a striking, at least partially sclero-
tized, connection between the aedeagal apodeme and the
hypandrium were probably interrelated features. He pro-
posed three possible alternatives for interpreting these
features:

1. The ejaculatory apodeme in association with the
sperm pump of the Muscomorpha is homologous
with the aedeagal apodeme of the Nematocera, the
orthorrhaphous Brachycera, including the Empi-
doidea, and the so-called aedeagal apodeme of the
Muscomorpha represents a neomorphic structure of
the group.

2. The aedeagal apodeme of the Muscomorpha is
homologous with that of the remaining Diptera, and
the ejaculatory apodeme in association with the
sperm pump of the Muscomorpha is a neomorphic
structure in that group.

3. The aedeagal apodeme and the ejaculatory apo-
deme in association with the sperm pump have
arisen through the splitting of a uniform structure,
which belongs to the ground plan of the Diptera and
still to that of the Eromoneura, and each of the pro-
ducts of that splitting has taken over one of the orig-
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inally combined functions of the former aedeagal
apodeme.

I believe that the first of these alternatives is most likely
correct, but Hennig favored the third alternative.

Griffths (1912), citing Sc,hreider (1927) and Black
( I 966), was probably correct in accepting that ontogenet-
ically the aedeagal apodeme of the Muscomorpha devel-
ops as an ingrowth of the integument at (not from) the
base of the aedeagus, but his c:onclusion that the presence
of any sclerotized link between the aedeagal apodeme and
the hypandrium or body wall is an apomorphic condition
with respect to the ground plan of the Muscomorpha, is
probably wrong. I agree with three other statements made
by the same author (Griffiths 1981): first, "the aedeagal
apodeme of the Cyclorrhapha. is an exogenous apodeme,
and so cannot be homologous; with the ejaculatory apo-
deme of the Orthogenya and other (lower) Diptera, since
the latter is endophallic in onLgin"; second, "it could not
have arisen by the splitting process suggested by Hennig";
and third, "the unpaired aporJemes (of the Nematocera
and orthorrhaphous Brachycera) that are involved in the
ejaculatory function are homologous with one another
and with the ejaculatory apodeme of the Cyclorrhapha
(: Muscomorpha)." However, Griffiths' indication here
and his definite statement later (Griffiths 1984) that the
unpaired aedeagal apodeme oi: the Muscomorpha is a fu-
sion product of the paired gonocoxal apodemes can
scarcely be taken seriously wilhin the context of his peri-
andrial theory. How can one rationalize a concept, which
holds on the one hand, that the gonocoxae migrate in op-
posite directions to the dorsum and fuse along their outer
margins to form a periandrium, and on the other hand,
that the endogenous apodemers of these gonocoxae fuse
along their midlines to form a median ventral apodeme
attached to the anterior margin of the basiphallus ?

All the data amassed during, my studies on the families
of the Muscomorpha support the opinion that the ae-
deagal apodeme in this infraorder develops as an ingrowth
of the hypandrial integument at the distal end of the ae-
deagal guide.

. Aedeagal apodeme rod-like (cuneiform), attached
to the body wall only at the point where it arises (see
aDove)

. Longitudinal axis of aedeagal apodeme forming a
sharp dorsoventral angle with the longitudinal axis
ofthe aedeagus (see above)

. A membrqnous arliculation oresent between ae-
deagal apodeme and basiphaltis (see above)

. Female with sternite 9 mostly membranized, furca
atrophied

The formation of a genital c:hamber, which in the Dip-
tera opens externally between sternites 8 and 9, involves
the invagination of the ventral abdominal region immedi-
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ately behind sternite 8. In the process of invagination
sternite 9 is carried forward and inward above stcrnite 8,
so that the external ventral surface forms the roof of the
genital chamber (Bonhag 1951, Irwin 1976). In the
ground plans of both the Nematocera and the orthorrha-
phous Brachycera, the posterolateral margins ofsternite 9
have internal foldings that usually are fused anterome-
dially to form a more heavily sclerotized, usually
Y-shaped furca '(genital fork) for musclc attachments.
With the progressive membranizalion of the main plate of
sternite f. it is often reduced to little else than the furca
itself. Nagatomi and Iwata (1916, 1978) showed that a

well-developed furca is present in most of the l'amilies of
the orthorrhaphous Brachycera, but they did not recog-
nize it as a derivative of sternite 9. Nagatomi's (1982)
conclusions, that sternite 9 is fused with sternite 8 and
that the furca is an independent structure, seem incorrcct.
The evidence presented by both Bonhag ( I 95 I ) and lrwin
(1916) leaves little room for doubt about its origins from
sternite 9.

In the Muscomorpha, reduction of sternite 9 appears to
have proceeded to the extent that the furca is no longer
present as a discrete structure, which would seem to be an
autapomorphic leature of the infraorder.

Apomorphic characteys

. Larva. Saprophagous, feeding on "particles" such
as bacteria, fungi, yeasts, and algae, in decaying
organic matter; mouthparts adapted for filter-
feeding (Dowding 1967, Roberts 197 l, Ferrar 1987)

Amongst endopterygote larvae in general, and proba-
bly in the ground plan of the orthorrhaphous Brachycera,
larvae are primarily predacious on invertcbratcs as is usu-
ally exemplified by the Tabanoidea, Asiloidea, and Empi-
doidea (M J Roberts 1969a). In gcneral, the larval
mouthparts are adapted for carnivorous feeding. The
Stratiomyoidea and Muscomorpha stand apart from the
rest of the Brachycera not only in being primarily parti-
cle- or detritus-feeders but also in having mouthparts that
are adapted for filter-feeding (Dowding 1967, Roberts
1 97 1 ). Such adaptations are considered to be apomorphic
with respect to the ground plan of the orthorrhaphous
Brachycera, but it is uncertain whether their occurrences
in the Stratiomyoidea and Muscomorpha represent syn-
apomorphies, parallelisms, or convergences.

. Head retracted into thorar

Retraction of the larval head into the thoracic segments
occurred repeatedly to varying degrees in the Nemato-
cera and in the orthorrhaphous Brachycera. For example,
it is often retracted for at least half its length in the Strati-
omyidae; in the Tabanidae and Rhagionidae it may be
fully retracted as in the Muscomorpha. Although the
fully retracted condition in the Muscomorpha is extrcme,
it can scarcely be considered unique. At the same time,
none of the retracted states in the orthorrhaohous
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Brachycera stands out clearly as a synapomorphy with
that of the Muscomorpha.

. Maxillae lost through reduction, desclerotiz(ttion,
and fus ion wit h mand ib le s

Fusion of the maxillae with the mandible is almost ex-
clusively a brachyceran character, but the beginning of
the process is evident in certain Culicidae (Cook 1 949).ln
most orthorrhaphous Brachycera, the mandibular part of
each maxillo-mandibular complex consists of a basal and
an apical part (M. J. Roberts 1969a), and fusion that has

occurrcd between the maxilla and the apical part of the
mandible has not procceded to the extent that questions

arise about the actual homologies. In many families, dis-

tinct elements of the maxillae are modified to form a kind
of lateral sheath for the apical part of the mandible. This
modification is readily apparent in the Tabanidae, Myd-
idae, Asilidae, and so on (Teskey, Ch. 3). In the Stratio-
myidae, however, fusion and membranization have pro-
ceeded to such a degree that, except for the maxillary
palpi, the elements of the maxiliae and the apical part of
the mandible can scarcely be distinguished from each

other (Cook 1949, M. J. Robcrts 1969a, Rozko5ny 1982).

A progressively skeletonized appearance of the maxillae
is also evident in larvae of the Vermileonidae, Empididae,
and Dolichopodidae (Teskey Ch. 3). In these families,
sclerotized parts of the maxillae can usually, if not al-
ways, be distinguished. In any event, whereas the com-
plete loss of the maxillae through fusion with the mandi-
ble and progressive membranization is an apomorphic
condition with respect to the ground plan of the orthor-
rhaphous Brachycera, it is not entirely unique to the Mus-
comorpha. Perhaps the closest counterpart of the musco-

morphan condition is that found in the Stratiomyidae (see

especially the penultimate instar of Sargus bipunctatus
(Scopoli), Fig. 60.5 in Rozko5n! 1982). Whether the sim-
ilarity results from parallel or convergent evolution is

uncertain.

. Mandibles reduced, basal and apical parts solidly
fused

A two-part mandible is prevalent throughout the or-
thorrhaphous Brachycera and is not uncommon in the
Nematocera (Krivosheina 1969, M. J. Roberts 1969a,
Hennig 1973). The undivided condition in the Muscomor-
pha probably came about through fusion and reduction of
one or both of these parts, and it certainly represenls an
apomorphic condition with respect to the ground plan of
the Brachycera. Hennig (1973) suggested that the basal
part was lost as a result of the reduction of the head cap-
sule, but Teskey (Ch. 3) drew attention to a lateral pore

leading to the lumen that is present on the basal mandib-
ular sclerite of tabanid larvae, and which is also present

on the enlarged triangular base of thc mandible of the
Muscomorpha. On the basis of this feature, plus the gen-

eral similarity of the form of the base of the muscomor-
phan mandible to that of certain orthorrhaphous
Brachycera, he concluded that the structures are homolo-
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gous, and that the two parts of the mandible have become
soiidly fused in the Muscomorpha. There is perhaps an
indication in the structure of the maxillo-mandibular
complex of the penultimate larval instar of certain Stra-
tiomyidae as to how this development might have occur-
red (see especially that of S. bipunctalas, Fig. 60.5 in
Rozko5n! 1982).

. Mandibular muscles shifted from outer head wall to
inner head framework (tentorial skeleton)

In general, each mandible in larval Diptera is operated
by several bundles of both dorsal abductor muscles and
ventral adductor muscles. In the Nematocera and some
orthorrhaphous Brachycera these muscles are inserted on
the outer wall of the head, but concurrent with the reduc-
tion of the outer head wall in some orthorrhaphous
Brachycera and in all the Muscomorpha, these musclcs
became shifted to the inner tentorial skeleton. ln the Mus-
comorpha, the two bundles of abductor muscles and the
three bundles of adductor muscles join the lateral surfaces
of the ventral cornua. which are believed to be derived
mainly from the anterior tentorial arms (Teskey, Ch. 3).
This final state is clearly apomorphic with respect to the
ground plan of the orthorrhaphous Brachycera, but the
beginnings of the muscle shift are evident especially in the
Stratiomyidae and Therevidae in which one of the three
adductor muscle bundles originates on the apex of the
anterior tentorial arm (Cook 1949; Teskey, Ch.3).

. Posterior arms of tentorium reduced, and anterior
arms fused with the cibaro-pharyngeal wall

There is a general tendency throughout the orthorrha-
phous Brachycera toward reduction ofthe posterior tento-
rial arms (Cook 1949), but fusion of the anterior arms
with the walls of the cibaro-pharyngeal complex occurs
only in the Stratiomyidae and Muscomorpha. In both
groups these conditions are apomorphic with respect to
the ground plan of the orthorrhaphous Brachycera, but
the significance of the structural similarities in these two
groups is uncertain. Cook (1949) observed that the strati-
omyid structure is one method by which the inner frame-
work of the muscomorphan head may have developed,
and Hartley (1963) noted that the stratiomyid structure
resembles that of the Syrphidae more than that of the
orthorrhaphous Brachycera.

. Pharyngeal filter present, composed of longitudinal
ridges and troughs in the ventral floor of the phar-
ynx bridged by numerous convergent microfilaments

Pharyngeal filters are biological sieves for concentrat-
ing suspensions of particulate matter such as bacteria,
protozoa, algae, fungal spores, and yeasts from liquid or
semiliquid media (Dowding 1967). In the Brachycera
they occur only in the Stratiomyoidea and Muscomorpha,
where they are special adaptations for the filter-feeding
habits that occur in the ground plans of both these groups.
It is generally agreed that the presence of a pharyngeal
filter is an apomorphic character with respect to the
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ground plan of the orthorrhaphous Brachycera (M J
Roberts 1969a). It is also generally accepted that it is a
plesiomorphic character in the ground plan of the Musco-
morpha, and that within the l4uscomorpha it has under-
gone subsequent loss or radiative specializations in con-
nection with carnivorous, phytophagous, parasitic, and
highly evolved lilter-feeding types (Roberts 1971, Hennig
1973). The cladistic significance of the occurrence and
the similarities of filter-leedin61 apparati in the Stratiomy-
oidea and Muscomorpha is uncertain. They are usually
interpreted as having resulted from convergent evolution.
This interpretation may be correct for the details of the
pestle-and-mortar-type pharyngeal mills that have devel-
oped in specialized branches of both groups (M J

Roberts 1969b) and even in the nematocerous family,
Ptychopteridae, but perhaps it is less applicable when ex-
tended to the basic design of pharyngeal filters in the
Brachycera as a whole.

. Anterior and posterior spiracles oftype III structure
(Keilin 1944)

In the ground plan of the orthorrhaphous Brachycera,
both anterior and posterior spiracles in mature larvae
appear to be of type II structure. ln this type the felt
chamber of each successive instar is developed around lhe
felt chamber of the previous instar, and the trachea of the
previous instar is withdrawn through an opening in the
middle of the new felt chamtrer and the new spiracular
plate. ln the basic plan the spiracular plate is symmetric
with numerous peripheral spiracular openings and with a

central ecdysial scar (Teskey, Ch. 3, Fig. 3.18D). In the
ground plan of the MuscomorJrha, both these spiracles are
of type I I I structure in which the felt chamber of each
successive instar is developed beside the felt chamber of
the previous instar, and the trachea of the previous instar
is withdrawn through a laterally placed hole in the base of
the new felt chamber and the rim of the new spiracular
plate; in the basic plan the spiracular plate is asymmetric
with only three radially arranged openings and a laterally
placed ecdysial scar (Teskey, Ch. 3, Fig. 3.198 and F).

Type III spiracles are probably apomorphic with re-
spect to type II spiracles and are therefore apomorphic
with respect to the ground plan of the Brachycera, but
they are not unique to the Muscomorpha. Keilin (1944)
illustrated their occurrence, especially with reference to
the anterior spiracles in several nematocerous families,
e.g. the Anisopodidae, Mycetophilidae, and Scatopsidae,
and to the posterior spiracles of the Therevidae. Peterson
( 1 95 1 ) shows that a type III condition also occurs both in
the anterior spiracles of the Xylomyidae (So/va Walker)
and several genera of the Straliomyidae, and in the poste-
rior spiracles of the Sciaridae and Scenopinidae. Further
documentation of this condition throughout the orthor-
rhaphous Brachycera might provide interesting clues con-
cerning the origin of the Muscomorpha.

. Pupa. Pupation occutin\T within the hardened cuti-
cle of the last larval in.star, i.e. third larval skin
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forming a tough cocoon (puparium) for the delicate
pupa. Pupation within the la.st larval skin, i.e. in a
kind of cocoon called a puparium, which is unique
to certain Diptera

By this means an exceptional protective structure is
produced by the larva to shield the pupa against adverse
environmental elements. D. M. Wood (oersonal com-
mun.) observed that almost all the Nematocara and the
orthorrhaphous Brachycera (which do not form puparia)
overwinter as larvae and have a pupal stage of short dura-
tion, whereas almost all the Muscomorpha (which do
lorm puparia) overwinter as pupae and may spend many
months and even years in the pupal stage. He suggested
that perhaps the main adaptive advantage of pupariation
to the Muscomorpha is to enable individuals to pass long
periods safely, especially during seasons that rrrc unsuit-
able for larval or adult activitics such as winters, dry sca-
sons, and wet seasons, in the quiescent, energy-conserving
pupal stage.

In the Nematocera, pupariation in the last larval skin is

found in all Perissommatidae, some Bibionidae, and all
Scatopsidae (Colless 1962). An analogous condition oc-
curs in some Cecidomyiidae, in which pupation occurs
within the skin of the penultimate larval instar (Hennig
1973, Colless 1962). As is usual in the Nematocera, thc
pupae in all these instances are obtect, i.e. the appendages
are fastened down to the body wall a ground-plan flca-
ture of the Diptera (Hinton 1949). This same condition
also applies in all the orthorrhaphous Brachycera with the
possible exception of some Stratiomyidae (Hinton I 949).
In all the Muscomorpha and possibly in some Stratiomy-
idae, the pupae are exarate, i.e. thc appendages are frce
from body wall, a state which, in Diptera, is clearly dc-
rived from the obtect condition (Hinton 1949). A some-
what intermediate state is evident in the Xylomyidae.
Another feature that is associated with these conditions is

that, in the Muscomorpha and Stratiomyidae, the pupal
cuticle is ihed withrn the puparium during the process of
emergence. This character also shows an intermediate
condition in the Xylomyidae, in which the pupal exuviae
is wedged in the opening of the puparium in a partially
extruded condition t Rozko$ny I 982t.

If the cladistics of the Nematocera, as presented pre-
viously (Wood and Borkent, Ch. 114) are correct, the
phenomenon of pupariation must have arisen indepen-
dently several times in the Diptera. It seems to have oc-
curred at least four times in the Nematocera. i.e. in the
Perissommatidae, Bibionidae, Cecidomyiidae, and Sca-
topsidae. It also occurred at least oncc, if not twice. in thc
Brachycera, i.e. in the Stratiomyoidea and Muscomor-
pha. More work is needed to establish whether these last
two cases represent evolutionary convergence or whether
they were inherited from a common ancestor. Although
certain details about pupariation in the Stratiomyoidea
differ from those in the Muscomorpha (more than three
larval instars involved, pupation probably occurs in spring
rather than autumn, less radical change in form of pu-
parium, and so on), there are distinct similarities, as dis-
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cussed, and the whole process of pupariation in the Strati-
omyoidea may reflect to some extent the evolution of the
same phenomenon in the Muscomorpha (Jusbaschjanz
1916).

. Pupa not motile, i.e. pupae without posteriorly di'
rected abdominal spines (Hinlon 1949)

Primitively the pupae of the Nematocera and orthor-
rhaphous Brachycera are well armed with stiff, poste-
riorly directed spines. These spines enablc them to wriggle
out of their surrounding cocoon and substrate to an ex-
posed site for emergence of the adult. Such spines are
almost always lost in species that shed the pupal cuticle
while still in their cocoon. Thus, they are absent on the
pupa of many aquatic Nematocera, some Bibionidae,
some Mycetophilidae, many Stratiomyidae, and all Mus-
comorpha. Loss of these spines is to be regarded as an

apomorphic condition (Hinton 1949), and it is interesting
to note that in the Brachycera it is shared by some Strati-
omyidae and the Muscomorpha, but not by the Empid-
oidea and most other members of the Asilomorpha.

. Bod) wall (epidermis) of adult renewed from imag-
inal discs ( Hennig I 97 3)

In many Nematocera, e.g. the Simuliidae and Culic-
idae, the body wall grows by cell division during the larval
period and is passed on from the larva to the pupa to the
adult (Hinton 1961). In the Muscomorpha, the larvalepi-
dcrmis is partially or entirely replaced in a process which
spreads from imaginal discs (Hinton 1961 , Bautz 1911,
Evans 196la c). The entire adult integument, except for
the abdomen, arises from 10 pairs of imaginal discs and a
genital disc (Postlethwait and Schneiderman 1974). Ac-
cording to Jusbaschjanz ( l9l6), a similar pattern exists in
the Stratiomyidae, but comparable data on other families
of the orthorrhaphous Brachycera are unknown.

. Cleavage lines of puparium H-shaped, restricted to
abdominal tergites I to 3

Puparial cleavage lines are lines of weakness in the pu-
parium that facilitate the escape of the adult from its spe-

cial cocoon. They occur in definite preformed positions
and show distinctive patterns throughout the Muscomor-
pha (see Brauns 1954). The relative lengths and positions
of these lines depend to a large extent on the source of the
pressure and the points at which pressure is applied on the
interior surface of the puparium by the emerging adult.

On the lrons of adults of most Schizophora is a well-
developed, protrusible, membranous bladder or ptilinum.
When the imago is ready to emerge from its puparium.
the ptilinum is inflated by blood forced into it by strong
contractions of the abdomen and thorax. Alternate infla-
tions and deflations of the ptilinum eventually force the
anterior end of the puparium to open along the preformed
cleavage lines. Because the force is locaiized in the ptilinal
area in these flies, the cleavage lines are shorter and more
restricted than in more primitive forms. A1so, the opercu-
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lum lifts from the front and opens posterodorsally rather
than vice versa. When the ptilinum is absent or weakly
developed, as in the Aschiza, the internal pressure for
splitting the puparium is less localized and a different
opening pattern is evident.

Probably the pattern of cleavage lines and the method
of opening in the aschizous family, Lonchopteridae, is the
one that has remained closest to the ground plan of the
Muscomorpha. The H-shaped cleavage lines consist of a

median longitudinal seam through abdominal tergites
1-3 inclusive: at each end of this seam is a transverse
seam but no horizontal lateral seams (see Brauns 1954,
Fig. 45A). The basic pattern of the Phoridae is similar to
that of the Lonchopteridae, except that the poslerior
transverse seam (on abdominal segment 3) is extended
laterally, thence forward horizontally along thc pleural
wall on each side to a point just in front of the anterior
transverse seam; at this latter point it suddenly bends ven-
trally. As a result, a dorsal lid or operculum, which in-
cludes abdominal segments 1-3 and the prothoracic pupal
respiratory horns, may be pushed up when the adult
cmerges (see Brauns 1954, Figs. 53,A, 53G). Neither of
these families has a ptilinum. The emerging adult proba-
bly lorces the puparium open by expanding the thorax
and possibly, to a limited extent, by expanding the head.

In the next evolutionary advance, the median longitudi-
nal cleavage line is lost and the two horizontal lateral lines
are extended to the anterior end of the puparium. Various
degrees of this condition are evident in the Syrphidae (see
Brauns 1954, Figs. 46 50). This family has a rudimen-
tary ptilinum (Hinton 1946), and the puparium, which is
distinctly spheroid anteriorly, is forced open from internal
pressure exerted primarily from the adult head. In all
cases, however, the upper operculum includes portions of
several abdominal tergites and the prothoracic, pupal,
respiratory horns. The Platypezidae show a rather similar
pattern, but the anterodorsal area of the puparium is dis-
tinctly flattened as far back as the posterior margin of
abdominal tergite 3, and the prothoracic pupal respira-
tory horns are not protruded through the puparium.

In the Schizophora, the pattern of cleavage lines and
the way the puparium is opened are more or less uniform.
The transverse cleavage line, which appears to be derived
from the primitive anterior transverse line, encircles the
puparium in the vicinity of the anterior margin of abdom-
inal segment 1; also, the two lateral horizontal seams ex-
tend anteriorly until they meet at the extreme anterior
end of the puparium. A dorsal and a ventral operculum
are thus formed, which are opened from the anterior end
when the adult emerges. The upper operculum does not
include any abdominal tergites, and the prothoracic, pu-
pal, respiratory horns, when present, remain intact on
abdominal tergite 3, which remains attached to the main
body of the puparium. As already indicated, in the Schiz-
ophora the pressure for opening the puparium is provided
by a well-developed ptilinum.

The pattern ofcleavage lines and the way the puptrium
is forced open in the Stratiomyoidea is similar to that de-
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duced for the ground plan of the Muscomorpha. Although
it is sometimes stated that adults of the Stratiomyidae
escape through a T-shaped slit (e.g. Rozko5n! 1982), the
cleavage lines are, in fact, H-shaped (as in the Lonchop-
teridae) in all examples I have seen (Beridinae, Sarginae,
Stratiomyinae, Clitellariinae, and Pachygastrinae). The
same is true for the Xylomyidae. The H-shaped cleavage
lines shown for Chiromyza rubriceps (Macquart) (Hin-
ton 1946, Fig. 36) are typical of both families. ln the Stra-
tiomyoidea, however, the prol.horacic, pupal, respiratory
horns do not penetrate the puparium; instead, abdominal,
pupal, respiratory horns penetrate the puparium on ab-
dominaltergites l-6 (Rozko5n.i 1982. 1983). Whether the
similarities noted are synap,)morphies, parallelism, or
convergences is uncerl.ain.

. Adult. Clypeus reduced, U-shaped, separated from
face by a relatively broad,frontoclypeal membrane

A detailed comparative study to elucidate the contra-
dictory and confusing array of views on the evolution of
the clypeal region of the Diptera is needed (Hennig
1973). In mandibulate Nematocera and orthorrhaphous
Brachycera, which presumallly manifest the primitive
state in the Diptera, the clypeus is large and occupies
most of the mid-facial area. Even in most non-mandib-
ulate forms in the iower Diptera, it is relatively large and
closeiy united with the lower margin of the face. Some-
times, e.g. the Blephariceridae, Trichoceridae, and Xylo-
phagidae, both its components, the proximal postclypeus
and distal anteclypeus, are evident. In the Muscomorpha,
however, it is usually reduced to a relatively narrow, stir-
rup-shaped sclerite, which is sharply separated from the
anterior margin of the face by a fairly broad frontoclypeal
membrane. This feature is probably an adaptive modifi-
cation associated with the general mobility of the probos-
cis, and with the ability to withdraw it deep into the sub-
cranial cavity. The most nearJy equivalent condition that
I have found is in the Stratiomyidae (certain Pachygastr-
inae and Sarginae), but, at least superficially, similar con-
ditions also exist in some Bombyliidae, some Empididae,
and probably in other families. There is little question
that the condition in the Muscomorpha is apomorphic
with respect to the ground pltan of the Brachycera, but
more work is needed to establish whether it is autapo-
morphic or synapomorphic with somewhat similar condi-
tions in members of the orthorrhaphous Brachycera.

. Occiput with a well-det,eloped, median, occipital
sclerite (J. F. McAlpine, <lh. 2)

According to Hendel (1928) and Hennig (1958), this
sclerite, which is marked o1I by internal dorsolateral
thickenings, is indistinct or absent in the Nematocera,
and its presence in many Brachycera constitutes an im-
portant diagnostic character. In the orthorrhaphous
Brachycera it is well developed in the Xylophagidae,
Stratiomyoidea, and Tabanoidea, but it is poorly devel-
oped or absent in the Nemerstrinoidea, Asiloidea, and
Empidoidea. The strong similarity of its structure in the
Muscomorpha with that of the stratiomyoid-tabanoid
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condition would seem to indicate a closer cladistic rela-
tionship with one or other of these groups or their ances-
tor(s) than with the Nemestrinoidea, Asiloidea, E,mpid-
oidea, or their ancestors.

Certainly the presence of a well-developed, median,
occipital sclerite is an apomorphic character with respect
to the ground plan of the Nematocera. However, it is still
uncertain whether it first appeared in the ground plan of
the Brachycera as a whole, or only in certain clades ofthc
Brachycera, i.e. the Xylophagidae, Tabanoidea, Stratio-
myoidea, and Muscomorpha. If the former, its presence in
the Muscomorpha would reprcsent a symplesiomorphic
condition carried over from the ground plan of the
Brachycera. If the latter, it nray represent a synapomor-
phy between a clade of the orthorrhaphous Brachycera in
which it occurs and the Muscomoroha. More research is
required on all aspects of the character.

. Apex of pedicel dorsolaterally notched to receive
the base oJ the first flagellomere, and with a mem-
branous, cone-shaped, distal condyle that is deepl.v
inserted into the base of the Jtrst ftagellctmere (Hen-
nig I97la)

That this suite of conditions is a ground-plan feature of
the Muscomorpha is proven by its occurrence in primitive
members of both the Aschiza and Schizoohora. It is well
documented in the Ironomyiidae (J. F. McAlpine 1967),
the Sciadoceridae (Tonnoir 1916), the Phoridae (Peter-
son, Ch. 5l), the Syrphidae (Hennig 1971a), and the
Pipunculidae (personal observation). In the Aschiza, thc
antennae of the Platypezidae (including Opetia Mcigcn)
and the Lonchopteridae differ from the basic muscomor-
phan plan in that the cone-shaped condylc is not deeply
inserted into the base of the first flagellomere. Neverthe-
less, the membranous cone is present and rcadily sccn in
macerated specimens. ln the Iight of the more typical con-
ditions that prevail in all the other families of the Aschiza
and in all the Muscomornha. the somcwhat different con-
ditions in the Platypezidae and Lonchoptcridle may well
be the result of secondary modifications.

The connection between the pedicel and the first flagel-
lomere in the empidid subfamiiy, Ceratomerinae, is su-
perficially similar to that in the Muscomorpha (scc
Chvdla 1983, Fig. 17), but maceration and dissection re-
veals that they are quite different in basic structure. The
invaginated portion of the pedicel ariscs from a projcction
on the inner apex of the pedicel and, in maccratcd speci-
mens, is readily eversible through a relatively large open-
ing on the inner base of the first flagellomere. Also, the
antennae of the dolichopodid genus SyrlormonLoew are
somewhat similar in external appearance to conditions in
the Ironomyiidae and Sciadoceridae, but maceration re-
vealed them to be similar to that in the Ceratomerinae.
except that no membranous pouch is inserted into the
base of the first flagellomere. Chandler (1981), in com-
paring the conditions of the Platypezidae with typical
conditions in the Empididae, relcrrcd to the platypezid
type of antennae as "empididform antennae." In view of
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other unrelated evidence that mitigates against a close
cladistic relationship between the Empidoidea and Mus-
comorpha, it seems likely that these similarities in the
antennas are the result of homoplasy. Among the orthor-
rhaphous Brachycera, the Stratiomyidae show more tran-
sitional stages between the filiform antennal types of the
Nematocera and the aristate types of the Muscomorpha
than any other family (Jorgensen and James 1968). Out-
side the Muscomorpha, it is in the Slratiomyidae that the
peculiar muscomorphan type of attachment between the
pcdicel and the first flagellomere is first encountered. lt is

a common feature in the sublamily Pachygastrinae, in
which thc basal part of the flagellomcre is, in many cases,

reduced to three or four fused flagellomeres, and the ari-
sta is commonly composed of three aristomeres (Jor-
gensen and James 1968). Occurrencc of these conditions
in ths Stratiomyidae shows that thcy did not arise first in
the Muscomorpha, and their striking similarity to condi-
tions in the Muscomorpha indicates they are probably sig-
nificant clues to the origins of the Muscomorpha.

. Flqgellum consisting oJ' a composite first flagello-
mere and a three-segmented, pubescent, dorsoapical
onsta

In the basic plan ofthe Brachycera, the flagellum prob-
ably consists of eight flagellomeres, which are all rela-
tively similar to each other (Henntg 1967 a, 1972b). This
type of flagellum is found in representatives of only a few
families, i.e. the Xylophagidae, Pantophthalmidae, Ta-
banidae, Vermileonidae, Xylomyidae, Stratiomyidae,
Rhagionidae, and Pelecorhynchidae, all of which arc of-
ten combined under the name Homoeodactyla (Hennig
1973). All the other brachycerous families, sometimes
rclerred to as the Heterodactyla, have a reduced number
of flagellomeres, i.e. never more than four and often even

fervcr. Similar reductions occur in most families of the
Homoeodactyla, and there is firm evidence, especially in
the Stratiomyidae (Jorgensen and James 1968), that
these reductions have occurrcd independently and in dif-
ferent manners. For example, the fused basal part of the
flagellum in the Pachygastrinae consists of three to five
flagellomeres and the arista consists of two or three
aristomeres, whereas in the Sarginae the basal part con-
sists of lour flagellomeres and the arista consists of a sin-
gie aristomere (Jorgensen and James 1968).

Hennig (1912b) contributed much to our understand-
ing of the origin and evolution of the arista throughout the
Brachycera, but he said little or nothing about the compo-
sition of the first flagellomere (referred to by him as the
funiculus). He believed that the sharp separation between
the hrst flagellomere and the reduction of the arista to, at
most, three aristomeres might be synapomorphic attri-
butes that suggest the monophyly of the Helerodactyla. I

believe that this assumption rests on weak grounds until
the basic composition of the first flagellomere, as rvell as

the arista, is established. Perhaps it consists of a different
number in the Asilomorpha than in the Muscomorpha, as

is the case with the arista.



PHYLOGENY AND CLASSIFICATION OF THE MUSCOMORPII^ I 16

I know of no study purporting to show the number of
original flagellomeres that are embodied in the first fia-
gellomere of the Asilomorpha or Muscomorpha. That it
does. in fact. contain elements of at least thrcc or four
flagellomeres is perhaps evidenced by the distribution of
microscopic sensory pits (Jorgensen and James 1968),
which can be detected on most forms. In groups ol the
Stratiomyidae in which fusion of these flagellomeres has
occurred, there is a strong tendency for these pits to
become concentrated on the distal cdges ol flagellomeres
1-4. Thus, the alignment of the sensory pits reflccts the
original segmentation (Jorgensen and James 1968,
Figs. 3D, E, F, H, I, K, L). Possibly the arrangernent of
sensory pits and other microstructures in the lirst flagel-
lomeres of certain members of the Asilomornha and Mus-
comorpha reflect the original segmentation involved. Un-
fortunately, insufficient comparative data are available to
resolve this problem. Despite this, howevcr, it is evident
that the antennae of the Muscomorpha resemble thosc of
certain members of the Stratiomyidac, especially in the
subfamilies Pachygastrinae and Sarginae, and it seems
plausible to assume that the stratiomyid antcnnae illus-
trate the kind of transition that occurrcd between the llli-
form type of the Nematocera and the aristate type of the
Muscomorpha (Jorgensen and James 1968). Hcnnig's
(1912b) findings, that in the ground plan of the Asilomor-
pha the number of aristomeres is two and that the apical
segment is a relatively short, blunt, nonpubesccnt, hyaline
stylus, are very significant. These conditions arc usual in
the Therevidae, Scenopinidae, Mydidac, Apioceridae,
Asilidae, Empididae, and Dolichopodidae. In certain
cases within a number of these families, the aristu is rc-
duced to one aristomere, but the clear terminal stylus is

usually retained. In the Muscomorpha, thc basic number
of aristomeres is three. The terminal segment, which is
the longest, is gradually tapered to a fine tip, and it is pu-
bescent and of uniform texture throughout. On the basis
of the three-segmented condition, the Muscomorpha are
more primitive than the Asilomorpha, including the Em-
pidoidea (Hennig 1910, 1913). Thc pubescent condition
and the absence of a hyaline terminal stylus are probably
also primitive conditions. It was mainly thesc diffcrences
between the aristae of the Empidoidea and Muscomorpha
that caused Hennig (1912b) to renounce the idea that the
Empidoidea are most closcly related to the Muscomor-
pha. The closest conditions 1o those of the Muscomorpha
are probably found in the Stratiomyidae, especially in thc
Pachygastrinae (Jorgensen and Jamcs I 968).

Hennig (\912b) noted that in some Nemcstrinidae the
arista consists of three separate aristomeres of which the
last is the longest as in the Muscomorpha. However, in
this family the last segment is usually cndowed with a
nonpubescent, hyaline, terminal stylus as in the Asilomor-
pha. Also, in some representatives, the arista is unseg-
mented and the terminal stylus is lost. According to
Woodley (personal commun.), Greathead's (1967) state-
ment that the arista of Trichopsidea Westwood consists
of six segments is in error. Because thc peculiar terminal
stylus is present on the arista in the ground plan of the
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Nemestrinidae, it seems prolbable that the three-seg-
mented condition here and in the Muscomoroha is the re-
sult of homoplasy.

. Proboscis highly mobile, capable of being retracted
far into the head capsule, adapted for lapping and
sucking, and mandibles altsent in both sexes

In the basic plan of the Diptera, and in the ground plan
of the Brachycera, the mouthparts are adapted for pierc-
ing and sucking (J. A. Downes 1958, Hennig 1973). This
applies to the females only, most of which require a blood
meal to provide the proteins needcd to develop their eggs.
ln such forms the proboscis is relatively closely attached
to the head capsule and fully exposed as, for example, in
females of most Blepharicerida:e, Simuliidae, and Taban-
idae. The proximal border of the proboscis lies between
the postmentum and the prementum on the ventral side,
and between the face and the clypeus on the dorsal side.
But this basic design was retrrined in relatively few in-
stances in both the Nematocera and the Brachycera. In
the Nematocera it was retained in the ground plans of the
Tanyderidae, Blephariceridae, Psychodidae, Dixidae,
Chaoboridae, Culicidae, Simuliidae, Thaumaleidae, Ce-
ratopogonidae, and ChironomiLdae, but it was lost within
each of these on various occasions. In the Brachycera it
was retained only in the Tabanoidea, and, within that
group, it was lost repeatedly as the necessity for blood-
feeding disappeared.

Proboscis forms thal deviate from this basic pattern
occur frequently throughout the order. Usually in groups
in which the proboscis is greatly elongated, e.g. the Culi-
cidae, some Mycetophilidae, some Tabanidae, the Acro-
ceridae, the Nemestrinidae, the Bombyliidae, some Em-
pididae, some Conopidae, and also in the Stomoxinae and
Glossinidae, it is mainly the ha.ustellum that is elongated.
In other cases, however, the labella are also involved, e.g.
in certain Conopidae, Tephritirlae, Milichiidae, and Chlo-
ropidac, in which the proboscis is strongly geniculate. In
still other cases, e.g. the Nymphomyiidae, several Acro-
ceridae, and many Oestridae, rlhc proboscis is entirely re-
duced. Placing these and other obvious deviations aside,
howcver, it is evident that, throughout the Diptera,
mouthparts became independently adapted for lapping
and sucking on many differenL occasions. The important
difference is that in this type ,rf proboscis the mandibles
are lost in both sexes, and that both the carbohydrate diet
for normal energy needs and the protein-rich diet for
ovarian development are obtained by a nonmandibulate
type ol feeding. Mandibles are missing in the ground plan
of the Tipulomorpha, Bibionomorpha, Xylophagoidea,
Stratiomyoidea, Nemestrinoidea, Asiloidea, Empidoidea,
and Muscomorpha. This adaptation opened the way to a
much broader range of protein sources, other than living
animals, and is probably one of the main factors that led
to the great diversification of thLe Diptcra.

Although the derived forrrL is almost certainly apo-
morphic with respect to the ground plan of the Brachy-
cera, it could be autapomorphic for many lineages within
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the Brachycera, including the Muscomorpha. tf it could
be shown that thc Muscomorpha have the same com-
monly evolved character state as another clade within the
Brachycera it would be an important synapomorphy.

In the ground plan of the Muscomorpha, the premen-
tum is separated from the head capsule wall (formed on
the ventral side by a continuous hypostomal bridge) by a
widc membranous area. The same membranous area ex-
tends over thc dorsal side of the proboscis between thc cly-
peus and the face, and between the clypcus and the la-
brum. Thus, the proboscis is dividcd into three. more or
less separated parts, i.e. a large, membranous basiprobos-
cis (rostrum), an intcrmediate basiproboscis (haustel-
lum), and a distaldistiproboscis (labclla) (Hennig 1973).
These modifications, especially in the rostral areu, render
the proboscis very flcxible and enable it to be withdrawn
decply into an enlarged subcranial cavity. According to
Hennig (1973), rostral structures, which in some respect
resemble those of the Muscomoroha. arc found in the
Stratiomyidae, Bombyliidae. and Emprdoidea. With re-
gard to the Empididac, however, he stated that thc prox-
imal margin ol the clypeus is firmly fused with thc facc,
and that the clypeal membranc is prcsent only between
the distal margin of the clypeus arnd the labrun.r. More
research is needed to cstablish rvhethcr thc similarities
bctween the mouthparts of the Stratiomy'idae, Bombyli-
idae, and other brachycerous groups are truly homologous
with those of the Muscomorpha.

. Maxilla reduced Io a slender lacinia and a one-ses-
me nte d maxi I I ary pal pus

In the basic pattern of the Diptera the maxilla consists
of a cardo, a stipes, one endite comprising a slender,
blade-like lacinia, and a five-segmented palpus (J. F.
McAlpine, Ch. 2). As shown by Bonhag (1951) for the
Tabanidae, the border between the cardo and the stipes is
still in evidence in the ground plan of the Brachyccra, but
it is missing in most of the Diptera, including all the Mus-
comorpha (Hennig 1973). Unfortunately, the detailed
morphoiogy of the maxilla is still unclear for most groups
so it is difficuit to draw any meaningful comparisons. Ac-
cording to Hennig ( 1973) the paired stipites have shifted
inwards in the Schizophora and in the Empidoidea, but in
the Schizophora they are in contact with the labrum,
whereas in the Empididae they are in contact with the
labium.

A two-segmented palpus has been reported for most of
the orthorrhaphous Brachycera, but a one-segmented
condition similar to that present in the ground plan of the
Muscomorpha is known in some members of many fami-
lies, including thc Stratiomyidae (Pachygastrinac) (Roz-
ko5njr 1982), the Therevidae (lrwin and LyneborC, Ch.
37), the Scenopinidae (Kelsey, Ch. 38), the Apioceridae
(Peterson, Ch. 4l), the Asilidae (G. C. Wood, Ch. 42),
the Acroceridae (Schlinger, Ch. 43). and the Bombyliidae
(Hall, Ch. 45). It is one-segmented in all Mydidae
(Wilcox, Ch. 40), Empididae (Chv61a 1983), and Doli-
chopodidae (Robinson and Vockeroth, Ch. 48).
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. C endingat M

C surrounds the wing in the ground plans of both the
Nematocera and the Brachycera, but it fades out and
becomes absent beyond the costal insertions of R and M
in the Deuterophlebiidae, in some Blephariceridae, in all
Chironomidae, in all Bibionomorpha except the Ceci-
domyiidae, in all Stratiomyoidea, in some Empididae, in
all Dolichopodidae, and in all the Muscomorpha except
Lonchopteridae and some Platypezidae (Opetia spp.)
(J. F. McAlpine, Ch. 2). lt seems likely that it was devel-
oped secondarily in the Cecidomyiidae, Lonchopteridae,
and Opetia.lt is perhaps significant that in the major cla-
des of the Brachycera it ends near the wing apex only in
thc ground plan of the Stratiomyoidea and Muscomor-
pha, but it is uncertain whether the reduction results from
evolutionary parallelism or convergence. However, the
fact that C surrounds the wing in the ground plan of the
Empidoidea (Chv6la 1983) and in the Asilomorpha in
general, probably argues against the cladistic validity of
the Eremoneura.

. R,two-branched, i.e. neither Rr*, orRo*, Jbrked

I n the ground plan of the Diptera, R" is twice branched,
but the four free branches are retained only in the
Tanyderidae and Psychodidae. In the ground plan of the
Brachycera, Rr*, is unbranched, but R,, and R, are sepa-
rate. The free tips of R,, and R, are retained in the ground
plans of most of the major clades of the Brachycera ex-
cept the Muscomorpha, but R,,*, also occurs as a single
vein within many families of the orthorrhaphous Brachy-
cera. Therefore, the unforked condition of Rr*r, although
apomorphous with respect to the ground plan of the
Brachycera, cannot be considered unique to the Musco-
morpha. On the other hand, because the same condition
occurs so commonly outside the Muscomorpha it is of lit-
tle value for establishing cladistic relationships.

. M two-branched, i.e. Mrabsent

A free M, is present in the ground plan of the Brachy-
cera and is retained in the ground plans of all the major
subordinate clades except the Empidoidea and Musco-
morpha. However, just as in the case of the previous char-
acter, it has been lost independently within many groups
of the orthorrhaphous Brachycera, and it seems likely
that its loss in the Empidoidea and Muscomorpha was
likewise realized through independent processes. But
there is no direct evidence for or against this hypothesis,
and, as with the reduced branching of R,, it also appears
to be of little use in establishing the origins of the
Muscomorpha.

. Cell cup acutely closed near the wing margin. i.e.

CuA, not far removed from the wing margin qnd not
recuived on A,

A closed cell cup is formed by the fusion of CuA, and
A,. This fusion never occurs in the Nematocera, but it
occurs or nearly occurs in the ground plans ofvirtually all
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families of the Brachycera. Cell cup is relatively widely
open to the wing margin in many Bombyliidae and in a
few Asilidae (Leptogaster Meigen), only. In the ground
pian of this condition, CuA, joins A, at an internally acute
angle, but with the accompanying trend for cell cup to
become progressively shorter, the internal angle at which
CuA, joins A, becomes progressively greater. In extreme
cases, such as occurs in the ground plan of the Empid-
oidea (Chvdla 1983) and in some specialized members of
the Schizophora, CuA, becomes recurved, thus forming
an obtuse angle at its juncture with A,. These trends are
well illustrated in the series of wing illustrations provided
for the "Key to Families" (J. F. McAlpine, Ch. 4). The
most generalized states of this character occurring in the
Muscomorpha are probably shown by members of thc
Syrphidae and Pipunculidae in the Aschiza. Because rela-
tively similar conditions occur so commonly throughout
the orthorrhaphous Brachycera, this character state can
tell us little or nothing about the origins of the Muscomor-
pha. On the other hand, its peculiarly specialized state in
the ground plan of the Empidoidea speaks strongly
against a sister-group relationship between the Empid-
oidea and Muscomorpha.

. Empodia setiform

The question of whether a setiform empodium arose
from a pulvilliform one, or vice versa, is still unsettled
(Hennig 1981). Ross (1965) thought that the lobe-like
empodium of the Homoeodactyla is a derived character,
but there is some evidence that it is, in fact, a plesio-
morphic condition of the Diptera that was carried ovcr
into the Brachycera. The presence of a pulvilliform empo-
dium in the Mecopteroidea, in most Bibionomorpha, and
in the most primitive orthorrhaphous Brachycera is usu-
ally taken as evidence that the pad-like form is more gen-
eralized than the seta-like form. In the Nemestrinidae,
most members have pulvilliform empodia, but in some
members it is reduced to a relatively slender process. In
many Bombyliidae it is reduced to a short, triangular
process, and it is absent in the Mydidae and Apioceridae.
These reduced conditions are almost certainly derived
states, The setiform empodium that occurs in many ort-
horrhaphous Brachycera and in all Muscomorpha is cer-
tainly homologous with the puivilliform empodium of the
Bibionomorpha and the so-called Homoeodactyla. It
arises as an unpaired median process from the plantar
region of the aroleum (J. F. McAlpine, Ch. 2) and I
believe that the setiform condition is apomorphic with re-
spect to the ground plan of the Brachycera. A cursory
analysis of its condition in the Muscomorpha shows that it
always has a rather broad base, is frequently relatively
coarsely pubescent throughout, and is sometimes rela-
tively broad and blunt-tipped. It varies from family to
family in size, length, shape, curvature, and vestiture. For
instance, in the Platypezidae and Lonchopteridae it is
very reduced or absent, whereas in the Nothybidae and
Strongylophthalmyiidae it is relatively broad and flat; in
the Coelopidae it has a plume of long hairs at the basc,
and in the Dryomyzidae it is unusually long and recurved.
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Comparative study of this struLcture throughout the Dip-
tera would undoubtedly provicle many interesting cladis-
tic insights, but in our present state of knowledge, it can-
not be effectively used as an indicator of the ancestry ol
the Muscomorpha.

. Mid coxal prong presenl

This peculiar process arisesr from the upper posterior
margin of the excised outer suLrfacc of the mid coxa and
projects anteroventrally over er cluster of sensory setulae
on the mid trochanter (J. F. M,;Alpine, Ch. 2). It was first
recorded by Malloch (1923), who observed that its
absence in the Pyrgotidae and Conopidae separated those
two families from nearly all other Muscomorpha. lt is

clearly a ground-plan feature of the Muscomorpha, for it
occurs almost universally in both the Aschiza and Schiz-
ophora. With regard to the l\.schiza, I reported earlier
(J. F. McAlpine, Ch. 2) that i1 was absent in the Platype-
zidae. but I have since found that it occurs in a number of
genera including Opetia, Melanderomyia Kessel,
Platypezina Wahlgren, Grossoseta Kessel & Kirby, Cal-
lomyia, and others. It is absent, however, in the lronomyi-
idae and seems to be weakly developed or absent in many
Pipunculidae. Nevertheless, it is sultrciently widespread
throughout the Aschiza to indicate that it was present in
the ground plan of that clade. [n the Schizophora it is ab-
sent only in reduced or peculiarly adapted forms. It is not
absent in all Pyrgotidae as repc,rted by Malloch, for I have
found it in the South American genera Pyrgotosoma
Malloch and Tetrura Bigot, and in an unidentified mem-
ber of the family from Lake Albert, Uganda. However, I
have not found it in any Conopridae, and it also seems to be
absent in such bizarre families as the Braulidae. Mormot-
omyiidae, Mystacinobiidae, I{ippoboscidae, Nycteribi-
idae, and Streblidae. Again however, it is so widespread
throughout the Schizophora, that it must have been pre-
sent in the ground plan. In an extensive survey of repre-
sentatives of almost all families of the Nematocera and
the orthorrhaphous Brachycera for the presence of this
feature, I found it in two families, the Stratiomyidae and
Tabanidae. ln the Stratiomyiclae it is weakly to strongly
developed in seven of the nine subfamilies that are cur-
rently recognized (Rozkobn!' I 983) (absent in all Berid-
inae and Chiromyzinae examirLed). In the Tabanidae, it is
well developed in the Chrysopinae and Tabaninae, but I
did not find it in any Pangoniinae. I found no indication of
it, whatever, in any of the Nernatocera, nor in any of the
remaining orthorrhaphous Brachycera examined.

It is rather difficult to rationalize the occurrence of this
little-known character within the cladistic framework of
the Brachycera as perceived try most workers, including
Woodley (Ch. I l5). How can an apparently homologous
feature of this nature be exprerised only in the Stratiomy-
idae, Tabanidae, and Muscom,rrpha? If it were a ground-
plan feature of the Brachycera. that was carried over into
these groups, one would expect to see traces of it in related
clades such as the Xylophagidae, the Xylomyidae, and
additional members of the Tabanoidea as well as in the
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supposedly most primitive clades of the Stratiomyidae
(Chiromyzinae and Beridinae) and the Tabanidae (Pan-
goniinae). On the basis of its presentll'known occurrencc
it perhaps seems most parsimonious that it evolved indc-
pendently three times rather than bcing lost in the more
primitive Stratiomyidae. However, it may yet be found
elsewhere, for absence of proof is not always proof of
absence. Although the possibility that its occurrence in
these three groups only is the result of homoplasy cannot
be entirely ruled out, it is difficult to accept that such a
peculiar feature would evolve spontaneously in exaclly
the same position, and in such similar form, on threc sepa-
rate occasions. Certainly these processes are homologous
within each of the three groups involved, and when one
studies examples of them as they occur in, e.g. Sargus
Fabricius, Tabqnus Linnaeus, and Syrphus Fabricius,
they give a definite imprcssion of being homologous struc-
tures that were inherited from a common ancestor. There
can be no doubt that the mid coxal prong did not first arise
in the Muscomorpha, and the possibility that it is a synap-
omorphic feature of its bearers should not be dismissed
lightly.

. Male terminalia. Gonocoxites fused with hypan-
drium, and gonostyli reduced and fused with gono-
coxites (J. F. McAlpine, Ch. 2)

These character states were discussed to some extent.
under the plesiomorphic characler "Gonopods joined (not
fused) with hypandrium, ..." and also under thc autapo-
morphic character "Epandrium and hypandrial con-r-
plexes in two instead of threc planes...." Hcrc. it is ncces-
sary to emphasize that the fusion of the gonocoxites with
the hypandrium and the fusion and reduction of the gono-
styli are apomorphic states with rcspcct to the ground
plan of the Brachycera. However, similar fusion and re-
duction of these parts occur so commonly in various
clades of the orthorrhaphous Brachycera that, by them-
selves, these states are of little help in establishing the
ancestry of the Muscomorpha.

As explained earlier, I reject Griffiths' (1972, 1981,
1983, 1984) statements to the effect that in the Erc-
moneura, not only have the gonocoxitcs migrated dorsally
in opposite directions and become fused along their prc-
viously outer margins to form a periandrium that replaces
the epandrium, but also that the gonostyli have somehow
become linked up posteriorly with the dorsal sclerites of
the proctiger and have replaced the surstyli.

. Sperm pump free from aedeagus and aedeagal apo-
deme, and with a separate ejaculatory apodeme and
sperm duct

In the ground plans of both the Nematocera and or-
thorrhaphous Brachycera, the sperm pump is enclosed
within the base of the aedeagus and is closcly associated
with what is often referred to in these groups as the ae-
deagal apodeme (phallapodeme). That apodeme arises
from, and is firmly attached to, the inner walls of the ae-
deagus, and the muscles that operate the sperm sac are
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attached to it (see discussion under the autapomorphic
character "Aedeagal apodeme developed as an ingrowth
from the posterior base of the aedeagal guide"). ln this
way, the sperm pump is only loosely joined to the base of
the aedeagus by means of the ejaculatory duct (which
continues through the lumen of the aedeagus or endophal-
lus to the gonopore), and the ejaculatory apodeme ls com-
pletely separate from the body wall.

Possession of a separate sperm pump with its own inde-
pendent ejaculatory apodeme for attachment of muscles
that operate the sperm sac evidently belongs to the modi-
lied ground plan of the Muscomorpha, for it is present in
all but a few members of both the Aschiza and Schiz-
ophora. In the Aschiza it is possibly absent in the Phori-
dae (Hennig 1916b), but it is present in all other families
including the Ironomyiidae (J. F. McAlpine 1961,
Fig. I I ) and the Sciadoceridae (personal observation). Its
absence in some Platypezidae and possibly in all Phoridae
is almost certainly as a result of secondary reduction. It is

probably also secondarily reduced in certain members of
the Schizophora (Griffiths 1972).

Hennig (1936, 1916b) suggested that both the ejacula-
tory apodeme and the aedeagal apodeme of the Musco-
morpha may have arisen by splitting of a previously uni-
form structure, i.e. the so-called aedeagal apodeme
(phallopodeme) of the lower Diptera. I agree with
Grillrths (1912) that no convincing evidence supports that
hypothesis. I believe, however, that the muscomorphan
ejaculatory apodeme, by itself, may be derived from the
so-called aedeagal apodemc of the lower Diptera. Perhaps
the key to its origins in the Muscomorpha is revealed in
the Stratiomyidae. In the subfamily Beridinae, for exam-
ple, the ejaculatory apodeme resembles the generalized
muscomorphan type, and, although it is still partially in-
serted into the base of the aedeagus, it is free from the
walls of the aedeagus (see Rozko5ni 191 3, Fig. 96; 1 982,
Fig. 11.8). In most other members of this family, how-
ever. the same structure is attached to the inner walls of
the aedeagus. These varying conditions within the Strati-
omyidae reflect how a separate ejaculatory apodeme
could arise by gradual detachment from the inner walls of
the aedeagus, and, in this way, how the withdrawal of the
entire sperm pump from the base of the aedeagus would
be possible. Perhaps these conditions indicate the method
by which the muscomorphan conditions arose. Certainly,
the separate conditions that exist in some Stratiomyidae
approach the basic conditions in the Muscomorpha more
closely than do the conditions in any other group that I
have examined.

. Tergite l0 atrophied dorsally, and with its lateral
parts adapted as a pair of hinged, clasper-like
surstyli (J. F. McAlpine, Ch. 2)

In the ground plans of both the Nematocera and
Brachycera, a well-developed tergite 10 follows tergite 9.

In the Nematocera, e.g. in the Trichoceridae. it may oc-

cur as a simple transverse strip; in other cases it may be

either divided medially, or fused with tergite 9, or atro-
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phied. In some nematocerous families, e.g. Ptychopter-
idae, Blephariceridae, Tipulidae, Mycetophilidac, and
Synneuridae, it may bear lateral processes called surstyli.
Similarly, tergite 10 varies in form in the orthorrhaphous
Brachycera. ln the Tabanoidea, for instance, either it
may be present as a free, transverse sclerite, or it may be
divided on the midline into two variously reduced scler-
ites, or it may be completely atrophied. Clasper-like
surstyli occur in some Xylomyidae, some Stratiomyidae,
some Asilidae, and in most E,mpididae and Dolichopodi-
dae. Their widespread occurrence in empidids and doli-
chopodids indicates that they are probably a ground-plan
feature of the Empidoidea. In the Muscomorpha the prcs-
ence of articulated surstyli is a basic feature of practically
all families, and this character is a well-recognized,
ground-plan feature of the infraorder. Absence of surstyli
in a few isolated taxa within the Muscomoroha is the re-
su lt ol secondary reduct ion.

Hennig (1916b) showed convincingly that the surstyli
of the Muscomorpha probably arose by the splitting of
tergite l0 (similar to the splitting of tergite 9 that occurs
in many Asiloidea and Empidoidea) into two parts, the
outer walls of which remain attached to the oosterolateral
margins of the epandrium (tergite 9) and the inner walls
of which join with sternite 10 (ventral epandrial plarc). In
this way the main elements of segments 9 and 10, together
with the proctiger are integrated into a uniform structure,
in which the clasping function formerly performed by the
gonopods and their gonostyli are now performcd, at least
in part, by the lateral margins of thc epandrium and the
surstyli. Loss of flexibility at the outer junctures of the
surstyli with the epandrium, and at their inner junctures
with sternite 10 are interpreted as secondary modihca-
tions. Similarities in the musculature of the Rhagionidae,
Empididae, and Muscomorpha led Hennig to two incs-
capable conclusions: first, that in the E,mpidoidea and
Muscomorpha the gonocoxites and hypandrium are fused
with each other; and second, that the assumptions by
Grillrths (1912) and others, that the muscomorphan
surstyli are homologous with the gonostyli (telomeres),
cannot be defended. The question of whether the splitting
of tergite l0 into two parts (and the development of these
parts as surstyli) belongs to the modified ground-plan
characteristics of a superordinate group that embraces
the Muscomorpha and one or more of these groups cannot
be ascertained without further research.

Possibly the presence of surstyli in the Xylomyidae and
its sister group, the Stratiomyidae, is a synapomorphy,
but if so, they must have been lost secondarily in virtually
all primitive Stratiomyidae (Chironomyzinae and Beridi-
inae). Probably the presence of surstyli is a synapomor-
phy of the Empididae and irs sister group the Dolicho-
podidae. Similarly, their occurrence in ccrtain primitive
clades of the Asilidae and in the ground plan of the Empi-
doidea is synapomorphic. But the possibility that the pres-
ence of surstyli in all these groups, including the Musco-
morpha, is the result of evolutionary parallelism or sven
homoplasy cannot be excluded. Nevertheless, it now
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seems clear that true surstyli are derived from tergite 10

throughout the Diptera, that they are more or less homol-
ogous in all the groups in which they occur, and that they
did not first arise in the Muscornorpha.

. Female with tergite I0 cctmbined with tergite 9 and
procti ger

Tergite l0 is separate from t,lrgite 9 in the ground plans
of both the Nematocera and Brachycera (J. F. McAlpine,
Ch. 2, Figs. 2.19,2.94), but usuLally the basal tergite of the
proctiger (tergite I 1) is incorporated with it or is other-
wise lost. Thus, the cerci give the appearance of being at-
tached directly to tergite 10. Commonly tergite l0 is di-
vided into two lateral hemitergites. These features are
cspecially apparent throughout the homoeodactyline se-
ries of the orthorrhaphous Brachycera (Xylophagidae,
Tabanoidea, and Stratiomyoidea) as illustrated by Na-
gatomi and lwata (191 6, 1978). In numerous mernbers of
the heterodactyline series of ttre orthorrhaphous Brachy-
cera (Asilidae, Mydidae, Apioceridae, Therevidae, Sce-
nopinidae, Bombyliidae, Emprididae, and Dolichopodi-
dae) tergite 10 is divided into two heavily spinose plates
(acanthophorites). In many, the modified plates are
united with tergite 9 (J. F. McAlpine, Ch. 2, Figs. 2.98,
2.102).

In the Muscomorpha tergite: 10 is always more or less
united with tergite 9; it may be divided as in the homoeo-
dactyline series of the orthorrtLaphous Brachycera, but it
is never modified as in the heterodactyline series. Leher
( 1971) indicated that the morphological conditions in the
Syrphidae permit some interesting generalizations about
the basic structure of the abdomen in the Muscomorpha,
which may well be so. However, he misinterpreted a sec-
ondary median sclerotization rlt the posterior margin of
sternite 8 as being sternite 9 and concluded wrongly that
the female genital opening in the Syrphidae (and by im-
plication in the Muscomorpha) lies between sternite 9 and
10. In fact it is immediatelv behind sternite 8 as is usual
throughout the order.

The occurrence oftergite 10 as heavily spinose plates in
the ground plan of the Empidoidea (Chvfla 1983,
wrongly interpreted by him as tergite 9) probably indi-
cates a relatively close cladistic relationship between the
Empidoidea and Asiloidea, bu1., unless it can be shown to
have been lost secondarily in thLe Muscomorpha, it speaks
rather definitely against a sister-group relationship
between the Empidoidea and Muscomorpha (Hennig
1973, p.218). I have been unable to establish which, if
any, of the conditions of tergite 1 0 occurring in the re-
maining orthorrhaphous Brachycera resemble most
closely those of the Muscomorpha.

. Cerci one-.tegmented, free.from each other

The female cerci are two-segmented in the ground
plans of the Nematocera and Brachycera, but commonly
they are independently reduced to a one-segmenl.ed con-
dition, especially in the orthorrhaphous Brachycera (see
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Nagatomi and Iwata 1916, \978). Consequently, from
this aspect at least, they can be of little use for establish-
ing the ancestry of the Muscomorpha.

Monophyly of the Muscomorpha

The monophyly of the Muscomorpha is one of thc best
substantiated and most universally accepted assumptions
in the phylogeny of the Diptera. This assumption is based
on the fact that its ground plan includes numerous autap-
omorphic characters that set it apart from its sister group
(see "Autapomorphic characters"). lt is noteworthy that
these characters occur in the larvae, the pupae, and in
both sexes of the adults. Moreover. most are distinctive
and appear regularly in both main subdivisions of the
Muscomorpha.

Ancestral sister group of the Muscomorpha

The infraorder Muscomorpha falls readily into the sub-
order Brachycera. It follows that its immediate ancestor
would also be a member of the Brachycera. But, because
the Muscomorpha is such a discrete and easily defrnable
clade, it is certain that there is a relatively broad evolu-
tionary gap between it and its nearest existing relatives.
Fully intermediate forms probably no longer exist.

The oldest lossil reprcsentativc is an unnamcd fly from
a Lower Cretaceous (Neokom) deposit in Lebanon (Hen-
nig 1 97 I b). This fossil consists of a head and fragments of
one leg preserved in amber. Hennig assigned it with cer-
tainty to the Muscomorpha, but was unable to place it any
more precisely within the inlraorder. Four other fossil
species from Cretaceous formations in western Canada
have been named, described, and assigned to modern lam-
ilies within the Muscomorpha, i.e. Cretonomyia pristina
McAlpine (1973) (Aschiza: lronomyiidae), Sciadophora
bostoni and Prioriphora canadambra McAlpine & Mar-
tin (1966) (Aschiza: Sciadoceridae), and Cretaphormia
fowleri McAlpine (1970) (Schizophora: Calliphoridae).
These fossils are late Cretaceous in age (10 13 million
years old), but none reveals anything more about the mus-
comorphan archetype than do extant members of the
same families. They simply establish that within the Mus-
comorpha both the Aschiza and Schizophora were al-
ready well differentiated by late Cretaceous times. Conse-
quently, the only means for ascertaining the primitive
sister group of the Muscomorpha is by comparing its tax-
onomic characters with homologous characters in reprc-
sentatives of the orthorrhaphous Brachycera.

As already indicated, the best clues about the primitive
ancestor of the Muscomoroha are those characters that
are plesiomorphic within the infraorder, but which are, at
the same time, apomorphic with respect to the ground
plan of the Brachycera (see 28 apomorphic characters
already discussed). In reviewing these characters it is

striking that in so many cases the conditions most similar
to those in the Muscomorpha are found in the Stratiomy-
oidea (Stratiomyomorpha of Woodley, Ch. 115), a group
which, like the Muscomorpha, has long been considered a

I l6 NEARCTTC DIPTERA

specialized offshoot of the brachyceran stock (Oidroyd
1964, M. J. Roberts 1969a). Perhaps the following 12

characters are the most significant apomorphic conditions
shared by these two clades:

l. Larvae saprophagous feeding on particles, such as

bacteria, yeasts, algae, and fungi;

2. Larval mouthparts adapted for filter feeding;

3. Larvae with a well-developed internal pharyngeal
filter:

4. Larval maxillae lost:

5. Larvae with anterior arms of tentorium fused with
cibaropharyngeal walls;

6. Pupation occurring within a puparium formed from
the last larval skin:

1 . Imagines with a well-developed occipital sclerite;

8. Apex of pedicel notched, and with a cone-shaped
condyle deeply inserted into base of first
flagellomere;

9. Flagellum consisting of a composite first flagello-
mere and a three-articled arista;

10. C ending at M;

I l. Mid coxal prong present (also shared with some
Tabanidae); and

12. Male with ejaculatory apodeme free from aedeagus
and body wall.

In these 12 characters and many of the others dis-
cussed, one is faced with deciding whether their similari-
ties in the Stratiomyoidea and the Muscomorpha result
from propinquity of descent or from independent evolu-
tion, i.e. whether they represent synapomorphies or con-
vergences. This problem is especially perplexing with re-
spect to characters 8, 9, 11, and 12, because the
nlesiomorohic conditions of all three obtain in the more
primitive clades of the Stratiomyoidea. lf it is assumed
that they are synapomorphies of the Muscomorpha and
Stratiomyoidea, only two cladistic possibilities can be

hypothesized; either the Muscomorpha arose from within
the Stratiomyoidea, or the Muscomorpha and Stratiomy-
oidea arose from a common ancestor in which these char-
acters occurred in a weakly developed or potential state.
In subsequent independent clades either they became in-
tensified and consolidated as in the more specialized Stra-
tiomyidae and in all Muscomorpha, or they reverted to
the more plesiomorphic conditions as in the primitive
Stratiomyoidea.

I reject the first possibility because the Muscomorpha
do not belong to the Stratiomyoidea any more than do
those Tabanidae that possess a mid coxal prong. I agree
with Hinton (1946, p. 301) that such similarities between
the specialized Stratiomyidae and the Muscomorpha
must have been attained through parallel or convergent
evolution after thev separated from a common ancestor.
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As indicated in the discussion of the mid coxal prong,
however, it is difficult to accept that such peculiar modi-
fications would evolve by completely independent
processes in completely unrelated systems. lf each char-
acter is considered separately, it is perhaps easy to attri-
bute certain similarities shown by both groups, e.g. C end-
ing at M, to evolutionary convergence. But when all these
peculiarities, which do in fact occur together, are consid-
ered together, the possibility that they evolved completely
spontaneously appears less likely. In my opinion, they are
probably indicators of true cladistic relationship.

On this basis it seems reasonable to assume that the
original ancestor of the Muscomorpha was a stratiomyid-
like brachyceran rather than a tabanoid, nemestrinoid,
asiloid, or empidoid type. There is little or no convincing
evidence that the Muscomorpha is more closely related to
any or all of the Asilomorpha than to the stem that gave
rise to the Stratiomyoidea * Tabanoidea. All the ev-
idence I have been able to find indicates that the ancestry
of the Muscomorpha bypasses the Asilomorpha and
traces farther back in the cladistics of the orthorrhaohous
Brachycera. It seems inescapably clear that there are
more significant similarities between the Muscomorpha
and Stratiomyoidea than there are between the Musco-
morpha and any other out-group. Again, this is not to say
that the Stratiomyoidea (or any of its subgroups), as
known today, is the sister group of the Muscomorpha, but
simply to indicate that the ancestor of the Muscomorpha
was probably fairly similar to the ancestor that gave rise
to the Stratiomyoidea.

As stated previously, no form is known that embodies
all the characters necessary to qualify as the immediate
ancestor of the Muscomorpha, but it seems probable that
such a form did exist in late Jurassic or early Cretaceous
times, and that it arose from a stem that also gave rise to
the Stratiomyoidea. It differed from that stem and all
other orthorrhaphous Brachycera by possessing at least
28 conditions already discussed under "Autapomorphic
characters."

SUBORDINATE GROUPS OF THE MUSCOMORPHA:
ASCHIZA AND SCHIZOPHORA

Muscomorpha is composed of two easily definable but
somewhat unequal subgroups or sections: the Schiz-
ophora, (Becher 1882) (: Myodaria Robineau-Desvoidy
(1830), Muscoidea of authors), a large taxon whose
monophyly is readily established; and the Aschiza
(Becher 1882), a smaller possibly paraphyletic taxon
(Griffiths 1972), which nevertheless is usually accorded
equal rank with the Schizophora. ln adopting this tradi-
tional classification of the Muscomoroha. a oroblem is
encountered that recurs in all the main calesorics ol rhe
Diptera. The common problem is to establis-h the mono-
phyly ofthe older, more generalized subgroup. In the sub-
order Brachycera, the orthorrhaphous Brachycera, as
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opposed to the Muscomorpha, presents the same problem;
and in the order Diptera, the same situation exists in the
Nematocera as opposed to the Brachycera. In each case,
the older subgroup is foundecl mainly on plesiomorphic
(diagnostic) rather than apomorphic (constitutive) char-
acters. Until autapomorphies are demonstrated for such
groups, we cannot dismiss thr: possibility that they are
paraphylectic taxa. At the same time, however, the possi-
bility remains that they are, in fact, monophyletic groups,
for which proof of their monophyly has not yet been
advanced.

Griffiths (1912), following de Meijere (1900b) and
Hennig (1952,1954), divided lhe Muscomorpha into two
sister groups, the Acroptera (Brauer 1883) ( : Anatriata,
de Meijere 1900b) containing only the Lonchopteridae,
and the Atriata (de Meijere 1900b) containing the re-
mainder. He rejected the Aschiza as "a residual para-
phyletic assemblage" and adm,rnished that "such a group
has no place in a phylogeneti,; classification." I am not
fully convinced on these points and feel that the question
of the monophyly of the Aschi;za should be reexamined. I
agree with Holmes' (1980) vir;w that the recognition of
certain readily recognizable rlnd easily definable sub-
groups is sometimes useful and acceptable, even though
such groups may not be clearly demonstrated to be mono-
phyletic. Perhaps Aschiza is sur;h a group. The main char-
acteristics of both groups are compared in Table 116.1.
Those conditions that are believed to be plesiornorphic
with respect to the ground plan of the Muscomorpha are
marked P, and those that are ibelieved to be apomorphic
are marked A.

The best starting point for establishing the polarities of
the ground-plan character st;Ltes of both Aschiza and
Schizophora is Hennig's (1958) study. In that study and
in his later works on the same subject (Hennig 191 1a;
1913; 1976a,b) he synthesize<l and updated data from
earlier works by himself and others such as de Meijere
(1900b, 1904), Hendel (1916, 1922-1923), Frey (1921),
Malloch (1933b, 1948), and Crampton (1942). Single-
handedly, Hennig advanced our knowledge on the evolu-
tion of these groups more thrln anyone else. Griltrths'
(1912) classification of the Muscomorpha, based mainly
on characters of the male terminalia, is also a goo<1 source
for much comparative data.

The comparative list of giround-plan characters of
Aschiza and Schizophora (Table 116.1) was compiled
from the works mentioned and l'rom our own studies (J. F.
McAlpine 1981a,b; Teskey l911la,b).It is a selected list
and contains those features that seem most useful for dis-
cussions on the evolution of the subordinate groups of
each main section of the Muscomorpha. Some 31 apo-
morphies shown in the ground plan of the Schizophora
prove beyond reasonable doubt that it is a monophyletic
taxon. The problem of ascertaining apomorphies for the
Aschiza and establishing its monophyly is more diftrcult
(see "Monophyly of the Aschiza").
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Table 116.1
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Comparison of character states in ground plans of Aschiza and Schizophora

Character statel Aschiza Schizophora

Larva with (P), without (A) median labial tooth
Larval mandibles short and blunt (P), long and falciform (A)
Hypopharyngeal sclerite free from (P), fused with (A) tentopharyngeal sclerite
Openings of anterior larval spiracle sessile (P), at ends of projecting papillae (A)
Puparium thin walled and lightly tanned (P), thick walled and heavily tanned (A)
Puparium with (P), without (A) a middorsal cleavage line
Puparium with two (P), with one (A) transverse dorsal cleavage line(s)
Puparium without (P), with (A) horizontal cleavage Iine on each side extending to

abdominal segment I

Prothoracic pupal respiratory horn small (P), large (A)
Prothoracic pupal respiratory horn penetrating (P), not penetrating (A) puparium in

abdominal tergite I

Adult body relatively hairy (P), nearly bare (A)
Bristles of adult head, thorax, and abdomen not or wcakly differentiated (P), strong (A)
Feathered bristles present (P), absent (A)
Male cyes holoptic (P), dichoptic (A)
Ptilinum absent (P), present (A)
Ptilinal fissure absent (P), present (A)
Lunule absent (P); present little exposed, weakly setulose (Srrickland 1953) (A)
Frons uniformly sclerotized (P), with desclerotized frontal vitta (A)
Fronto-orbital plates undifferentiated (P), differentiated (A)
Ocellar plate not or weakly differentiated (P), strongly differentiated (A)
Median occipital plate with (P), without (A) distinct rcinforcement ridges
Outer vertical bristles absent (P), present (A)
Inner vertical bristles absent (P), present (A)
Fronto-orbital bristles undifferentiated (P), with four reclinate fronto-orbital bristtes (A)
Proclinate orbital bristles absent (P), present (A)
Frontal bristles undifferentiated (P), differentiated (A)
Frontal vitta setulose (P), bare (A)
Interfrontal bristles undifferentiated (P), differentiated (A)
Ocellar bristles undifferentiated (P), differentiated (A)
Divergent postocellar bristles undifferentiated (P), differentiated (A)
Convergcnt postocellar bristles undifferentiated (P), differentiatcd (A)
Postoccipital bristles weak (P), strong (A)
Scape, pedicel, and flagellum setose (P), at least flagellum bare (A)
Pedicel without (P), with (A) a dorsolateral notch
Apex of pedicel deeply inscrted (P), not dccply inserted (A) into base of lirst flagellomere
First flagellomere not decumbent (P), decumbent or nodding (A)
Arista arising dorso-apically (P), apically or dorsobasally (A)
Arista shortly pubcscent (P), plumose or bare (A)
Face evenly sclerotized and convex (P), desclerotized in middle or carinate (A)
Vibrissa undifferentiated (P), differentiated (A)
Clypeus rclatively small (P), large (A)
Hyoid sclcrite weak or absent (P), strongly developed (A)
Pseudotrachea opening directly into external mouth opening (P), opening into one or two

main trunks (A)
Prestomal teeth absent (P), present (A)
Scutum with transverse suture incomplete (P), complete (A)
Scutum with acrostichal, dorsocentral supra-alar and postalar series of bristles not or

weakll' differentiated (P), strongly differentiated (A)
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(continued)
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Table ll6.l Comparison of character states in ground plans of Aschiza and Schizophora (conclutlecl)

-

Character stater Aschiza Schizophora

Scutellar bristles weak or absent (P), with two pairs of scutellar bristles (A)
Postpronotal bristles absent (P), present (A)
Notopleural bristles wcak, scattered, (P); strong, arranged I I (A)
All pleural sclerites haircd (P), bare (A)
Main plcural sclerites without bristlcs (P), with bristles (A)
Greatcr ampulla undeveloped (P), developed (A)
Coxopleural strcak present (P), absent (A)
Prccoxal bridge absent (P), prcsent (A)
Prosternum haired (P), bare (A)
Melasternal area haired (P), bare (A)
Costal breaks absent (P), present (A)
Sc complete (P), abbreviated (A)
M,*, forked (P), unforked (A)
A, reaching wing margin (P), abbreviated (A)
Pterostigma present (P), absent (A)
Ccll dm present, long (P); short or absent (A)
Cell cup present, long (P); short or absent (A)
Crossvein sc-r present (P), absent (A)
Anal angle well developed (P), reduced (A)
Alula well developed (P), reduced (A)
Lower calypter moderately developed (P), linear or very broad (A)
Tibial bristles weak or absent (P), strongly differentiated (A)
Tarsomere I oi hind tarsus simplc (P), swollen or cnlarged (A)
Abdominal bristles u'eak or absent (P), strong (A)
Abdominal tergites I 8 of both sexes haired (p), at lcast partly bare (A)
Abdominal sternites l-7 of male and I ll of female haired (p), at least partly barc (A)
Abdomen with 7 spiracles in both sexes (P), less than 7 (A)
Abdominal spiracles in membrane (P), in tergites (A)
Male with abdominal sternite 5 unmodified (p), modified (A)
Tergite and sternite of segment 6 relatively large, symmetrical, and free (p); relatively

reduced, asymmetrical, and partially fused in left sidc (A)
Tcrgite 7 free from segment 8 (P), partially fused in left side with segmcnt g (A)
Sternite 8 large, setulose (P); small, bare (A)
Gonostylus evidcnt (P), atrophied or indistinct from gonocoxite (A)
Paramere small, feeble (P); large, strongly sclerotized (A)
Aedeagus simple, one-segmented (P); specialized (A)
Basiphallus without (P), with cpiphallus (A)
Aedeagal apodeme rod-like (cuneiform), mostly free from hypandrium (p); fultelliform,

extensively fused with hypandrium (A)
Sternite l0 plate-like, undivided (P)l divided in middle (A)
Surstyli present, movable (P); absent or fused with epandrium (A)
Surstyli loosely linked (P), ciosely linked (A) with cerci
Cerci membranous and free (P), sclerotized and fused (A)
Female with terminalia flexible, tubular (p): rigid, piercing-type (A)
7th tergite and sternite iree (P), fused at sides (A)
7th tergite and sternire undivided (p), divided (A)
Cerci membranous, free (P); sclerotizcd, fused (A)
Three sclerotized spermathecae (P), less than or more than three spermathecae (A)
Three spermathecal ducts opening independently into genital chamber (p); one or more

spermathecal ducts fuscd, with two or one opcning(s) into genital chamber (A)

P
P

P
P
P

P
P
P
P
P
P
P
P

P
P
P
P
P
P
P
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P
P
P
P
P
P
P
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P
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P
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P
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P
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P

P

P
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P

P

P
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P
P

P
P
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P

P

P

P

P

P
P

P

P
A
P
A
P
D

P

P
P
P
P

P
P

P
P
P
P

' P: plesiomorphic; A: apomorphic.
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SUBORDINATE GROUPS OF THE ASCHIZA

Aschiza consists of seven distinctive families: Platype-
zidae (including Opetia and Melanderomyia), Lonchop-
teridae, Ironomyiidae, Sciadoceridae, Phoridae (includ-
ing Termitoxeniinae), Syrphidae, and Pipunculidae.
Together these families are easily distinguished from the
remainder of the Muscomorpha, i.e. the Schizophora, by
the absence of a well-developed ptilinum, a ptilinal su-
ture, and a lunule. But, because these three negative fea-
tures are plesiomorphic characters, they provide no assur-
ance that the Aschiza is monophyletic. The separate
conditions of the male tergite 7 and sternite 7 in the
ground plan of the Aschiza (as opposed to fused in the
ground plan of the Schizophora) (Hennig 1916b, p. 5) is

in the same category.

One step toward resolving this problem is first to deter-
mine the monophyletic subgroups within the Aschiza and
then to see whether they share any apomorphic ground-
plan conditions. Hennig (1916b), who studied the evolu-
tionary aspects of the question in greater depth than any-
one else, recognized six, as follows: Lonchopteridae
(Acroptera, Anatria, Anatriata); Ironomyiidae; Sciado-
ceridae + Phoridae; Opetia (: Melanderomyia?);
Platypezidae (including Microsania Zetterstedt); and
Syrphidae + Pipunculidae (Syrphoidea). In my view
there are only two main monophyletic subgroups, the su-

perfamilies Platypezoidea and Syrphoidea (Fig. I 16.1 ).

Superfami ly Platypezoidea

One synapomorphic character of the five families
(Platypezidae, Lonchopteridae, Ironomyiidae, Sciadocer-
idae, and Phoridae) comprising the Platypezoidea is the
strongly bristled condition of the frons, including erect
ocellar bristles. Another is the number and arrangement
of the notopleural bristles. In the platypezoid ground plan
about five such bristles are arranged in several irregular
rows. (There are probably two notopleurals, an anterior
one, and a posterior one, in the ground plan of the Musco-
morpha including the Aschiza.) An additional synapo-
morphic character of the members of the Platypezoidea is

the absence of crossvein sc-r.

Platypezidae. An autapomorphic character of the
Platypezidae (Kessel, Ch. 50) (including Opetia and Me'
landeromyia) is the reduced, prothoracic, pupal spiracu-
lar horns (de Meijere 1900c, Kessel et al. 1973), which
are strongly deveioped in the remainder of the Aschiza.
The absence of a fiiter apparatus in the pharynx of the
larva (Hennig 1916b), if true, is an outstanding autapo-
morphic feature. Possibly the very weakly developed,
rather pad-like empodia on all tarsi of Platypezidae is an
apomorphic condition, but it can also be argued that this
condition reflects the primitive pulvilliform state.

Another possibly autapomorphic feature of the
Platypezidae is the way by which the scape and pedicel fit
together. The apex of pedicel is never deeply inserted into
base of first flagellomere in this family (or in the Lon-
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chopteridae). Because a deeply inserted condition occurs

in some Stratiomyidae, I have assumed that this condition
is a ground-plan feature of the Muscomorpha, including
the Aschiza, and that the condition in the Platypezidae, in
which the apex of the pedicel is not deeply inserted into
the flagellum, is an apomorphic condition. More study is
required to resolve this matter. Males of many Platype-
zidae do not have an ejaculatory apodeme, which is cer-
tainly an apomorphic condition, but it is present in at least

two genera, Opetia and Platypezina (Hennig l9l6b).
Previously (J. F. McAlpine l981a,b), I believed that the
mid coxal prong was absent (lost secondarily) in all
Platypezidae, but subsequent investigations showed that
it is present in some genera, e.g. Opetia, Melanderomyia,
and Grossosera. Similarly, the expansion of the hind tarsi
in the males, which Henni g (1916b) employed as an apo-

morphic character of the Platypezidae, applies to a por-
tion, only, of the family (absent in Opetia and Melandero-
myia).I agree with Hennig (1916b) that Platypezidae is

in some ways the most generalized family of the Platype-
zoidea (Fig. I 16.1).

A synapomorphic character of the Lonchopteridae,
lronomyiidae, Sciadoceridae, and Phoridae is the loss of
the holoptic condition in males. Although the frons is nar-
rower in the male than in the female in lronomyiidae and

some Phoridae, the males are distinctly dichoptic as op-
posed to being truly holoptic as are males in the ground
plan of the Muscomorpha, including the Aschiza.

Synapomorphic features of the Ironomyiidae, Sciado-
ceridae, and Phoridae are: fusion of Sc with R,, and fu-

sion and consolidation of syntergosternite 7 + 8 in the
males (tergiteT free in ground plan of the Muscomorpha'
including the Aschiza).

Synapomorphic characters of the Sciadoceridae and

Phoridae include many peculiarities of the wing venation
(Hennig 1954, p.361; J. F. McAlpine and Martin 1966),

the reduced size and bare condition of the antennal scape

and pedicel, and the formation of a precoxal bridge'

Lonchopteridae. Autapomorphic characters of the
Lonchopteridae (Peterson, Ch. 49) include: absence of a

tracheal air sac in the abdomen (Faucheux 1911);

absence of empodia on all tarsi; peculiar, pointed wings;
setose wing veins; C secondarily thickened on hind margin
of wing; base of M atrophied; crossvein dm-cu elongate
and longitudinally aligned; A, sexually dimorphic; scape

and first flagellomere nonsetose; first flagellomere very

short and globose; male tergites 6 and 7 fused; and
surstyli reduced.

Ironomyiidae. The peculiar, tongue-like, extensions

of the antennal scape into both sides of the base of the first
flagellomere of Ironomyiidae (J. F. McAtpine 1961'
1973) is a distinctive autapomorphic character of this
family.

Sciadoceridae. One autapomorphic character of the
Sciadoceridae is the tiny size of cell dm' Another apomor-
phy is the absence of empodia on all tarsi (as in Lonchop-
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teridae). Also, the form of the antennal pedicel is unique
(Hennig 1916b).

Phoridae. In Phoridae (Peterson, Ch. 5i) the rela-
tively greater reduction of the wing venation, in particular
the loss of cell dm and the base of M, and the peculiar
alignment of the veins are autapomorphic characters. The
apparent absence of a sperm pump and ejaculatory apo-
derne in maies (Hennig 1916b), and the absence of sclero-
tized spermathecae in females, may be additional
autapomorphies.

Superfamily Syrphoidea

Syrphoidea contains two easily recognized families,
Syrphidae and Pipunculidae. Autapomorphic characters
of the Syrphoidea include the following: puparium more
or less globose and with peculiar operculum and cleavage
lines; and wing with apices of veins Ro* s and M, joined or
neany so.

Syrphidae. The most evident and best known autapo-
morphic character of the Syrphidae (Vockeroth and
Thompson, Ch. 52) is the spurious vein. An additional
autapomorphic feature of this family is that thc modifi-
cation of the terminal abdominal segments of the male
begins on segment 5 instead of on segment 6. The Syrph-
idae are more generalized in their ground plan than the
Pipunculidae on the basis of characters of wing venation
(crossvein sc-r present), adult morphology, and biology.

Pipunculidae. Autapomorphic features of the Pipun-
culidae (Hardy, Ch. 53) include the enlarged compound
eyes and narrowed fronto-facial area in both sexes, the
reduction of the larval instars to two (Jervis 1980) (three
in ground plan of Muscomorpha, including the Aschiza),
and the parasitic mode of life.

Monophyly of the Aschiza

On balance, the Platypezoidea is perhaps more general-
ized than the Syrphoidea. Ground-plan characters of the
Platypezoidea that are more plesiotypic than those of the
Syrphoidea include the following: puparium more elon-
gate, softer, less convex, and with H-shaped cleavage
lines, and so on; antennal scape, pedicel, and lirst flagel-
lomere setose; and male with tergite and sternite of ab-
dominal segment 7 more complete and more freely sepa-
rated from each other and from segment 8. Characters of
the Syrphoidea that are more plesiotypic than those in the
Platypezoidea are the absence of conspicuous bristles on
the frons and the presence of crossvein sc-r.

The question of proving the monophyly of the Aschiza
by showing a synapomorphy between the Platypezoidea
and the Syrphoidea remains. Perhaps the most convincing
synapomorphy between the Platypezoidea and the
Syrphoidea (autapomorphy of the Aschiza) is the fused
condition of the hypopharyngeal and tentoropharyngeai
sclerites in the larvae of both clades (Teskey, Ch. 3). The
H-shaped hypopharyngeal sclerite of the Muscomorpha is
probably mainly derived from the hypopharynx and the
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labium, and the tentoropharyngeal sclerite is probably
derived mainly from the tentorial phragmata (Teskey,
Ch.3). lt also seems probable that the anterior line of
weakening (articulation) between the hypopharyngeal
sclerite and the mandible and the posterior line of weak-
ening between the hypopharyngeal sclerite and the tento-
pharyngeal sclerite, both of which are evident in all three
larval instars of most Schizophora, reflect the ground-
plan condition of the infraorder as a whole. If so, the sol-

idly fused condition of the hypopharyngeal and tentoro-
pharyngeal sclerite that occurs throughout the Aschiza is
an autapomorphic ground-plan condition ol the group.
Similar but independently evolved conditions also occur
sporadically in certain highly adapted members of the
Schizophora, e.g. the Chamaemyiidae and some Agro-
myzidae. Another probably synapomorphic character re-
lates to the prothoracic, pupal respiratory horns. These
processes are unusually large in all families of the
Aschiza, except the Platypezidae in which they appear
reduced. Therefore the relatively strong development of
these structures is assumed to be an apomorphic ground-
plan character of the Aschiza. If these assumptions are
correct they indicate that the Aschiza is, in fact, a mono-
phylectic taxon (Fig. 1 16. I ).

One consequence of this interpretation of the Aschiza is

that the Lonchopteridae probably should be ranked as

something less than a superfamily. Unfortunately, neither
this aspect nor the more generalized condition of the
Platypezidae is reflected in the table of classification pre-
sented in Volume I of this Manual.

SUBORDINATE GROUPS OF THE SCHIZOPHORA:
ACALYPTRATAE AND CALYPTRATAE

Traditionally the Schizophora was divided into three
groups: the Acalyptratae Macquart (1835, p. 55, 354)

[: Holometopa Brauer (1880), : Haplostomata Frey
(1921)l; the Calyptratae Robineau-Desvoidy (1830,
p. 20,22) [:Schizometopa Brauer (1880), Thecosto-
mata Frey (1921)l; and the Hippoboscoidea Samouelle
( I 819) [ : Pupipara Becher ( I 882)]. The name Calyp-
tratae (as Calypteratae) was first proposed by Robineau-
Desvoidy (not Girschner 1893) for the first "gens" of his
Myodaria ( : Schizophora) and refers to the large calyp-
teres that normally occur in such families as Calliphori-
dae, Muscidae, and Tachinidae. The name Acalyptratae
(as Acalypterae) was first proposed by Macquart (not
Girschner I893) ior Robineau-Desvoidy's second "gens,"
the Mesomydae and seven other superfamilies, all of
which have the lower calypter more or less reduced.
Becher proposed the name Pupipara for the Hippoboscoi-
dea, because the larvae of the component families are led
within the female abdomen by means of modified appen-
dicular "milk glands" until they are ready to pupate (ad-
enotrophic pupipary). lt is now generally accepted that
this last group is a subgroup of the Calyptratae (Hennig
t 94 l. 1 9 52, 1965 a, 197 la, I 973; Griflrths 197 2).
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Both the Acalyptratae and Caiyptratae have been re-
tained as subsections of the Schizophora bv most dioter-
ists. but it has long been recognized that ihe size oi rhe
lower calypter is too variable in both groups to serve as the
main criterion for defining either of them. Consequently
many workers have attempted to improve the classihca-
tion of the Schizophora by employing other characters.
For example, Schiner (1864) combined characters used
by earlier authors and newly employed characters of the
mouthparts and wing venation. Brauer ( I 880) and Becher
(1882) used schirzometopy (frons desclerotized in vicinity
of frontal vitta, leaving frontal plates continuous with the
orbital plates a.nd the parafacials) and holometopy
(desclerotized area of frons extending laterallv to eve
margin. largely obl i terat i ng rhe lronra | 

"plates 
). C irschner

(1893) recognized the presence and absence of a presu-
tural intra-alar ( : posthumeral) bristle and a postsutural
intra-alar bristle. Malloch (1919) wenr further with the
presence and absence ofa dorsolateral seam on the anten-
nal pedicel and the position of the abdominal spiracles
inside or outside the lateral margins of the tergites. Frey
( I 92 1 ) incorporated the presence or absence of the hyoid
sclerite and other characters of the mouthoarts: Hendel's
( 1928 ) synthesis was of many previously used characters
of immatures arrd adults. Townsend (1935) employed
many characters in a typic-atypic, sliding-scale system of
classification; Crampton (1944a,b) studied male termina-
lia of adults, andl Hennig (1952) detailed the immarure
stages. Hennig's (1958) crowning attempr to divide the
Schizophora into monophyletic superfamilies on the basis
of a large number of characters is certainly the best syn-
thesis of all previous analyses, and it has become the main
starting point for subsequent improvements by himself
and others.

The Calyptratae (including the Hippoboscoidea) is one
of the best established monophyletic subsections of the
Schizophora (Roback 1951; Hennig 1958, 1965; Griffrths
1972), but the monophyly of the Acalyprratae has never
been satisfactorily established. Hennig (1958) showed
that both holometopy, the basis for Brauer's Holometopa
( : Acalyptratae'), and schizometopy, the basis for Brau-
er's Schizometopa ( : Calyptratae), arose independently
several times and in various ways within the Schizophora;
therefore, these conditions do not prove the monophyly of
either group. Likewise, the absence or presence ofa hyoid
sclerite, the basis of Frey's Haplostomata ( : Acalyp-
tratae) and Thecostomata ( : Calyptratae) do not prove
the monophyly ofeither group because a hyoid sclerite is
present in primitive members of both subsections (J. F.
McAlpine 1962). Enderlein ( 1936), probably based
largely on Brauer's (1890) and Hendel's (1928) work.
proposed that Archischiza (Conopidae) is the sisrer group
of the remainder of the Schizophora (Muscaria). But
Hennig (1952) showed that this family must be included
in the Acalyptratire and indicated that its closest relatives
are in the Tephritoidea. In spite of these remarks, Hennig
retained the name Archischiza in two later works (Hen-
nig 1958, 1966b). but he abandoned it in his mosr recent
treatments (Hennig l9lta, 1973). Griffiths (19l-2)
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placed it as a separate family in his "prefamily" Tephri-
toinea. I agree with both Hennig and Griffiths that the
Conopidae cannot be the sister group of the remainder of
the Schizophora.

Hennig (197 1a) addressed the question of monophyly
of the Acalyptratae and conc.luded that "a sister-group
relationship between the Acalyptratae and the Calyp-
tratae cannot yet be excluded." At the same time,
Griffiths (1912) dismissed the Acalyprratae as a residual
paraphyletic group and considered it to be unsatislactory
both from the cladistic standpoint and for purposes of
identification.

In my opinion the Acalyptratae, including the Conop-
idae, is a monophyletic taxon a:nd is the sister group of the
Calyptratae, including the Hiprpoboscoidea. A lisr of im-
portant ground-plan characters of both the Acalyptratae
and Calyptratae is presented in Table I16.2. Those that
are considered clearly apomorphic in relation to the
ground plan of Schizophora are marked with the letter A,
and those that are plesiomorphic are marked with the let-
ter P. From a practical standpoint, most Acalyptratae are
readily distinguished from members of the Calyptratae
and vice versa (see J. F. Mcr\lpine, Ch. 4). Therefore
both taxons are useful for identification. Justifications for
considering that both groups ar,; monophyletic follow.

GROUND-PLAN CHARACTERS AND MONOPHYLY
OF THE ACALYPTRATAE

Most characters that distinguish the Acalyptratae from
the Calyptratae (Table I16.2) are relatively unchansed
conditions retained from the ground plan oi the Sch-iz-
ophora (Table I I 6. I ), and the absence of specialized con-
ditions that evolved in the Calyptratae. Although most
acalyptrate characters are apomorphic in relation to the
ground plan of the Muscomorpha, they are plesiornorphic
in relation to the ground plan of the Schizophora. The
characters that I consider to be the most important
ground-plan characters, which probably occurred in the
original acalyptrate fly, are lirsted in Table 116.2. The
only way of knowing of the pre,sence and nature of these
characters is by deductive rreasoning based on our
knowledge of existing (extinct as well as extant) forms.
Those that are marked with A are considered to be autaD-
omorphic for the Acalyptratae eLs a whole.

We are fortunate in having many unusually well-pre-
served fossil representatives of Acalyptratae in Baltic
amber (Oligocene). Hennig (1966b, 1961 b, 1969b, t9i tc,
1972a) treated all the specimens that he could assemble
( 1 18 specimens representing 29 families), which included
revision of material described b.y earlier authors as well as
new materiai available in Eurotrlean and North American
institutions (Larsson 1978). Thase fossils revealed little if
anything more about the ancestor of the Acalyptratae
than do living members of the same families. They simply
establish that, within the Schizophora, the families thev
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Tablc 116.2
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Comparison of character states in ground plans of Acalyptratae and Calyptratae

Character state' Acalyptratae Calyptratae

Egg with annular (P), longitudinal dorsal (A) hatching seam (Hcnnig 1973,
p 97)

Larva with (P), without (A) filter apparatus for particlc feeding
Larva with mandibles separate (P), fused (A)
Larva with (P), without (A) parastomal bars
Dorsal cornua of larva with (P), without (A) a window
Puparium tapered anteriorly with flattened opercular area (P), hemisphcrical on

both ends (A)
Prothoracic pupal respiratory horn penetrating (P), not or weakly penetrating

(A) puparium
Adult male head holoptic (P), dichoptic (A)
Dorsolateral emargination of pedicel notch-like (P), seam-like (A)
Arista arising dorsoapically (P), dorsobasally (A)
Aristal pubescence relatively short (P), long (A)
First flagellomere porrect (P), decumbent (A)
Orbital plate extending far forward (P); reduced, replaced anteriorly by frontal

plate (A)
Reclinate orbital bristles numbering 4 (P), 2 or less (A)
Inclinate frontal bristles numbering 3 or more (P),2 to none (A)
Frontal bristles arising laterally to (P), medially to (A) orbitals
Proclinate orbital undeveloped (P), well developed (A)
Frontal bristles weak, somewhat reclinate. (P); strong, inclinate (A)
Postocellar bristles divergent (P), convergcnt (A)
Inner vertical bristles strong (P), ueak or absent (A)
Outer vertical bristles strong (P), weak or absent (A)
Ocelli well developed (P), weak or absent (A)
Ocellar bristles strong, proclinate (P); reclinate, weak or absent (A)
Frontal vitta uniformly membranous (P), partly to entirely sclerotized (A)
Frontal vitta bare to weakly setulose (P), strongly setulose (A)
Lunule small, narrowly exposed (P); large and widely exposed (A)
Lunule wcakly setulose (P), bare or strongly setulose (A) (Strickland 1953,

p. 265)
Ptilinal scales extending onto face (P), onto frons (A) (Strickland 1953)
Buccal bladder strongly armed (P), weakly armed (A) (Stricktand 1953)
Face uniformly sclerotized (P), membranized along midline (A)
Parafacial medium wide (P), very wide or very narrow (A)
Cheek medium wide (P), very wide or very narrow (A)
Postclypeus present (P), absent (A)
Clypeus medium-sized (P), enlarged or reduced (A)
Vibrissa undeveloped (P), developed (A)
Hyoid sclerite weak or absent (P), well developed (A)
Prestomal teeth absent (P), present (A)
Transverse suture incomplete (P), complete (A)
Coxopleural streak present (P), absent (A)
Greater ampulla weak or absent (P), well developed (A)
Precoxal bridge undeveloped (P), developed (A)
Prosternum bare (A), haired (P)
Metasternal area haired (P), bare (A)
Postpronotal bristles, one (P); none or several (A)
Notopleural bristles, two (P); more than or less than two (A)
Postsutural supra-alar bristle(s) present (P), abscnt (A)
Presutural supra-alar bristle(s) present (P), absent (A)
Postsutural intra-alar bristle(s) present (P), absent (A)
Presutural intra-alar bristle(s) present (P), absent (A)
Postsutural dorsocentral bristle(s) present (P'l), absent (A?)
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P
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P
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P
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P
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P

P

P
A
A
P
P
P
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Tablc 1 l6.2 Comparison of character states in ground plans of Acalyptratae and Calyptratae (conttinued)

142',7

Character state' Acalyptratae Calyptratae

Presutural dorsocentral bristle(s) present (P), absent (A)
Postsutural acrostichal bristle(s) present (P), absent (A)
Presutural acrostichal bristles present (A), absent (P)
Scutellar bristles, two pairs (P); more or less than two pairs (A)
Lower surface of scutellum haired (P), bare (A)
Upper margins of scutellum haired (P), bare (A)
Upper disc of scutellum haired (P), bare (A)
Subscutellum weakly developed (P), strongly developed or absent (A)
Proepisternum haired (P), bare (A)
Proepisternal bristle present (A), absent (P)
Proepimeral bristle present (A), absent (P)
Anepisternum haired (P), bare (A)
Posterior anepisternal bristle(s) present (A), absent (P)
Katepisternum haired (P), bare (A)
Katepisternal bristle(s) present (A), absent (P)
Anepimeron haired (P), bare (A)
Anepimeral bristle(s) present (A), absent (P)
Katepimeron haired (P), bare (A)
Meron haired (P), bare (A)
Meral bristles absent (P), present (A)
Laterotergite haired (P), bare (A)
Costa without (P), with (A) costagial break
Costa without (P), with (A) humeral break
Costa without (P), with (A) subcostal break
Pterostigma present (P), absent (A)
Subcosta complete (P), incomplete (A)
Subcosta straight (P), inflexed (A) opposite humeral break
Crossvein sc-r present (P), absent (A)
R, setose above (P), bare above (A)
Apical portion of M relatively straight (P), anteriorly flexed (A)
Cell cup long, closing near wing margin (P); short, closing far from wing margin

(A)
A, reaching wing margin (P), not reaching wing margin (A)
Cell dm relatively long (P), relatively short (A)
Anal lobe well developed (P), reduced (A)
Alula well developed (P), reduced (A)
Lower calypter moderately large (P), reduced (A)
Wings unpatterned (P), patterned (A)
Knob of halter whitish (P), blackish (A)
Tarsi entirely blackish (P), partly pale (A)
Tarsomere 1 of hind tarsus simple (P), modified (A)
Preapical dorsal tibial bristle undeveloped (P), developed (A)
Abdominal bristles weak or absent (P), strong (A)
Abdomen with 7 spiracles in both sexes (P), less than 7 (A)
Abdominal spiracles in membrane (P), in tergites (A)
Male with hind margin of 5th sternite rcgular (P), incised (A)
Tergite 6 relatively unmodilied (P), reduced asymmetrical (A)
Tergite 6 free (P), fused with segment 7 (A)
Sternite 6 relatively unmodified (P), reduced and shifted to left side (A)
Sternite 6 free from tergite 6 (P), fused with tergite 6 in left side (A)
Segment 7 discrete, free from segment 8 (P); reduced, fused with segment 8 (A)
Tergite 8 discrete, in ventral position (P); indistinguishabte (A)
Syntergosternite 8 large, setose (P); reduced, bare (A)
Spiracle 6 present (P), absent (A)
Left spiracle 6 in membrane (P), enclosed in pregenital sclerite (A)
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Table 1 16.2 Comparison of character states in ground plans of Acalyptratae and Calyptratae (concluded)

Character stater Acalyptratae Calyptratac

Gonopod fused to hypandrium (P), with membranous articulation (A)
Paramere small, feeble (P); large strongly sclerotizcd (A)
Aedeagus simple, one-segmented (Downes 1955. p. 53a) (P): specializcd (A)
Aedeagus without (P), with (A) distinct distiphallus containing acrophallus
Basiphallus without (P), with epiphallus (A)
Aedeagal apodeme rod-like (P), fultelliform (A)
Aedeagal apodeme and basiphallus widely (P), narrowly scparared (A) (Hennig

197 6a, p. 97)
Ste rnite l0 plate-like, undivided (P); divided into bacciliform scterites (A)
Surstylus present (P), absent (A)
Surstylus movable (P), fused to epandrium (A)
Surstylus unilobate (P), bilobate (A)
Surstylus without (P), with prensisetae (A)
Surstyli loosely (P), closely linked with cerci (A)
Cerci membranous, free (P); sclerotized, contiguous or fused (A)
Anus between (P), above (A) base of ccrci
Fcmale with 6th tergite and srernite free (P), fused (A)
6th tergite and sternite undivided (P), dividcd (A)
7th tergite and sternitc free (P), iused (A)
7th tergite and sternite undivided (P), divided (A)
Tergite 8 undivided (P), divided (A)
Sternite 8 undivided (P), divided (A)
Hypoproct with lingulae absent (P), present (A)
Three spermathecal ducts free, opening independently into genital chamber (P);

onc or more spermathecal ducts fused, with two or one opening(s) into genital
chamber (A)

Ventral receptacle absent (P), present (A)

P
P

P

P
P
P

P
P
P

P
P
P
P
P

P
P
P
P

P
P

P
P

A

A

A
A
A
P

P

P
P

P
P
P

A
P
P

P
P

P

P
P

P

P

' P : plesiomorphic; A : apomorphic

represent were already well differentiated by Oligocene
times.

One of the most important of the l4 autapomorphic
characters advanccd for the Acalyptratae is the dichoptic
conditon of the males, as opposed to the primitivc holoptic
condition retained in the ground plan of the Calyptratae
(van Emden 1965, J. F. McAlpine and Munroe 1968,
Griffrths I 972). Henni g (1911a) questioned whether male
dichopticism is really an apomorphic condition in the
Schizophora, but his arguments against it are unconvinc-
ing. Holopticism of males is a firmly entrenched ground-
plan feature of the order; it is intimately linked with
swarming and aerial mating, and probably led to the dip-
terous condition of the Diptera (J. F. McAlpine and Mun-
roe 1968). [t is retained as a ground-plan condition not
only in the Muscomorpha, Aschiza, and Schizophora, but
also in all the other main categories of the Diptera. All
evidence points to the holoptic condition having been lost
repeatedly throughout the Diptera (as is also true for the
repeated loss of mandibles). Examples of male dichoptism
occur in speciaiized lines in all the main categories of the

order including the Aschiza, Schizophora, and even Ca-
lyptratae. Even Hennig himself (Hennig 1965a) admitted
that arguments, to the effect that male holopticism was
lost in the ground plan of the Schizophora and then was
regained secondarily in the Calyptratae, are difficult to
sustain. It is true, however, that the male frons is nar-
rower than that of the female in a few representatives of
the Acalyptratae, e.g. Tanypezidae, Lonchaeidae, some
Otitidae, some Pallopteridae, some Heleomyzidae, some
Lauxaniidae, some Chamaemyiidae, some Curtonotidae,
and some Milichiidae. But such cases are not really holop-
tic when compared with truly holoptic conditions in An-
thomyiidae, Muscidae, and Calliphoridae. It should be
noted also, that, whereas the tendency toward holoptic
males is considered primary in some families of Acalyp-
tratae, e.g. Tanypezidae, Lonchaeidae, and Heleo-
myzidae, it probably is a secondarily derived condition in
others, e.g. I'leoleucopis Malloch spp. (Chamaemyiidae),
l,{eomaorina Miller (Pallopteridae), Axinota Wulp (Cur-
tonotidae), and Holopticqnder papuanus Hennig, and
Trypaneoides Tonnoir & Malloch (Lauxaniidae). Ac-
cording to Stuckenberg (1971) the narrower frons in
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males of the two lauxaniids suggest crepuscular or noctur-
nal habits.

The reduced lower calypter in the Acalyptratae (except
many Platystomatidae) is usually considered to be an au-
tapomorphic condition (these moderately large in Calyp-
tratae with the exception of Scathophagidae and some
Anthomyiidae). A number of chaetotactic characters also
appear to be autapomorphic in the ground plan of the
Acalyptratae. These include absence of the lbllowing
bristles and hairs: pre- and postsutural intra-alar bristles,
presutural dorsocentral bristles, pre- and postsutural
acrostichal bristles, ventral scutellar hairs, katepimeral
hairs, meral hairs, and laterotergal hairs (all present in
the ground plan of Aschiza and Calyptratae). In addition,
there may be an autapomorphic character in the structure
of the clypeus in the Acalyptratae. According to Gouin
(1949) the postclypeus is absent in the Acalyptratae (ex-
cept Conopidae), but it is present in the Syrphidae
(Aschiza) and the Calyptratae. If the presence of a post-
clypeus belongs to the ground plan of the Schizophora, its
reduction in the Acalyptratae could be an autapomorphic
character (Hennig l97 la). Finally, the spermathecal
ducts of the Acalyptratae are partially fused before join-
ing the common oviduct, so that there are only one or two
openings into the genital chamber (Sturtevant 1925
1926). ln the ground plan of the Calyptratae, as in the
ground plan of the Aschiza and the Muscomorpha as a
whole, all three spermathecal ducts reach the common
oviduct separately (Sturtevant 1925-1926). If the fused
condition of these ducts is truly a ground-plan condition
of the Acalyptratae, it also constitutes an important au-
tapomorphic character for the group.

As far as is known, a peculiar seminal vesicle called the
ventral receptacle is found only in the Acalyptratae
(Sturtevant 1925 1926; J. F. McAlpine, Ch. 2). In its
simplest state it occurs as an unmusculated, membranous
pocket on the ventral surface of the genital chamber, as in
certain Clusiidae and Heleomyzidae; in some specialized
cases it is heavily sclerotized, e.g. in the Ephydridac. A
thorough survey of this organ in all families is required. lf
it turns out to belong to the ground plan of the Acalyp-
tratae, it would also be a very significant autapomorphic
charactcr lor the group.

ln almost all Acalyptratae the prothoracic pupal rcspi-
ratory horns are enclosed within the puparium, but in the
majority of Calyptratae the outer lobe of each prothoracic
spiracle of the pupa develops into a sclerotized spiracular
horn, which protrudes through small circular apertures in
the first abdominal tergite of the puparium (Roddy
1 955). Hennig postulated that the virtual absence of pro-
thoracic, pupal respiratory horns in the Acalyptratae
(present only in a few Heleomyzidae) was an autapo-
morphic character of the group. Even if these horns were
present in the ground plan of the Acalyptratae, they were
probably more weakly developed than they were in the
ground plan of the Calyptratae and were soon entircly lost
except in some Heleomyzidae. Another possible autapo-
morphy concerns the relative development of tracheal air
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sacs. These sacs are relatively small in the Acalyptratae
(possibly through reduction) compared to their large size
and development in the Calyptratae (Faucheux 1971).

These autapomorphic conditions, together with the
remainder of the 14 characte,rs marked (A) in Table
116.2, indicate that the Acalyprtratae is, in fact, a mono-
phyletic subgroup of the Schizophora.

SUBORDINATE GROUPS OFI ACALYPTRATAE

The phylogenetic classihcation of the Acalyptratae is
probably the most dilicult cha.pter in the systematics of
Diptera. One reason is that the group is so large, it con-
tains about half of the families (65) recognized in the or-
der. Another reason is that its component families, al-
though individually often small and poorly known, are, as

a group, enormously varied and complex. Each family has

retained a somewhat different combination of characters
that must have prevailed in the ancestral acalyptrate fly,
and at the same time, each one has acquired certain apo-
morphic features of its own. B,3cause of parallelisms and
convergences, conditions that appear similar occur com-
monly in different families. As a result of these factors
and the great amount of extinc:tion that has probably oc-
curred, the distribution of ma.ny characters among the
different families forms a puz:zling, mosaic-like pattern,
which seems to contradict a continuous phylogenetic se-

quence. Predictably, these dilhculties have givcn rise to
differences ofopinion about the placement and ranking of
certain species, genera, and families. Despite the fact that
many problems are still unres,rlved, a certain consensus
prevails in the conclusions of nrost serious workers about
the main superfamilies. Most classifications now in use

recognize eight to ten superf'amilial groups, clustered
around eight to ten key families. These include the mi-
cropezids (Nerioidea), the tanypezids (Diopsoidea), the
conopids (Conopoidea), the otiitids (Tephritoidea), laux-
aniids (Lauxanioidea), sciomyz:ids (Sciomyzoidea), clusi-
ids (Opomyzoidea), chloropids (Carnoidea), heleomyzids
(Sphaeroceroidea), and drosoprhilids (Ephydroidea). Al-
though the contents and limrts of these clusters vary
somewhat from worker to worker, they almost certainly
reflect a basic framework of cladistic units within the
Acalyptratae that has been apparent for a long time.

The most important single attempt at defining the
monophyletic superfamilial subgroups of the Acalyp-
tratae and at classifying them in accordance with phylo-
genetic principles is Hennig's (1958) classic treatment.
That work is a synthesis of his own previous works and
those of others completed before that time. It still serves
as the best starting point for anyone wishing to under-
stand the evolution and classification of the group. In it,
Hennig analyzed various sequences of characters from all
parts of the body and laid a foundation for judging their
plesiomorphic and apomorphic conditions in most acalyp-
trate families. Based on these interpretations, he proposed
a provisional phylogenetic classification of the families
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and superfamilies. Subsequently, he offered many new
ideas, refinements, and improvements, which also must be
consulted (see especially Hennig 1965b, 1961b, 1969b,
1911a, 1973, and 1916b). Griffiths (1972) presented a
revision of Hennig's work based mainly on an analysis of
the male terminalia, which also contains many interesting
and provocative leads that should be considered. How-
ever, he underestimated the variability that occurs in all
parts of the male terminalia within most acalyptrate fam-
ilies, and he overestimated their reliability as indicators of
broad relationships. Consequently, some of his assump-
tions are unsound. Steyskal (1914) summarized the clas-
sihcations of Hennig and Griffiths in a dendrogram and
tried to solve the problem of naming superfamilial catego-
ries throughout the Diptera. The following is one more
attempt to elucidate further the evolution of the Acalyp-
tratae and to superimpose upon it an improved system of
classification.

No single species, genus, or family of flies is known that
embodies all of the gound-plan characters of the Acalyp-
tratae (Table 116.2).If such an example were discovered
it would probably be given new family status, because it
would not fit in any of those now recognized. But, if evolu-
tion is a fact, and if the Acalyptratae is a monophyletic
taxon, an ancestral species closely agreeing with these at-
tributes must have existed (probably in the mid to late
Cretaceous period), and all the families that we now know
must have descended from it. Consequently, the first
question to be answered is: What existing flies most re-
semble the ancestral one? My approach to obtaining an
answer is to check the ground-plan characters of all the
recognized families and superfamilies of Acalyptratae
against those deduced for the acalyptrate prototype
(Table 116.2). The next step is to work out and to docu-
ment plausible cladistic arrangements for the families
first within the superfamilies (see Figs. 116.2 8), and
then for the superfamilies themselves (see Fig. 116.9). To
begin, I organized these families according to the superfa-
milial groupings already mentioned; these groupings usu-
aily correspond to those provisionally adopted in the table
of classification given in Volume I of this Manual (J. F.
McAlpine et al.,Ch. 1). But, as will be seen in the discus-
sions of the superfamilies and in the cladistic diagrams
(see Figs. 116.2-8), a few families are moved to new po-
sitions usually in the same, but sometimes in additional or
di ffere n t. super ia mi lies.

Superfamily Nerioidea

It is generally agreed that the Nerioidea ( : Micrope-
zoidea of most authors) consists of the Micropezidae (in-
cluding Calobatidae ( : Trepidariidae) and Tylidae),
Neriidae, and Cypselosomatidae (including Pseudopo-
myzidae) (Hennig 1958, 191la, 1913; Grimths 1972;
D. K. McAlpine 1974a) (Fig. I16.2). According to Sa-
brosky (personal commun.), Neriidae (proposed as Neri-
ades by Westwood 1840, p. 148) is the oldest family-
group name involved and, therefore, is the proper one to
use for the suoerfamilv.

I I6 NEARCTIC DIPTERA

This superfamily has retained more plesiomorphic con-
ditions in its ground plan than any other acalyptrate su-
perfamily. It is the only schizophorous group in which the
male retained both the tergite and sternite of abdominal
segment 6 as large, separate, and relatively unmodified
sclerites and, at the same time, also retained both the ter-
gites and sternites of segments 7 and 8 as separate scler-
ites (Fig. 57.6). Moreover, the female retained three sper-
mathecae. Other important plesiomorphic features in the
ground plan of Nerioidea include: fronto-orbital plates
continuous and reaching far forward, four fronto-orbital
bristles present, vibrissae undeveloped, arista arising near
apex of first flagellomere, C unbroken, Sc complete and
free from R,, cell cup long, and with vein CuA, meeting
vein A, at an acute angle, and vein A, complete.

The following autapomorphies (synapomorphies of the
included families) in the ground plan of Nerioidea attest
to its monophyly:

- frons as wide in male as in female;
epandrium very elongate and trough-like ventrally;

- hypandrium very elongate; together with gonopods
and aedeagal guide, forming a posteriorly directed
cone with the aedeagus borne at its apex;
gonopods reduced to a pair of elongate sclerites (scler-
ite'X' of Grifliths 1972);
aedeagus anteriorly directed;
sternite l0 of male elongate, H-shaped; in rest posi-
tion, lying ventral to hypandrial cone (see especially,
Fig. 57.6);

- sternite 7 and tergite 7 of female lengthened and fused
to form a bulbous ovipositor base (oviscape); and

- sternite 8 and tergite 8 of female reduced to a mem-
branous. eversible tube.

No single taxon of the Nerioidea embodies all the
ground-plan features of the group. The most plesio-
morphic conditions in the form and chaetotaxy of the
head (more or less hemispherical in shape, four fronto-
orbital bristles, divergent postocellars, strong ocellars) is
probably best exemplified in the Cypselosomatidae, but
here (except for the fossil species Cypselosomatites suc-
ciri Hennig), it is combined with well-developed vibris-
sae, which is an apomorphic condition. The most plesio-
morphic antennae (subapical arista, notched pedicel) are
found in the Micropezidae. The thoracic form and chaeto-
taxy that is nearest the plesiomorphic ground-plan condi-
tion is probably to be found in the ground plan of the
Neriidae, except that here the metasternal area is bare
(haired in Micropezidae). The most plesiomorphic wing
venation (C unbroken, Sc complete, R, setulose, Ro *, and
M, not strongly convergent at apices, cells bm and dm
separate, cell cup rather long and acute posteroapically,
and A, complete) occurs in the Micropezidae. The most
plesiomorphic conditions of the male terminalia occur in
the neriid genus Odontoloxozus Enderlein. With regard
to females, however, the Micropezidae is the only family
in which three spermathecae were retained in the ground
plan.
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Fig. 1 16.2. Cladogram of the Nerioidea and
subgroups and families recognized. (See text for

Consequently, I believe the Nerioidea contains two
main sister groups, the Neriidae * Cypselosomatidae on
the one hand, and the Micropezidae on the other. Neither
sister group is strikingly more generalized or specialized
than the other. In the line leading to the Neriidae and
Cypselosomatidae, sternites 5 and 6 of the male remained
in a plesiomorphic condition, and ocellar bristles and four
fronto-orbital bristles were retained. Synapomorphies
between the Neriidae and the Cvoselosomatidae include:

vibrissae differentiated;
C weakened and broken at rLhe apex of Sc;

Sc reduced, failing to reach the wing margin;
cell cup short and obtusely,:losed;
A, abbreviated;
metasternal area bare: and

spermathecae reduced to two (duplicated to
Neriidae).

four in



t+)z

Micropezidae. In the Micropezidae (Steyskal,
Ch. 56) the vibrissae remained undifferentiated. C re-
mained unbroken, cell cup remained longer and acutcly
closed, A, remained complele, the metasternal area re-
mained haired, and the female retained three soermathe-
cae. The following autapomorphic conditions (synapo-
morphic conditions of the component taxa) developed:

sternite 5 of male bilobed;

- sternite 6 of male highly modified;

- body form iong and slender:

- scutellum reduced;

- front legs short and weak; and

- katepisternal bristles vertically aligned.

The family name, Micropezidae, was proposed by
Loew ( 1862). An excellent treatment of the cladistics and
classification of the group was provided by D. K. McAl-
pine (1974a). He recognized fivc subfamilies; the Calc-
opteryginae, Calobatinae, Micropczinae, Eurybatinae,
and Taeniapterinae. European authors, including tJennig
( 1973 and elsewhere), have often irearcd the sublarnilics
Calobatinae, Micropezinae, and Tacniaptcrinae as sepa-
rate families. According to Steyskal (Ch. 56), about 500
species, divided among about 40 genera, are known. Thc
family occurs in all zoogeographical regions, but distri-
bution is primarily tropical. Two fossil specics from Baltic
amber, both in the genus Electrobata Hcnnig (Hennig
1965b) are known.

Neriidae. Autapomorphic characters of the Neriidae
(Steyskal, Ch. 57) include thc following:

- pedicel elongate and porrect, with finger-like exten-
sion on inner aoex:

- fronto-orbital bristles reduced to trvo or three:

- postocellar bristles convergent;

- ocellar bristles absent:

- transverse scutal suture complete or nearly so;

- only one pair of scutellar bristles present;

- spiracle 7 of male lost; and

- female with four spermathecae.

The family-group name was proposed (as Neriades) by
Westwood (1840). The family is mainly tropical in distri-
bution (Hennig 1937a) and consists of about l l0 species
(Steyskal, Ch. 57) in abour 17 gencra (Steyskal, t968a,
l911 ,1980). Two subfamilies, the Neriinae (circumtropi-
cal) and Telostylinae (Old World tropics), are recog-
nized. No fossils are known.

Cypselosomatidae. The Cypselosomatidae (Hendel
I 93 I ) and the Pseudopomyzidae (Frey I 94l a) havc often
been treated as separate families (see especially, D. K.
McAlpine 1966; Hennig 1969a, l9iIa, t9jlb, 1913:
Andersson 1976b; Krivosheina 1979a), but I agree with
Griffiths (1912), Harrison (1916), and Rohdendorf
(1911) that they are monophyletic and treat rhem
(J. F. McAlpine, Ch. 55) as sister groups (subfamilies)
of a single family.
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Autapomorphic characters of the Cypselosomatidae
(synapomorphies of the Cypselosomatinae and Pseudopo-
myzinae) include:

vibrissae developed:

- arista arising dorsobasally, with subcostal break;
costagial bristle very strong;
male with strong paired bristles on sternite 8 and
epandrium;and

- female with two spermathecae.

In the ground plan of the Cypselosomatinae, the posto-
cellar bristles are divergent (plesiomorphic condition).
Autapomorphies include:

- cells bm and dm confluent:

- A. abbreviated:

- R,, *, and M, convergent;
lowest fronto-orbital bristles medially located and
medioclinate (sometimes called interfrontals); and
scutellum with only one pair of strong bristles.

Two extant genera, Cypselosoma Hendel (D. K.
McAlpine 1966, 1978) and Formicosepsis de Meijere
(Andersson 191 6b), are known. The fossil genus Cypselo-
somatites Hennig (Hennig 1965b, l97lc) from Baltic
amber probably also belongs here.

ln the ground plan of the Pseudopomyzinae, the posto-
cellar bristles are convergent (autapomorphic condition).
Plesiomorphically, cells bm and dm remained separate,
A, is long (practically complete in Heloclusia Malloch),
Ro*, and M, are not very convergent, the lowest fronto-
orbital bristles are not strongly shifted medially, and the
scutellum bears at least two pairs of strong bristles.
This subfamily contains seven extant genera
(see J. F. McAlpine, Ch. 55) and one fossil species in
Baltic amber (Hennig 1911b); the most recent treatments
of the group are those of Hennig (1969a) and Krivosheina
(1979a).

Superfamily Diopsoidea

My investigations confirm that Hennig (1958, 1965b,
1973) was probably correct in regarding the families
Tanypezidae, Strongylophthalmyiidae, Psilidae, Nothy-
bidae, Megamerinidae, Syringogastridae, and Diopsidae
as a monophyletic superfamily (his Nothyboidea)
(Fig. I 16.2). This viewpoint is also reflected in the classi-
{rcations adopted by Stone et al. (1965), Papavero
(1967 a), Colless and D. K. McAlpine (1910, 1974), Del-
phinado and Hardy (1911), Crosskey et al. (1980), and
So6s and Papp (1984a). Griffiths' (1972) reasons for dis-
persing these same families among several "prefamilies"
in two superfamilies are unconvincing.

The oldest familial name in the group is Diopsidae,
which dates from Billberg (1820). Therefore, Diopsoidea
supersedes previously used superfamily names such as
Nothyboidea and Tanypezoidea.

In relation to the ground plan of the Nerioidea, the fol-
lowing autapomorphies (synapomorphies of the included
f amilies) can be advanced for the Diopsoidea:
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- orbital bristles reduced to two or three;
arista situated dorsally;

- celi cup closed obtusely, i.e . CuA, recurved;
A, fading out apically. rarely if ever reaching wing
margln;
sternite 7 of male fused with sternite 8:
tergite 7 of male largely fused with pregenital seg-
ment or absent: and

- tergite 8 of male atrophied.

The sister group of the Diopsoidea is the Nerioidea.
Synapomorphies of these two superfamilies with respect
to the ground plan of the Acalyptratae are as follows:

- body, legs, and wings slender;
Sc and R, approximated;
pterostigma lost; and

- A, atrophied.

One ground-plan feature of the Diopsoidea that is more
plesiomorphic than in the Nerioidea is sexual dimorphism
in the head (tendency toward male holopticism). A nar-
rower male frons was retained in one family, the Tanype-
zidae. A narrower male face appears in the Megamerini-
dae and may be a related phenomenon. Another more
plesiomorphic character of the Diopsoidea is the absence
of a differentiated katepisternal bristle in all the compo-
nent families.

Within the Diopsoidea there are two main sister
groups. Group I consists ofthe Tanypezidae and Strongy-
lophthalmyiidae, and group 2 consists ol the Somatiidae,
Psilidae, Nothybidae, Megamerinidae, Syringogastridae,
and Diopsidae (Fig. 116.2).

Synapomorphic characters in the ground plan of group
I include:

- precoxal bridge present;

- calypteres with long hairs at fold;
C with a subcostal weakening or break;

- greater ampulla weakly present;
male with spiracle 7 absent;

- surstyli fused with epandrium;
epiphallus present;

- sternite 10 divided;

- female with sternites 6, 7, and 8 lengthened to form an
elongate, retractible ovipositor: those of segments 7

and 8 longitudinally divided;

- cerci partially fused; and

- spermathecae reduced (two and one, respectively).

Group 1 is more generalized in its ground plan than
group 2 in the following characters: male frons narrower
than that of female, postpronotal bristles retained, noto-
pleuron with two bristles, chaetotaxy of scutum more
complete, and R, setose above.

Tanypezidae. The Tanypezidae (Steyskal, Ch. 58)
are more generalized than the Strongylophthalmyiidae in
having the frons narrower in the male than in the female,
three instead of two fronto-orbital bristles. costal break
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very weak or absent, a complete subcosta, and two (in-
stead of one) spermathecae.

Autapomorphic characters of the family are as follows:

upper orbital bristle arising on or near vertex;
fi rst flagellomere relatively elongate;

- Ro*, and M, convel'gent at apices:

- CuA, strongly recurved;

- male with paramere reduced; and
female with tergite 7 and :iternite 7 each divided into
two elongate strips.

The Tanypezidae is primarily a New World group, con-
sisting of Tanypeza Fall6n (two species, one holarctic)
and Scipopeza Enderlein (16 l\eotropical species) (Stcy-
skal, Ch. 58). The family name was proposed (as Tany-
pezina) by Rondani (1856). No fossils are known.

Strongylophthalmyiidae. 'Ihis family is more gener-
alized than the Tanypezidae with respect to the courses of
veins Rr*., and M, and several other characters (Steyskal,
Ch. 59). Autapomorphic characters of the family are:

Sc incomplete;

- female without spiracle 7;

- tergite 7 and sternite 7 of fe,male fused; and

- one spermatheca present.

The family consists of onl1' one genus! Strongyloph-
thalmyia Heller, containing 27 species mostly from
southern Asia. Hennig (1958) seems to have been the first
to rank it as a separate famill'; previously it was consid-
ered a subfamily of the Psilidae. No fossils are known.

Synapomorphies of the six families of group 2 of the
Diopsoidea include the followirrg:

anterior notopleural bristle lost;

- presutural supra-alar bristle lost; and

- R, bare.

Group 2 seems to consist of'two sister groups, i.e. the
Psilidae + Somatiidae, and the Nothybidae * Megame-
rinidae * Syringogastridae * Diopsidae.

Synapomorphic features in the ground plan of the So-

matiidae and Psilidae include:

frons equally broad in both sexes;

- pedicel with a complete antennal seam;

- arista situated subbasally;

- orbital bristles reduced to two:

- fronto-orbital plate abbreviated;

- disc ofpropleuron bare;

- C with a strong subcostal break;

- Sc abbreviated:
pregenital segment of mal,e secondarily symrnetrical;
and

- hypandrial bridge incompk:te.

The ground plan of the Somatiidae * Psilidae re-
mained more generalized than that of the Tanypezidae *
Strongylophthalmyiidae in se,reral respects: the proster-
num remained free from the propleuron (precoxal bridge
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absent); in the male, sternite 6 remained relatively large
and unmodified, spiracle 7 was retained, the surstyli re-
mained free and movable (lost in Somatiidae), and the
aedeagus remained without an epiphallus; in the females,
the cerci remained separate (although apomorphicaliy
they are fused in some representatives).

Psilidae. The Psilidae (Steyskal, Ch. 60) remained
more generalized in body form, wing shape and venation,
and chaetotaxy than did the Somatiidae. Within the fam-
ily Psilidae, great differences are evident in both the male
and female terminalia. ln males, spiracle 7 may be pre-
sent or absent, the aedeagus may be very short and simple
or very long and complex, the aedeagal apodeme may be
rod-like and free (cuneiform) or short and fused with the
hypandrium (fultelliform), and sternites 7 and 8 may be
weli developed or virtually absent. In females, the cerci
may be separate or fused.

Two subfamilies, the Psilinae, containing Psila Mei-
gen, Loxocera Meigen, and Psilosoma Zetterstedt, and
the Chylisinae, containing Chyliza Fall6n and Elec-
trochyliza Hennig, are recognized (Steyskal, Ch. 60).
The most generalized conditions occur in the Psilinae.
Autapomorphies (synapomorphies of the subfamilies)
that seem to apply to all members of both subfamilies
include:

- male with reduced sperm pump and ejaculatory
apodeme;

- female without sclerotized soermathecae: and

- sclerites of abdominal segment 8 of female consoli-
dated into a tubiform ovipositor.

The family name, based on Psila (Meigen 1803) (un-
justifiably changed to Psilomyia by Latreille 1829) was
proposed (as Psilomydae) by Macquart (1835, p. 416); in
the same paper (p. 312), Macquart also proposed
Loxoceridae based on Loxocera (Meigen I 803). Because
of the long and consistent use of Psilidae, however, that
name is retained in preference to Loxoceridae. Distri-
bution of the family is basically Holarctic with a few spe-
cies in the Oriental, Ethiopian, and Neotropical regions.
About 200 species are known, including one fossil species
in Baltic amber, Electrochyliza succini Hennig (Hennig
1965b, 1969a).

Somatiidae. The Somatiidae are more generalized
than the Psilidae in having a large ejaculatory apodeme in
the male, two sclerotized spermathecae and a simple, non-
retractile ovipositor in the female. Autapomorphies in-
clude the following:

- arista plumose;

- interfrontal setulae (lowermost one strong) arranged
in a vertical row:

- outer vertical bristle reduced or absent;

- postoceliar bristles convergent;

- clypeus enlarged;
thorax stout:

- transverse suture complete;
greater ampulla secondarily reduced;
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abdomen very broad;

- male with surstyli absent;

- parameres reduced;
basiphallus coniform, twisted;

- distiphallus very long, ribbon-like, twisted; and

- female with tergite 7 and sternite 7 fused, enclosing
the seventh spiracles.

The family is comprised of a single genus, Somatia
Schiner, containing only seven very similar species (Stey-
skal 1968d) and is restricted to the Neotropical region.
Hendel ( 1935) was the first to rank it as a separate family.
The immature stages and habits are unknown. No fossils
are known.

Griffiths' (1912) assignment of Somqtia to the Perisce-
lididae cannot be sustained. The many synapomorphies,
listed above, for the Somatiidae and Psilidae support
Hennig's (191 la) view that they are sister groups. My
reasons for placing the Periscelididae in the Opomyzoidea
are given under Asteioinea.

Synapomorphic characters in the ground plan of group
2 (the Nothybidae, Megamerinidae, Syringogastridae,
and Diopsidae) are as follows:

- neck and prothoracic region lengthened;
postocellar bristles absent; and

- postpronotal bristles absent.

The ground plan of this group of families is more gener-
alized than that of the Psilidae + Somatiidae in the fol-
lowing respects; C without a costal break; male with
sternite 10 undivided; female with a short, simple oviposi-
tor, i.e. tergites and sternites of segments 6,1,and 8 short,
simple, and free from each other; and three sclerotized
spermathecae present.

The Nothybidae are more generalized than the remain-
der of the group on at least three counts: the scutellum has
retained two pairs of scutellar bristles, there is no post-
coxal bridge, and none of the femora is enlarged. In con-
trast, the Megamerinidae, Syringogastridae, and Diops-
idae show the following synapomorphies:

- scutellum with only one pair of strong scutellar bris-
tles (basal pair weak or absent);

- postcoxal bridge present; and

- front or hind femora, or both, enlarged and strongly
setose below.

Nothybidae. The Nothybidae was first treated as a
separate family by Frey (1921). Only eight species are
known (Acx6l 1955; D. K. McAlpine 1974b), all re-
stricted to the Oriental region. The family displays many
autapomorphic features as follows:

- body long, with long, slender legs and wings;

- pedicel with a complete dorsal seam;

- arista strongly plumose;

- face haired;

- anterior part ofthorax greatly elongate;
precoxal bridge present;
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- laterotergite haired;

- subscutellum greatly enlarged;

- metasternal area bare;

- base of M atrophied before bm-cu crossvein (cclls bm
and dm confluent);
anal lobe and alula lost:

- male with tergites and sternites 7 and 8 reduced and
secondarily symmetrical; and

- aedeagal apodeme small and fused with hypandrium.

The two species studied, lVothybus longithorax Ron-
dani and N. biguttatus van der Wulp, show great differ-
ences in both male and female terminalia. In males of the
former, tergite 6 is much reduced, seven pairs of spiracles
are present, the hypandrial bridge is complete, sternite l0
is divided, and the surstyli are simple; females have three
spermathecae and appear to be viviparous (one large,
well-developed, interuterine larva, with head directed
anteriorly, was found inside the enlarged oviduct of the
female examined). ln IY. biguttalirs, males have a large,
unmodified tergite 6, but the seventh pair of spiracles is

absent, the hypandrial bridge is incomplete, sternite 10 is
undivided, and the surstyli are strongly bilobate; females
have only two spermathecae. No information has been
published on the immature stages or biology of the family.
According to D. K. McAlpine (1914b) adults of IV. deco-
ras de Meijere are able to hover. No fossils are known.

An important key to the evolution of the Megamerini-
dae * Syringogastridae * Diopsidae line is the fossil
species, Palaeotanypeza spinosa Meunier. Hennig
(1965b) assigned it to the Megamerinidae and indicated
that all recent members of the family (he included Syrin-
gogaster Cresson in Megamerinidae) could be derived
from it. Judging from the entire complement of charac-
ters shown by Hennig, it also qualifies in some respects as
an ancestor to Syringogastridae + Diopsidae. As in all
three families, it has only one pair of scutellar bristles and
a postcoxal bridge. However, both the front and hind fem-
ora are enlarged and coarsely setose below (hind femur
only thus modified in the Megamerinidae and Syringoga-
stridae; front femur only so modified in the Diopsidae).
Unlike extant Megamerinidae, abdominal tergite 6 of the
male is well developed as in the ground plan of the Syrin-
gogastridae and Diopsidae. In addition, it appears as il
the pregenital segment is relatively short as in the Syrin-
gogastridae and Diopsidae (unusually elongate in extant
Megamerinidae). Palaeotanypeza spinosa is more gener-
alized than any other member of the Megamerinidae,
Syringogastridae, or Diopsidae in having two pairs of or-
bital bristles. One autapomorphic character shown by
P. spinosa in relation to extant Megamerinidae, Syrin-
gogastridae, and Diopsidae is the convergence of veins
Ro*, and M,, a specialization that recurs many times in
the Nerioidea and Diopsoidea.

Certainly Palaeotanypeza Hennig cannot be the direct
ancestor of either the Syringogastridae or Diopsidae. For
one thing, ocellar bristles are absent in Palaeotanypeza
but present in the Syringogastridae, indicating that the
latter probably originated from an earlier ancestor possi-
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bly common to both Palaeotanypeza and Syringogaster.
The convergent condition of verins Ro*, and Mrin Palae-
otqnypeza is more specialized lhan in the Diopsidae, indi-
cating that the Diopsidae originated before that condition
developed. Consequently, Hennig (1965b) was probably
correct in advocating a broader delrnition for the Mega-
merinidae, (restricted to the Oriental region) and assig-
ning Palaeotanypeza to that family as an older clade.

At least two lines evolved fr,cm an ancestor with many
of the qualifications mentioned for Palaeotanypeza. One
line probably led to the Mel3amerinidae and Syringo-
gastridae, and the other led to the Diopsidae ( Fig. | 16.2).

Synapomorphies of extant lv{egamerinidae and Syrin-
gogastridae include:

ocellar plate enlarged;
hind femur, only, enlarged and bearing two rows of
stout ventral setae; and
spermathecae reduced to two (doubled in
Syringogastridae).

Symplesiomorphically, with respect to the Diopsidae,
both groups retained crossvein bm-cu (absent in the Diop-
sidae) and the single pair of rscutellar bristles remained
simple (situated on elongate tubercles in the Diopsidae).

Comparison of Megamerinidae and Syringogastr-
idae. These two farnilies differ markedly from each
other, and each one has many autapomorphic features.
Some of these differences are tabulated in Table 116.3;
the autapomorphies are indicated by asterisks.

Megamerinidae. Hendel ( 191 3) first ranked the
Megamerinidae as a separate) family, but he and most
subsequent authors included liyringogasler in it. As the
family is now defined (Griliths 1912, Hennig 1973), it
consists of only 13 known spelies in four genera: Mega-
merina Rondani (2 spp., Palearctic); Gobrya Walker
(: Syrittomyia Hendel) and Texara Walker (5 spp. in
each, Oriental-Papuan); and I'alaeotanypeza (1 sp., Bal-
tic amber). There seems to be good reason for ranking
Palaeotanypeza as a separate subfamily of the Megame-
rinidae, as is now usually accepted for Centrioncus Spei-
ser in the Diopsidae (FIennig 1965b, Shiliito 1971, Stey-
skal 1972a). Steyskal (19'771 catalogued most of the
known species.

Syringogastridae. I agree with Prado (1969),
Griffiths (1972), and Hennig (1973) that Syringogaster
(restricted to the Neotropical region) represents a sepa-
rate family. lt seems to be more closely related to
Megamerinidae than to any other family, but its precise
ancestry is unknown. Only eig.ht species are known, all in
the genus Syringogaster (Prado I 969).

Diopsidae. The line leading to the Diopsidae (Peter-
son, Ch.61) displayed lhe following autapomorphies:

antennal pedicel without dorsal notch or seam (as in
Megamerinidae);
ocellar bristles absent (as in Megamerinidae);
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Table 116.3 Comparison of character statcs in ground plans of Megamerinidae and Syringogastridae

Character Megamerinidae Syri ngoga stridae

Pedicel
Arista
Face

Orbital bristlcs

Ocellar bristles
Precoxal bridge
Postsutural intra-alar

bristle
Postsutural dorso-central

bristle
Sc and R,
Anal lobe
Alula
Abdomen (both sexes)

Tergites 2-3
Spiracle I

Abdomen (male)
Tergite 6

Sternite 7

Sternite 8

Left spiracles 6 and 7

Aedeagal apodeme
Abdomen (female)

Ovipositor
Spermathecae

without notch or seam
shortly pubescent
haired
narrower in male
one (two in
Palaeotanypeza)
absent
absent

present

present
widely separate
present
present

free
in membranc

reduced
(except Palaeot anypeza)
asymmetrical
very large, elongate
absent
absent

long and rectractible
two

with complete dorsal seam
plumose
bare
equally wide in both sexes
none

present
present

a bsent

absent
closely proximate
absent
absent

fused
in tergite

large

secondarily symmetrical
small, short
7 present
prescn t

short and rather exposed
four

*

* Autapomorphic condition.

- dorsocentral bristles absent (as in Syringogastridae);

- scutellar bristles situated on elongate tubercles;
front femur enlarged and strongly setose below;

- Sc lying close to R, (as in Syringogastridae); and

- crossvein bm-cu absent (cells bm and dm confluent).

Plesiomorphically the diopsid line retained a relatively
long tergite 6 in the male, seven pairs of spiracles in both
sexes, and a simple, relatively short, exposed ovipositor
and three spermathecae in the female. Hennig (1965b),
Shillito (1971), Steyskal (1972a), and Feijen (1983) have
each reviewed the cladistics of the genera. Two subfami-
lies, the Centrioncinae (Ethiopian region) and Diopsinae
(Holarctic and Ethiopian regions) are usually recognized
(Hennig 1965b,1973; Steyskal 1912a), but Feijen (1983)
treated these as separate families. Two fossil species are
known: Prosphyrocephala succini (Loew) (Hennig
1965b) from Baltic amber and P. rubiensis Lewis (Lewis
1971) from Oligocene shales in Montana. All are agreed
that the genus Cenlriorcas Speiser, with unstalked eyes,
is the most generalized member of the group.

Superfamily Conopoidea

Conopoidea (Fig. 116.3) consists of only one family,
the Conopidae (including Stylogaster Macquart) (Smith
and Peterson, Ch. 54), but phylogenetically it is one of the
most puzzling of all the muscomorphan famiiles. Its
membership in the Muscomorpha has usually been recog-
nized, but there has always been uncertainty about its
position within that group (for a review ofearly literature,
see especially de Meijere 1904). There has been a persist-
ent misconception that it belongs with the Syrphoidea
(Aschiza), even though de Meijere (1904), adding to ev-

idence presented earlier by Brauer (1880, 1890), proved

that it belongs to the Schizophora. Enderlein (1936) pro-
posed that the family is the sister group (Archischiza) of
all other Schizophora (Muscaria). Unfortunately, Hen-
nig (1958, 1966b) provisionally accepted Enderlein's
name, although he did not recognize it in earlier and later
works (Hennig 1952 and l9'73, respectively). I agree with
Griltrths (1912) that placement of the family as sister
group of all other Schizophora cannot be justified, and



PHYLOGENY AND CLASSIFICATION OF THE MUSCOMORPHA ] I 6

that this idea should be abandoned. Hendel (1928) placed
Conopidae in the Schizophora, but did not assign it to ei-
ther the Calyptratae or the Acalyptratae. Hennig ( 1952)
affirmed that the family belongs in the Acalyptratae and
suggested that the Tephritoidea probably contained its
closest relatives. Griffiths (1912) referred it to his
"prefamily" Tephritoinea as a "family-group" separate

PIOPHILIDAE

from the "Tephritidae family-group" (in which he in-
cluded all the families of Tephritoidea excapt Lonchae-
idae). This placement more or less conforms with Hen-
nig's (1952) statement that the amazing similarity of
Conopidae with Pyrgotidae, irlthough certainly not re-
flecting a sister group alinity with the Pyrgotidae, per-
haps does reflect "a not altogether distant aflrnity of the
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Conopidae with the Tephritoidea." In effect, both Hennig
and Grifljths regarded the Conopidae as a sister group of
Tephritoidea. This placement is accepted as the most
plausible one yet advanced. However, because it cannot
be fitted into the Nerioidea or the Diopsoidea, on the one
hand, or the Tephritoidea, on the other, it seems prefera-
ble to rank it as a separate, coordinate superfamily
(Fig. 116.3). Among the most significant plesiomorphic
ground-plan characters of the family are the following:
fronto-orbital plate continuous and extending far for-
ward, four or more fronto-orbital bristles present, vibris-
sae absent, C without humeral or subcostal breaks, Sc
complete and free from R,, crossvein sc-r present and dis-
crete, A, compiete to wing margin, male with aedeagal
apodeme rod-like (cuneiform), and surstylus without
prgnslsetae.

Hennig (1966b) discussed most of these and other
characters in terms of their plesiomorphic and apo-
morphic states in the Conopidae. He showed that a subap-
ical or apical position of the arista, as opposed to a dorsal
position, is an apomorphic condition. Earlier, (Hennig
1958), he provided a very convincing argument that the
presence of a drawn out point on cell cup in many Conopi-
dae is an apomorphic condition with respect to the ground
plan of the Schizophora. Griffiths (1912) expressed the
opinion that the completely unbroken C and the elongate
cell cup are also secondary (apomorphic) conditions. Cer-
tainly an unbroken C is a plesiomorphic condition in the
ground plan of the Schizophora, and I can find no ev-
idence to substantiate the hypothesis that a subcostal
break belongs to the ground plan of the Conopidae.

Conditions in the conopid ground plan that are apo-
morphic with respect to the ground plan of the Acalyp-
tratae are as follows; each of those that is autapomorphic
is marked by (AA):

- frons not sexually dimorphic, equally wide in both
S9X9S;

- pedicel elongate, without a dorsal notch or seam;
posterolateral margins of prosternum produced (AA);

- anepisternum bare;

- metasternal area bare:

- pterosligma absent:

- R, bare (AA);
Ro , , and M, convergent at apices:

- mid coxal prong absent (AA);

- male with tergite 6 reduced or lost;
sternite 6, reduced, joined with pregenital segment;
sternites 7 and 8 fused, forming more or less symmet-
rical pregenital segment;

- aedeagus with apical glans;

- sternite l0divided:
female with segments 5 8 highly modified, anteroven-
trally directed (AA);

- cerci fused:

- two spermathecae present; and

- larvae developing as internal parasitoids of adult in-
sects (AA).
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The precise phylogenetic origin of the Conopidae re-
mains unknown. It appears to have evolved from an early,
ecologically specialized acalypterate stock that subse-

quently also produced the Tephritoidea. The fact that it
has retained in its ground plan such primitive features as

an unbroken C and a discrete crossvein sc-r, reflect the
antiquity of its origins in the Acalyptratae, but the reduc-

tion and secondary symmetry in the male pregenital scler-
ites, preclude membership in either the Nerioidea or Di-
opsoidea. The presence of an aedeagal glans in the male
and the modified abdominal segment 7 and fused cerci in
the female seem to align it with the Tephritoidea. More
work is needed to pin-point the relationship of this inter-
esting family.

Usually four subfamilies are recognized: the Stylogas-
terinae, Myopinae, Dalmanniinae, and Conopinae (Smith
and Peterson, Ch. 54). Rohdendorf (1964) raised Sry/o-
gaster to separate family status, but, because it shares the
same autapomorphies as the remaining Conopidae, it is

best treated as a sublamily within that family. Hennig
(1966D) discussed the evolution of the subfamilies and

later (Hennig 1973) included the Dalmanniinae in the
Myopinae. One fossil species, Palaeomyopa tertiaria
Meunier (: Palaeosicus loewi Meunier), is known from
Baltic amber (Hennig 1966b), and one species, Poliomyia
recla Scudder, was described from the Eocene stratum of
Green River, Wyoming (Scudder 1890).

Superfamily Tephritoidea

Tephritoidea (Fie. 116.3) consists of nine families: the
Lonchaeidae, Otitidae, Platystomatidae, Tephritidae,
Pyrgotidae, Tachiniscidae, Richardiidae, Pallopteridae,
and Piophilidae. It corresponds to the Otitoidea + Pal-

lopteroidea of Hennig (1958, 19lla, 1973) and to the
Lonchaeidae + Tephritidae family-group of Griffiths
(1912). Hendel (1916, 1922) excluded the Piophilidae
(including neottiophilids and thyreophorids), but he in-
cluded the Tanypezidae. Frey (1921) followed Hendel,
but he added the Agromyzidae. Crampton (1944b) ex-
cluded both Tanypezidae and Agromyzidae and was the
first to include the Piophilidae; however, he omitted to

specify where he placed the Lonchaeidae. My concept of
this superfamily was presented and discussed in three pre-
vious papers (J. F. McAlpine 1976,1977 ,l98lc).

Tephritidae as a family-group name predates all other
names in the superfamily (Rohdendorf 1977; Sabrosky
personal commun.) and therefore Tephritoidea is the cor-
rect name to apply to it.

Ground-plan characters of the Tephritoidea were given
previously (J. F. McAlpine 1976, 1911 , 1981c) and need

not be repeated here. Autapomorphic ground-plan fea-

tures (synapomorphic features of the included families)
attesting to the monophyly of the superfamily arc as

follows:

- anepisternum with a more or less perpendicular, lin-
ear, internal phragma on posterior half (usually
marked externally by a suture-like furrow anterior to
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anepisternal bristles; most evident in pale-colored spe-
cies, but easily seen in all cleared specimens);

- subscutellum moderately well developed;

- C with a humeral weakening or break;
male with tergites 6,7 , and 8 reduced to fragments or
absent;
sternites 7 and 8 asymmetric, partially fused and
shifted into left side of abdomen;

- posterior or inner lobe ofsurstylus with prensisetae;

- female with segment 7 forming a stout oviscape with
an eversible ovipositor sheath;

- tergite 8 and sternite 8 divided longitudinally into
paired struts that form the main shaft ol an elongate,
rigid, piercing-type ovipositor; and
cerci fused.

A somewhat similar, elongate, retractile ovipositor oc-
curs in the Diopsoidea (in the Tanypezidae, Strongyloph-
thalmyiidae, some Psilidae, and Megamerinidae), but, in
the ground plan of these families, tergite 6 of the male is
relatively large and the female cerci are not fused. In ad-
dition, there is neither a humeral break in C nor an inter-
nal phragma on the anepisternum, and the surstyli have
no prensisetae. The ground plan of the Tephritoidea is
clearly more apomorphic in these respects.

Within the Tephritoidea there are three monophyletic
subgroups: one contains the Lonchaeidae alone; another
contains the Otitidae, Platystomatidae, Pyrgotidae,
Tephritidae, and Tachiniscidae; and a third contains
the Richardiidae, Pallopteridae, and Piophilidae
(Fig. I 16.3).

Lonchaeidae. The Lonchaeidae (J. F. McAlpine,
Ch. 62) have retained a more fundamental set of primi-
tive features of the superfamily than any of the other fam-
ilies. All males have a narrower frons than the females,
and aerial swarming is a universal mating habit in the
family. In males of certain generalized members, e.g.
Dasiops relictus McAlpine, sternite 6 is large and nearly
symmetrical, and tergite 6 is complete and separate (see
Fig. 32, J. F. McAlpine 1962). Primitively, the ae-
deagus, though relatively short, was probably simple
(unsegmented and without apical glans), membranous,
somewhat convoluted, and posteriorly directed as in some
existing species of Protearomyia McAlpine (see Fig. 14,
J. F. McAlpine 1983). Other plesiomorphic features of
the family are the entirely black body color, includrng the
head and legs, a generally hairy condition, including the
disc of the mesothoracic anepisternum and anepimeron,
relatively unpatterned wings, seven abdominal spiracles
in both sexes, and three spermathecae in the female. Al-
though none of these is exclusive to the family, in no other
family of the Tephritoidea do they occur together in all
representatives. Therefore, the Lonchaeidae appears to be
an older sister group of the remainder of the superfamily.

Apomorphic characters of the family, with respect to
the ground plan of the Tephritoidea, are as foLlows: those
that are autapomorphic are marked with (AA).
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- head unusually large and hemispherical (AA);

- lunule broadly exposed;

- single orbital bristle present;
thorax and legs bristly;

- ploepisternum bare on disc,;

- metasternal area bare;

- proepisternal and proepimeral bristles present;
anepisternal and katepisternal bristles present;
halteres entirely blackish (.AA);

- abdomen short, broad and .flattened (AA);

- male with syntergosternite 7 * 8 greatly reduced;
aedeagus short and eventually rigid (AA); and

- female with sternites 5 andl 6 each with a median aoo-
deme on anterior margin.

Lonchaeidae consists of two subfamilies: the Dasiop-
inae (more ancient lineage) contains one genus Dasiops;
and the Lonchaeinae (more recent lineage) contains Pro-
tearomyia, Chaetolonchaea (lzerny, Earomyia ZetIer-
stedt and Lamprolonchaea Bezzi (tribe Earomyiini), and
Lonchaea Fall6n, Setisquantalonchaea Morge, Silba
Macquart, and Neosilba McAlpine (tribe Lonchaeini)
(J. F. McAlpine, Ch. 62; J. F. McAlpine and Steyskal
1982). Cladistics of the family were treated by J. F.
McAlpine (1962) and by Morge ( I 963). The family con-
tains an estimated 700 species, nearly half of which are
still undescribed. It occurs on all major land masses ex-
cept New Zealand, but is probrably best represented in the
Holarctic region. Dasiops ancl Lonchaea are the largest
genera and occur in all zoogeographical regions. Protea-
romyia (J. F. McAlpine 1983), Chaetolonchaea (J. F.
McAlpine 1982) and liaromyia are essentially Holarctic
in distribution, buI Protearomyia also occurs in Patago-
nia. Lamprolonchaea occurs mainly in the Ethiopian,
Oriental, and Australian regions (where itreplaced Earo-
myia), and Silba has a similar distribution. Neosilba
(J. F. McAlpine and Steyskal 1982) is restricted to the
Neotropical region, and Setisquamalonchaea is endemic
1o the Palearctic region.

Synapomorphic ground-plan characters of the tephrit-
oid and the piophiloid subgroups are:

wings patterned and displa yed during sexual activity;
all aspects of mating completed while standing on a
substrate; and
tergite 6 of male further fra.gmented or lost.

There is little to choose belween the relative generai-
ization or specialization of either group. The ground plan
of the tephritoid subgroup is rnore generalized than that
of the piophiloid subgroup in the following features: two
or more strong orbital bristles retained (one in piophiloid
subgroup); katepisternal bristle probably weak or absent
(clearly present in piophiloid subgroup), C without sub-
costal break (clearly present in piophiloid subgroup);
crossvein sc-r present (virtually absent in piophiloid sub-
group); and aedeagal apodeme rod-like (fultelliform in
piophiloid subgroup).

On the other hand, the ground plan of the piophiloid
subgroup is more generalized in several other features:
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Spiracles 6 and 1 retained in male abdomen (lost in te-
phritoid subgroup), male with sternite 6 relatively large,
free, and unmodified (greatly reduced, asymmetric, and
fused with sternites 7 and 8 in tephritoid subgroup);
paramere well developed (greatly reduced or absent in
tephritoid subgroup); and female with tergite and sternite
of segment 7 relatively free (more or less fused in tephrit-
oid subgroups).

Autapomorphic characters of the tephritoid subgroup
include the following:

- males with spiracles 6 and 7 lost;

- sternite 6 reduced and asvmmetrical. fused with stern-
ites 7 and 8;

- gonopods reduced;

- parameres lost or greatly rcduced; and

- females with tergite and sternite of segment 7 fully
fused.

Autapomorphic characters of the piophiloid subgroup
include the following:

- only one strong orbital bristle present;
katepisternal bristle strongly di fferentiated ;

C with a subcostal break; and
aedeagal apodeme fultelliform.

The tephritoid subgroup is composed of two main sister
groups: the Otitidae on the one hand, and the remaining
four families (the Platystomatidae, Pyrgotidae, Te-
phritidae, and Tachiniscidae) on the other.

Otitidae. The Otitidae (Steyskal, Ch. 63) remained
closer to the ground plan of the tephritoid subgroup than
any other family in several ways: the pedicel is always
without a dorsal seam; the anepisternal phragma is fre-
quently weak and incomplete; the surstylus consists of
simple anterior and posterior lobes, the latter bearing sev-
eral prensisetae; the aedeagus, although long and coiled,
does not have a discrete, complex apical glans; and, in the
ground plan of the family, the aedeagal apodeme re-
mained rod-like and relatively free from the hypandrium.
The food habits of the larva continued to be orimarilv
saprophagous.

The following autapomorphies (with respect to the
ground plan of the remaining four families) can be ad-
vanced for the Otididae:

pedicel with dorsal notch reduced;

- proepisternal, anepisternal, and katepisternal bristles
present;

- anepimeron bare;

- metasternal area bare:

- postsutural acrostichal and intra-alar bristles present;
presutural supra-alar bristle absent;

- C with a subcostal break;

- crossvein sc-r and pterostigma absent; and

- aedeagus tightly coiled, and stored in right, ventro-
lateral side of abdomen.

Steyskal (1961;Ch.63) considers that the family con-
sists of two subfamilies. the Ulidiinae in which the ae-
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deagus is bare and sometimes has an apical glans, and the
Otitinae in which the aedeagus is bristled and always has

a simple tip. European workers (Hennig 1939a, 1913)
treat these two taxa and what Steyskal classifies as the
tribe Pterocallini, as separate families. A worldwide study
of the evolution and classification of the family is needed.

Something in the order of 800 to 1000 species are known
from all parts of the world. No fossils have been reported.

Autapomorphic characters in the ground plan of the
Platystomatidae * Tephritidae + Pyrgotidae * Tachi-
niscidae subgroup (synapomorphies of the included fami-
lies), proving its monophyly are as follows:

- pedicel with an elongate dorsal seam;

- greater ampulla more or less developed;
lower lobe of calypter frequently broadened;

- anepisternal phragma strong and complete;

- 
posterior notopleural bristle surmounting a tubercle
(notopleural callus);
surstylus consisting of an outer and an inner Iobe (as

opposed to an anterior and a posterior lobe, respec-
tively). the latter bearing several prensisetae;
aedeagus elongate and looped, and bearing a complex
apical glans that is stored more or less dorsally under
tergite 5; and

- aedeagal apodeme fultelliform, i.e. extensively fused
with hypandrium.

As in the otitid sister group, some ground-plan charac-
ters of these four families remained closer to the ground
plan of the tephritoid subgroup as a whole, than they did
in the Otitidae: the pedicel has a distinct dorsal notch; C
does not have a subcostal break: crossvein sc-r remained
present, though weak and indistinct; the pterostigma was

retained; strong bristles are not present on the proepister-
num, anepisternum, or katepisternum; hairs were re-
tained on the anepimeron and metasternai area; and there
are no distinct postsutural, acrostichal, or intra-alar
bristles.

Platystomatidae. There is probably a sister-group
relationship between the Platystomatidae (Steyskal,
Ch. 64) and the Tephritidae * Pyrgotidae * Tachinis-
cidae. The Platystomatidae remained more generalized in
their ground plan than the latter three families in retain-
ing saprophagous larval food habits. In the adults, bristles
are frequently relatively weak and sparse; the katepister-
num is usually without an outstanding bristle; the anepis-
ternum frequently lacks strong bristles; and cell cup re-
mained obtusely closed (without an acute posteroapical
lobe). Apomorphic characters of the family include thc
following; those that are autapomorphic are marked
(AA):

- pedicel with a long dorsal seam;
postocellar bristles weak or absent; and
female with abdominal terqite 6 reduced or absent
(AA).

This family consists ol about 1000 species and occurs in
all the main vegetated parts of the world. D. K. McAlpine
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(1913) provided the most thorough study of the family yet
produced, but it is primarily a treatment of the Australian
fauna. A worldwide comparative study of all genera is
needed. McAlpine recognized five subfamilies: the Trep-
herinae (4 genera), the Plastotephritinae (5-10 genera),
the Scholastinae (9 genera), the Platystomatinae (26 or
more genera), and the Angulitinae (3 genera). The
Platystomatidae are most abundant in the Paleotrooical
regions, with a relatively few species reaching into the
New World tropics and the southern parts of the palearc-
tic and Nearctic regions. One genus, Rivelliq Robineau-
Desvoidy, is virtually worldwide in distribution. No fossils
are Known.

The line leading to the Tephritidae + pyrgotidae +
Tachiniscidae probably was scarcely distinguishable from
the Platystomatidae except that cell cup acquired an
acute posteroapical lobe and the larvae were either phy-
tophagous, as in the Tephritidae, or parasitic on other in-
sects, as in the Pyrgotidae and Tachiniscidae. The shift in
larval feeding habits from saprophytic to Iiving plants or
insects is a significant synapotypic feature of these three
families. This line produced two sister groups: the Te-
phritidae, on the one hand, and the Pyrgotidae + Tachi-
niscidae, on the other.

Tephritidae. The ground plan of the Tephritidae
(Foote and Steyskal, Ch. 66) is more generalized than
that of the Pyrgotidae * Tachiniscidae in several ways:
the larvae feed in living plant tissues (flowers, stems,
leaves, and fruits); the pedicel has a dorsal seam (modi-
fied dorsal notch); the hypandrial bridge remained intact
in the male; and the typical form of the tephritoid oviposi-
tor was retained in the female. Apomorphic features of
the family inciude the following; those that are autapo-
morphic are marked (AA):

- pedicel with a complete dorsai seam;

- frontal plate strongly differentiated and bearing a ver-
tical row of strong medioclinate frontal bristles (AA);

- Sc obsolescent at apex and angled sharply forward
(AA);and

- greater ampulla relatively strongly developed (AA).

Tephritidae is by far the largest family of the Tephrit-
oidea; an estimated 4000 species are known from all parts
of the world. Hering (1947) divided rhe family into eight
subfamilies; the Dacinae, Schistopterinae, Euribiinae,
Oedaspinae, Tephritinae, Aciurinae, Terelliinae, and
Trypetinae. Hardy (1913,1914, 1977) reduced this num-
ber to four subfamilies: the Dacinae, Schistopterinae,
Tephritinae, and Trypetinae. Cogan and Munro (1980),
on the other hand, increased it to I I subfamilies. Clearly
a worldwide study of the cladistics and classihcation of
the family is needed. No fossils have been reported.

Synapomorphic characters of the Pyrgotidae and
Tachiniscidae include:

- larvae with endophagous (parasitoid) habits;

- pedicel inclined to be elongate strongly decumbent,
and with dorsal notch weak or absent:
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- postsutural, intra-alar bristle present;
tendency for loss of mid coxal prong (absent in most
Pyrgotidae, absent in Tachtniscidia sp.); and

- ovipositor peculiarly adapted for depositing eggs on
living insects.

Pyrgotidae. The ground plan of the Pyrgotidae
(Steyskal, Ch. 65) is more plesiomorphic than that of the
Tachiniscidae. The frontal plate is relatively weakly de-
veloped and frontal bristles, if present, are sparse and
weak (opposite conditions in Tachiniscidae); the basic
wing venation of the Pyrgotidae is probably closer to the
ground plan of all the Tephritoidea than in any other fam-
ily: C without a subcostal break, Sc complete to C, cross-
vein sc-r clearly present, and R, bristled on its entire
length. But these characters and others vary greatly in the
family, which indicates a potential for the peculiarities
that occur in both the Tephriticlae and the Tachiniscidae.

Autapomorphic characters in the ground plan of Pyr-
gotidae include:

- larvae parasitoids in adult scarabaeoid beetles
(Coleoptera);

- adaptations in adults for oviposition on beetles;

- crepuscular flight habits; and
ovipositor with tubular, elongate anteroventrally
curved oviscape.

Additional apotypic characters of the family are as
follows:

- tendency to lose ocelli;
frons sometimes narrower in female than male: and

- arista sometimes highly modified.

The family consists of 200 to 300 species, divided
among 20 to 30 genera, and occurs mainly in the tropical
and temperate regions of the world. Three subfamilies,
thc Toxurinae, Pyrgotinae, and Lochmostyliinae, are usu-
ally recognized. A thorough r:volutionary study of the
family throughout the world is needed. Key papers in-
clude those by Acxel (1956, 1958), Enderlein (1942),
Hendel (1934), Hennig (1959), Paramanov (1958), and
Steyskal (1912b,1978). No fosr;ils are known.

Tachiniscidae. The Tachiniscidae are usually consid-
ered to be a specialized sister group of the Tephritidae
(J. F. McAlpine 1977), mainly because the adults have a
row of strong medioclinate frontal bristles as in the Te-
phritidae. However, that character recurs independently
several times within the Tephritoidea (some species in
each of the families Otitida,;, Platystomatidae, Pyr-
gotidae, Richardiidae, and Piophilidae).

The parasitoid habits of the iarvae, surmised by Mal-
loch (1931a) and confirmed by Roberts (1969), together
with the elongate, nonseamed pedicel, and the tendency
for losing the mid coxal pronpJ, show that it is a sister
group of the Pyrgotidae. Perhiaps when more is known
about both families, the Tachiniscidae will prove to be a
sister group of a subgroup of the Pyrgotidae rather than of
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the entire family. If so, it should be ranked as a suprage-
neric taxon of the Pyrgotidae, but for now it is preferable
to treat it as a separate family. Autapomorphic characters
ol the group include:

body and legs strongly and relatively densely bristled;
vibrissa present;

- frontal plates strongly differentiated, and with a row
of strong medioclinate bristles (as in Tephritidae);
postpronotum with several strong bristles;

- anepisternum, katepisternum, and anepimeron with
strong bristles;

- anepimeron with a very prominent tubercle from
which anepimeral bristles arise.
C with a subcostal break:

- male with surstyli greatly reduced;

- female with highly modified, dorsally directed oviposi-
tor; and

- sclerotized spermathecae absent (at least in Tachi-
ni s c a cy aneiv e nt ri s Kert€,sz).

Only three species in three genera, Tachinisca c;'aneiv-
erlris (South America), Bibundia hermanni Bischoff
(Africa), and Tachiniscidia africara Malloch (Airica),
are described. Examples of this unusual family are rare.
A single specimen of an undescribed species of Bibundia
Bischof from Nigeria was reared by Roberts (1969) irom
a caterpillar of a saturniid moth, Imbrasla nicitans Fab-
ricius, which is the only recorded data on the biology of
the family (Cogan 1980a). I examined a female of T. cy-
aneiventris from Colombia (Meta, Villavicencio, l9 Junc
1976, collected by M. Cooper) and a male of an unde-
scribed species of Tachiniscidia Malloch from Angola
(Cacola, 23 Dec. 1951 28 Jan. 1958, 1300 m). Malloch
( 193ia) reviewed the family. No fossils are known.

As indicated earlier, the third monophyletic subgroup
of the Tephritoidea consists oi the Richardiidae, Pallop-
teridae, and Piophilidae. This subgroup, here referred to
as the piophiloid subgroup (: richardioid subgroup of
J. F. McAlpine 1911 , 198 1c) together with the tephritoid
subgroup forms the sister group of the lonchacoid sub-
group. Autapomorphic characters of both subgroups are
listed earlier.

Richardiidae. This family (Steyskal, Ch. 67), which
dates from Loew (1873), is considered the most general-
ized family of the piophiloid subgroup, because it retained
the following plesiomorphic characters in its ground plan:
middle of proepisternum haired; metasternal area haired;
seven pairs of abdominal spiracles prescnt in both sexes;
male with a vestige of tergite 8; and aedeagal apodeme
free, i.e. not extensively fused to hypandrium.

Autapomorphic characters of the family are as follows:

hind femur heavill spinose:
abdominal tergite 2 with strong bristles laterally;

- aedeagal apodeme very reduced;

- gonopods and parameres very reduced; and
two spermathecae present.
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The most generalized section of the family includes the
genera Automola Loew, Epiplatea Loew, and Omomyia
Coquillett (J. F. McAlpine 1976); Steyskal (Ch. 67)
erected a new subfamily, Epiplateinae, for it and consid-

ered it to be the older sister group of the remainder of the
lamily (Richardiinae). The family is restricted to the
New World and contains about 170 species in 3l genera.

Steyskal (i968c) provided a catalog of almost all taxa
except Omomyia. No fossils are known.

Pallopteridae and Piophilidae together comprise the
sister group of the Richardiidae (J. F. McAlpine 1976,

l9l'7,1981c). Synapomorphic characters in the ground
plan of both families are as follows:

presutural dorsocentral bristles present;

- proepisternum bare;

- metasternal area bare; and

- parameres relatively large and strongly sclerotized.

Pallopteridae. Separate family status for this group
(J. F. McAlpine, Ch. 68) was first proposed by Malloch
and McAtee (1924). lts evolutionary relationships and

classihcation were recently reviewed by J' F. McAlpine
(1981c), and a key to the world genera was provided for
the first time.

The Pallopteridae are considered to be more general-

ized than the Piophilidae in not having vibrissa and in
having a proepimeral bristle.

Autapomorphic characters in the ground plan of the
Pallopteridae include the following:

- presutural bristles relatively strongly developed (lost

secondarily in some genera);
proanepimeral bristle weak and anteroventrally
inclined;
R. bare:

- anepimeron bare; and
habit of vibrating wings during sexual excitement
strongly developed.

The family contains two subfamilies; the Eurygnatho-
myiinae contains Eurygnathomyia Czerny, the only
member of the family in which C is spinose, and Pallop-
terinae contains the 12 remaining genera (see J. F. McAl-
pine, Ch. 68). Three fossil species are known (see J. F.

McAlpine, Ch.68).

Piophilidae. This family (J. F. McAlpine, Ch. 69)

was first proposed by Macquart (1835). In the present

concept it includes both the neottiophilids (subfamily
Neottiophilinae) and thyreophorids (subtribe Thyreo-
phorina) which some authors treat as separate families.
The family was recently revised on a worldwide basis

(J. F. McAlpine 1911).

The Piophilidae are considered to be the apotypic sister
group of the Pallopteridae. Autapomorphies of the Pio-
philidae with respect to the ground plan of the piophiloid
cluster of families are as follows:
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vibrissae strongly developed;

- clypeus small and withdrawn;

- proepimeral bristle absent;

- surstyli unilobate, without teeth (except in Amphipo-
gon Wahlberg);

- aedeagal apodeme extensively fused with hypan-
drium: and
two spermathecae present.

The family consists of two subfamilies: the Neottio-
philinae, which are the more generalized (R, setulose),
and the Piophilinae. Neottiophilinae contains only two
genera, lVeottiophilum Frauenfeld and Actenoptera
Czerny. The larvae of Neottiophilum, at least, live in the
nests of passerine birds where they are ectoparirsitic on
the nestlings. The Piophilinae contains two tribcs: the
Mycetaulini with 6 genera, which are probably all myce-
tophilous, and the Piophilini with l5 genera, which are
probably all necrophilous. The tribe Piophilini may be
subdivided into two subtribes: the Piophilina containing
Piophila Fall6n and its allies, and the Thyreophorina con-
taining seven genera, including Protothyreophora Oz,erov
(Ozerov 1984). The supposed phylogeny of all genera,
except the last, was discussed in detail by J. F. McAt-
pine (1977). In all, the family contains 7l species and 23
genera. No fossils are known.

Superfamily Lauxanioidea

This superfamily (Fig. 116.4) was proposed by Hendel
(1916, 1922) for the families Lauxaniidae, Celyphidae,
and Chamaemyiidae. Hennig (1958) added the E,urycho-
romyiidae and Periscelididae, but later he (Hennig
197 | a) excluded the Periscelididae and associated it with
the Aulacigastridae (see discussion under Opomyzoidea:
Asteioinea). Griliths (1912) adopted Hennig's (1911a)
concept of the superfamily, and the same concept is fol-
lowed here. Latreille's (1804) proposal of Lauxanides is
the oldest family-group name applicable to the group;
hence Lauxanioidea is the correct name to use for the
superfamily.

The monophyly of the Lauxanioidea is based on some
12 autapomorphies (synapomorphies of included taxa),
with respect to the ground plan of the Acalyptratae.
These characters are listed in Table 116.4, in which they
are compared with those of the Sciomyzoidea. Some of
these characters are lost in some members of the Laux-
anioidea. For example, the convergent postocellar bristles
are reduced or absent in the Eurychoromyiidre, in some

Chamaemyiidae (Cremifania Czerny and Leucopis Mei-
gen) and in some Celyphidae; sometimes thsse are re-
placed by parallel to slightly divergent ocellar setulae.
Preapical dorsal tibial bristles have also been lost in the
E,urychoromyiidae and Chamaemyiidae. In an earlier
paper (J. F. McAlpine 1963) dealing with the relation-
ships of the families of Lauxanioidea * Sciomyzoidea,
the cladistic arrangement that I depicted is wrong (Hen-
nig 1965b). A more plausible arrangement is shown in
Fig. 1 16.4.
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I agree with Hennig (1965b) that the sister group of the
Lauxanioidea is probably the lSciomyzoidea. This conclu-
sion is supported by nine synapomorphies with respect to
the ground plan of the Acalyptratae (hrst nine characters
listed in Table I 16.4). Howevor, some of these conditions
may be questionably apomorphic. For example. it is possi-

ble that a haired prosternum is a plesiomorphic rather
than an apomorphic feature in the Schizophora, and, ifso,
its occurrence here is of little or no significance.

These two superfamilies also share a suite of plesio-
morphic conditions in their ground plans, the components
of which are usually listed in characterizations given for
the component families. These characters include such
things as vibrissae absent; C unbroken; Sc complete; cells
bm, dm, and cup discrete; fernale with three spermathe-
cae (except Eurychoromyiidae) and simple tubular termi-
nalia; and male with freely artriculated surstyli. The Laux-
anioidea remained more plesiotypic than the
Sciomyzoidea in retaining in irls ground plan a tergite 6 in
the male that is almost as long as tergite 5. Tergite 6 in
the ground plan of Sciomyzoidea is seldom rnore than
one-half as long as tergite 5 and is frequently vestigial or
absent. ln general, however, 1he Sciomyzoidea are more
plesiotypic than the Lauxanioidea, as evidenced, for ex-
ample, by divergent postocellar bristles, a complete A,,
and a discrete remnant of tergite 8 present in the male
(see Table 116.4).

Griffiths' (1912) conclusion that the Lauxanioidea and
Sciomyzoidea are remotely r,;lated is unconvincing. He
divided the Schizophora into two main groups, i.e. the
Lonchaeoidea * Lauxanioidea * Drosophiloidea *
Nothyboidea, on the one hanrl, and the Muscoidea (Ca-
lyptratae + remaining Acalyptratae including Scio-
myzoidea) on the other hand. He based this division both
on postulated differences in the relative reduction and
coalescence of the tergites and sternites of segments 6 to 8
in the male abdomen, and on the ability or inability of the
aedeagus to be swung through a wide arc against the ae-
deagal apodeme. On the basiLs of these assumptions, he
placed the Lauxanioidea in the more plesiotypic section.
in which he considered the ground-plan condition of the
aedeagus to be directed rigidly to the posterior, and the
Sciomyzoidea in the more apotypic section (Muscoidea),
in which he considered the ground-plan condition of the
aedeagus to be flexible and capable of being swung in a
wide arc against the aedeagal apodeme. Because Griffiths
underestimated the great variability of these characters,
even within well-established taxa, some of the reiation-
ships he postulated are questionable, and his conclusion
regarding the relationships of the Lauxanioidea and Scio-
myzoidea appears to be a case in point (see further discus-
sion under Cremifamiinae).

The ancestry of the Lauxanioidea * Sciomyzoidea
probably traces back to the earliest stem of the Acalyp-
tratae (see Fig. 116.9), but no specihc outgroup has yet
been established. Together these two superfamilies proba-
bly comprise the sister group of the Opomyzoidea * Car-
noidea * Sphaeroceroidea -l- Ephydroidea. More work
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is required to document these assumptions with clear-cut
synapomorphies. The reduction in the fronto-orbital bris-
tles to two and the loss of inclinate frontal bristles seem to
be useful characters in this respect.

The Lauxanioidea appears to consist of two main sec-
tions; the first consists olthe Lauxaniidae, Eurychoromyi-
idae, and Celyphidae; the second consists of the Chamae-
myiidae (including Cremifaniinae). A clearly
autapomorphic character of the first section (synapo-
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morphic character of the included families) is exhibited
by the form and vestiture of the metepisternum. In the
ground plan of these three families, the metepisternum is
tiny and depressed, and it bears one to several fine setulae.
Attention was drawn to this character in connection with
Eurychoromyia mallea Hendel (J. F. McAlpine 1968,
Figs. 5-6), but in that paper I misinterpreted the tiny
metepisternal setula as being homologous with the spirac-
ular bristles present in the Sepsidae and Ropalomeridae.
The spiracular bristles in those families are closely associ-
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Table 116.4 Comparison of ground-plan characters' of Lauxanioidea and Sciomyzoidea
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Character Lauxanioidea Siciomyzoidea

Fronto-orbital plate reduced antcriorly
Rcclinate fronto-orbital bristles reduced to two
Inclinate frontal bristles absent
Lunule bare
Prosternum haired
Katepisternal bristle present
Laterotergite bare
Preapical dorsal tibial bristle present
Sternite 6 of male reduced
Frontal vitta densely and strongly setulose
Face weakly sclerotized along vertical midline
Tergite 6 of male reduced
Postocellar bristles convergent
Proepisternum bare on disc
Metasternal area bare
Meron bare
R, bare
CuA, recurrent
A, abbreviated, not reaching wing margin
Abdominal bristles strong
Tergite 7 of male fused with sternite 8

SyntergosterniLe 7 + 8 secondarily nearly symmetric
Tergite 8 of male atrophied
Gonopod and paramere more or less fused at bases

+
+
+
+
+
+
+
+
+

+
+
+
+
+
T
+
a

T

T

+
+

+
+
+
+
+
+
T

+
T
T
+
+

I Restricted to those characters that are apomorphic with respcct to ground plan of Acalyptratae
+ Condition present.

- Condition not as described.

ated with the peritreme, whereas the metepisternal setu-
lae of the Lauxaniidae and others are well removed from
the peritreme. As metepisternal setulae occur in many,
though not all, genera of both subfamilies of thc Lauxani-
idae, their presence appears to be a ground-plan character
of the family that has been lost repeatedly within the fam-
ily. In the Celyphidae they are well deveiope d in Celyphus
Dalman but appear to have been lost in some other gen-
era. (lt is perhaps worth noting here that the metepiste r-
num is enlarged, swollen, and covered with short, stout
setulae in all Coelopidae; also, in the Ropalomeridae and
in certain Sciomyzidae, the metepisternum is fincly setu-
lose over a relatively broad area.)

An autapomorphic character of the chamaemyiid sec-
tion of the Lauxanioidea is the distinctive curvature tow-
ards Sc in the apical bend of R,.

Lauxaniidae. Adults of the family (Shewell, Ch. 87)
frequent low vegetation in moist, semi-shaded habitats.
Miller (1911b) confirmed thar most larvae are sapropha-
gous, living in fallen vegetation. Most adults graze fungal
material on leaves (Broadhead 1984). Worldwidc, the

iamily contains some 126 genera and about 1500 species
(Miller 1911a). Representatives are found on al1 large
land masses except Antarctica. In older literature, the
family was often called Sapromyzidae, based on
Robineau-Desvoidy's (1830) p,roposal, but Lauxaniidae
based on Latreille's (1804) proJrosal has priority.

In contrast to most acalyptrate families, the Lauxani-
idae exhibit an extraordinary nrorphological plasticity; in
this respect they have been referred to as "the acalyptrate
equivalent of the orthorrlnaphous Stratiomyidae"
(Stuckenberg l97l). Nevertheless, there is general agree-
ment that the family is morLophyletic (Hennig 1958,
Griffiths 1972). Most members are readily distinguish-
able from other families by a combination of relatively
stable characters including vibrissa absent; postocellar
bristles convergent; C unbroken; Sc complete; cclls bm,
dm, and cup discrete; A, abbreviated, preapical dorsal
tibial bristles present; and female with thrce spermathe-
cae. Because all these characters are ground-plan condi-
tions of the Lauxanioidea, thcy are plcsiomorphic with
respect to the ground plan of the Lauxaniidae. However,
the following characters are autapomorphic with respect
to the ground plan of Lauxanioidea:
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male accessory glands ("paragonia") branched re-
peatedly, forming a dense tangle (Sturtevant 1925
te26):

- aedeagus consolidated and reduced into a more or less
rigid tubular process;
It seems probable that the aedeagus in the ground
plan of the Lauxanioidea is a more or less flexiblc
type, perhaps similar to that ol Cremifanic spp. (J. F.
McAlpine 1963). In the Lauxaniidae, the flexible,
armed, apical portion appears to have been withdrawn
into the enlarged basal portion; in some species of
Homoneura Wulp, for example, the armed apical por-
tion can be exserted in macerated specimens. Rela-
tively greater consolidation and reduction of the entire
aedcagus is apparent in other spccics of Homoneura
and in other genera; in some cases it is complctely
reduced.
front femur with an anterovcntral comb of small
spines (ctenidium);
This character is probably a ground-plan condition of
the family because it occurs with considerable consist-
ency in the Homoneurinae and also in a few
Lauxaniinae.
lunule unexposed.

It seems probable that in the ground plan of the Laux-
anioidea the lunule was moderately exposed, perhaps as in
the Chamaemyiini. This condition is also predominant in
the Sciomyzoidea and Schizophora as a whole. If this is
true, the unexposed condition in the Lauxaniidac is dc-
rived (as is the widely exposed condition in the
Leucopini).

Possibly the peculiar adaptations for fungal grazing on
the labella of Lauxaniidae, i.e. 6'.prongs'! attached to the
pseudotracheal rings and "scoops" arising from the integ-
ument between the pseudotrachea (Broadhead 1984) are
sufficiently unique in this family to be considered an au-
tapomorphy. Much more work is needed to establish the
occurrence, nature, and homologies of these structures in
this and other families of Acalvotratae.

Griflrths' (l9l2) statement that the parameres (postgo-
nites) are lost in the ground plan of Lauxaniidac is wrong.
Both the gonopods (pregonites) and the parameres are
clearly distinguishable in many Lauxaniidae, and both
are present in the ground plan (Hennig 1948b). They are
usually more or less fused at their bascs, and commonly
the gonopods are reduced, relative to the size of the
parameres. Similary, Griffiths' (1912) conclusion that the
dorsal sclerite between tergite 6 and the epandrium repre-
sents tergite 7, only, in Lauxaniidae and other members of
the Lauxanioidea is incorrect. Careful study of this scler-
ite in many representatives shows that it contains ele-
ments of segments 7 and 8 as in all Schizophora in which
such a sclerite is present (Hennig 1958). Its composite
nature in the Lauxaniidae is clearly illustrated by
Stuckenberg (1971, Figs.3,7). In the Chamaemyiidae it
is shown by J. F. McAlpine (1968, Fig. 2).
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The suprageneric classification of the Lauxaniidae has

not yet been fully resolved. Stuckenberg (1971) con-
cluded that the family divides into two sections, one con-
taining most of the genera in which the black costal setu-
lae extend to Ro*, (homoneuriform costa) and the other
containing the genera in which the costal setulae end at or
near Rr*, (sapromyziform costa). He erected the sub-
family Homoneurinae for the genera that have a

homoneuriform costa and lack a strong, discal, episternal
bristle but concluded that the sapromyziform section
would probably be divisible into a number of other segre-
gates coordinate with the Homoneurinae. The extension
of the black costal setulae to a point well beyond Rr*, in
the Homoneurinae appears to be a good autapomorphic
character of that subfamily, for these setulae end at or
near R",. in all other members of the Lauxanioidea and
Sciomyzoidea examined; in fact, these setulae appear to
cnd near R,.. in the ground plan of the Muscomorpha.
No autapomoiphic character has yet been discovered to
prove the monophyly of the remainder of the Lauxaniidae
(sapromyziform section), but perhaps such a character
will ultimately be found. Shewell (1911) provisionally
treated that section as the subfamily Lauxaniinae, and
this status was also adopted by Miller (1971b,1980a).

Two lauxaniids, Chamaelauxania succini Hennig and
Hemilauxania incurviseta Hennig, were described from
Baltic amber (Hennig 1965b); another species, Sapro-
myza reterarza Melander was described from Miocene
shale in Colorado (Melander 1949). Also, Lonchaea se-

nescens Scudder (Scudder 1877) lrom Tertiary shale in
British Columbia belongs to Lauxaniidae (J. F. McAl-
pine I 962).

Eurychoromyiidae. This family contains only the
peculiar Bolivian fly, Eurychoromyia mallea Hendel
(Hendel 1910). It is still known only from the four speci-
mens in the type series. Hendel classilied it as "an isolated
group of Acalyptratae," and erected the new subfamily
Eurychoromyiinae (coordinate with his subfamilies Scio-
myzinae and Lauxaniinae) for it. Hennig (1958) provided
additional information on the female and ranked it as a

full family near the Lauxaniidae and Chamaemyiidae.
J. F. McAlpine (1968) published a detailed description of
the male lectotype and indicated that it is perhaps related
to the Ropalomeridae and Lauxaniidae. Griftrths (1912)
placed it as a sister group of the Chamaemyiidae.

On the basis of the wing venation (short A,), the rela-
tively long tergite 6 in the male, and the nature of the
male terminalia, I am now convinced it belongs in the
Lauxanioidea. As indicated above, two characters, i.e. the
shape of the metepisternum and the presence of a met-
episternal setula, appear to align it definitely with the
Lauxaniidae and Celyphidae (but not with the Ropalo-
meridae). It agrees with the Chamaemyiidae in lacking
preapical dorsal tibial bristles and in having four sper-
mathecae, but both these conditions were probably ar-
rived at independently from those in the Chamaemyiidae.
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The following characters of Eurychoromyia Hendel
are apomorhic with respect to the ground plan of the
Lauxanioidea:

- main bristles of head and thorax reduced or lost;

- fronto-orbital plates broadly enlarged, largely obliter-
ating the frontal vitta;

- fronto-orbital plate demarcated from parafacial area
by a lateral extension ofthe ptilinal suture;
face strongly convex;

- ocellar triangle small, ocelli very closely crowded
together;
scape elongate, longer than pedicel;

- proboscis stout with broad labella;
mesonotum broader than long;
pleuron short, higher than long;
precoxal bridge present;

- black costal setulae reduced:
abdomen short and broad, dorsoventrally compressed;

- preapical dorsal tibial bristles lost;

- hind tibia broadened and flattened;

- gonopods and parameres indistinguishably fused and
greatly reduced;

- aedeagal apodeme absent; and

- four spermathecae present.

The first l2 of these characters are shared with the
Celyphidae, and quite possibly many of them are true
synapomorphies. If such is the case, the Eurychoromyi-
idae could be considered the older sister group of the
Celyphidae, and both families together would comprise
the sister group of the Lauxaniidae (Fig. 116.4). The
male of Eurychoromyia is more generalized than any
Celyphidae in retaining a relatively Iarge sternite 6, a dis-
crete remnant of tergite 8, and a well-developed aedeagus.
It is more derived than anv Celvohidae in the last four
characters listed.

Celyphidae. In this family the scutellum ls enor-
mously enlarged, sometimes completely covering the ab-
domen, and, in repose, the wings are folded beneath this
strongly convex scutellum. These attributes give the adult
fly a general appearance remarkably similar to a small,
broadly oval beetle. A separate family-group name was
proposed by Bigot (1852). The family comprises about 90
species in seven genera, i.e. Acelyphus Malloch (Orien-
tal), Afrocelyplrus Vanschuytbroeck (African), Celyphus
Dalman, with four subgenera, Chamaecelyphus Frey
(African), Idioscelyphus Malloch (Oriental),
Oocelyphus Chen (Oriental), and Spaniocelyphus Hen-
del (African and Oriental). Distribution is tropical, pre-
dominantly in the Oriental region, but about 15 species
and two endemic genera are known in Africa. Adults fre-
quent moist habitats, and the larvae feed on decaying veg-
etation. No fossils are known.

There is no doubt that the Celyphidae and Lauxaniidae
are closely related (Malloch 1929; Frey 1941b1, Hennig
1958; Tenorio 1969, 1972; Griffiths 1972). Mosl early
authors treated them as a subordinate group of the Laux-
aniidae, which course was also followed by Griliiths
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(1912). However, in the most extensive analysis of the
family yet made, Tenorio (1972) concluded that "this
group of odd beetle-like flies is both unique and discrete
enough to deserve family distin,;tion," and since then sep-

arate family ranking has usually been adopted (Tenorio
1979, Miller 1980b, Bickel 19812).

As indicated under the Eurychoromyiidae, some l2
apomorphic characters are shared by that family and the
Celyphidae, which possibly supports the idea that the
Celyphidae is the apotypic sistor group of the Eurychoro-
myiidae. The following autapc,morphies of the Celyphi-
dae vouch for its monophyly:

scutellum greatiy enlarged;

- arista arising subapically on first flagellomere;

- aedeagus largely to entirellr replaced by fused gono-
pods and parameres; and

- hypandrium with anteromedian area atrophied.

ln addition, the following apomorphic tendencies are
characteristic within the family: arista usually widened
and flattened at base; clypeus often much enlarged and
protruding; crossvein bm-cu commonly absent; longitudi-
nal sutures sometimes formed in the borders of the ante-
rior abdominal tergites (so that each of tergites 1 to 3 are
sometimes divided into a dorsal and two lateral plates);
and body color commonly brilliant metallic blue, green, or
violet.

It may be significant that certain of the peculiarities of
the Celyphidae also occur sporadically in the Lauxani-
idae, probably as a result of convergent evolution. For
example, the scutellum is enlarged just as in the Celyphi-
dac in the Neotropical genus Celypholauxania Hendel,
but that genus clearly adheres to the lauxaniid paltern in
other respects; both the Australian genus Cerataulina
Hendel and the Papuan genus,, Kerttziel/a Hendel have
the base of the arista widenedl and flattened as in most
Celyphidae, but again both genera clearly belong to the
Lauxaniidae rather than to the Celyphidae. The possibil-
ity remains that the Celyphidae are in fact a subgroup of
the Lauxaniidae, but, until this is clearly demonstrated, it
seems prudent to continue to treat them as a separate
family.

Chamaemyiidae. Memberrs of this iamily (J. F.
McAlpine, Ch. 88) are often referred to as aphid-killing
flies or silver flies because the larvae (and some of the
adults) feed on aphidoid insects; and the adults are usually
a dense silvery gray in color. Distribution is cosmopolitan.
The larvae, especially, are uselul in the control of aphids
and coccids, and, because of deliberate and accidental in-
troductions, many species occur in more than one zoogeo-
graphical region. The family comprises about 180 de-
scribed species in about 20 genera and subgenera in two
subfamilies, the Cremifaniinae and Chamaemyiinae. The
taxonomy of most genera is pcorly known. Except in the
Palearctic region, for which about I 23 species are listed
(Tanasijtschuk 1984), probably less than half of the spe-

cies are yet described. The vast majority of species belong
to the genus Leucopis and its va.rious subgenera.
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The family name, Chamaemyiidae, is based on Hen-
del's ( 1910) proposal of the family-group name Chamae-
myiinae. This name is founded on Chantaemyia Meigen
(Meigen 1803). a senior synon5m ol Ochtiphita Faien
(Fall6n 1823). Prior to Hendel's proposal, rhe family-
group name Ochthiphilinae, proposed by Schiner (1862,
pp. VI and XIV) and founded on Ochtiphila (emended as
Ochthiphila), and Ochtidae Fall6n (Fall6n 1823)
(emended as Ochthiphilinae) was applied to the samc
group. The change in name by Hendel was because of the
priority of Chamaemyia over Ochthiphila, and after his
proposal both names were often used either preferentially
or as equivalents. In response to a petition from J. F.
McAlpine and Sabrosky (1965), the International Com-
mission on Zoological Nomenclature ( I 968, Opinion 847)
declared Chamaemyiidae as the official name ol the
family.

Hendel (1916) was the first to rank the group as a scpa-
rate family, which ranking is now generally accepted. At
first, Malloch (1921) treated it as a subfamily of the
Agromyzidae, but later he (Malloch 1930b,1933a, 1940)
allied it with the Lauxaniidae and Sciomyzidae. The con-
sensus now is that the family belongs to the superfamily
Lauxanioidea (Hennig 1958, 1965b, I 973; Griffiths
1972). Cerlainly its ground-plan characters include rnost
of those listed for the Lauxanioidea (Table 116.4). The
following characters in the ground plan of thc Chamae-
myiidae (including the Cremifaniinae) are apomorphic
(or apo-oecal) with respect to the ground plan of thc
Lauxanioidea:

larvae predaceous on aphidoid insects;

-hypopharyngeal and tentoropharyngeal sclerites
fused;

- parastomal bar fused with hypopharyngeal sclerite;
interspiracular hairs of posterior spiracles
unbranched;
aristomere 3 relatively short (Hennig 1965b);

- prosternum bare;

- proanepimeral bristle absent;
R, flexed toward apical bend of Sc;

- A, abruptly abbreviated, not attaining wing mlrgin;

- preapical dorsal tibial bristles absent;

- body heavily silvery gray pruinose; and

- tergite 6 of males less than half as long as tergitc 5.

The subfamily Cremilaniinae contains at least three
extant species, Cremifania nigrocellulata Czerny from
Europe (introduced in North America), C. nearctica
McAlpine from western North America, and an undc-
scribed species lrom Mexico, and onc fossil species, Pro-
cremiJania electrica Hennig from Baltic amber. The fos-
sil species is quite similar to C. nigrocellulata and to thc
undescribed Mexican species, but, becausc of its larger,
nearly round eye and its slightly convergent postocellar
setulae, Hennig (1965b) bclieved it bclongs to the ances-
tral group of Cremifaniinae. Hennig (1965b) strongly
agreed with my assumption (J. F. McAlpine 1963) that
CremiJania is more closely related to the remaining gen-
era of Chamaemyiidae than to any other group of the
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Chamaemyiinae. This viewpoint is supported by the l2
synapomorphies previously tabulated.

The ground plan of the Cremifaniinae differs from that
of the Chamaemyiinae in the following respects:

1. Three pairs of chromosomes (2n : 6) are present
(2n : l2 in Chamaemyiinae).

2. Postocellar bristles are weak or absent (present and
{onvergent in Chamaemyiinae).

3. Pterostigmal space is long, subequal in length to cell
c (less than one quarter as long as cell c in
Chamaemyiinae).

4. Surstylus articulates freely with epandrium (fused
or absent in Chamaemyiinae).

5. Epandrium has an anterior process (absent in
C hamaemyiinae).

6. Aedeagus is flexible, armed with various processes,
and capable of being swung through a wide arc
against aedeagal apodeme (rigid and in a fixed
posteroventral position in Chamaemyiinae).

1 . Epiphallus is present (absent in Chamaemyiinae).

8. Aedeagal apodeme is rod-like and free from hypan-
drium (fultelliform and fused with hypandrium in
C hamaemyiinac).

The first two of these characters are probably autapo-
morphies of the Cremifaniinae. Characters 3, 4, and 6 are
plesiomorphic conditions that occu r frequently
throughout the Muscomorpha. Character 5 occurs spo-
radically, but is especially characteristic ol Dryomyzidae,
most Helosciomyzidae, and Phaeomyiinae. Characters 6

and 7 appear, disappear, and reappear frequently
throughout the Muscomorpha and their significance here
is uncertain. The absence of a proanepisternal bristle in
the Cremifaniinae was mentioned by Hennig (1965b) as

an autapomorphic character; this character is shared with
all other Chamaemyiidae except Pseudoleucopis Malloch
from Australia. It is uncertain whether the occurrence of
a proanepisternal bristle in Pseudoleucopis is a plesio-
morphic or pseudoplesiomorphic ( : special case of apo-
morphy, Hennig l9lla, p. 25) feature; if the latter, then
the absence of this bristle in the Cremfaniinae is a synapo-
morphy between it and the Chamaemyiinae; if not, the
presence of it in Pseudoleucopis is an autapomorphy of
that genus.

At this point it is appropriate to indicate that the sepa-
rate condition of the three spermathecal ducts in C. nigro-
cellulata illustrated by me (J. F. McAlpine 1963) is
probably based on an aberrant specimen. Examination of
additional specimens of the same species has shown that
the duct leading from the smallest spermatheca joins the
larger duct before it enters the oviduct, i.e. only two ducts
directly enter the oviduct as in all other Acalyptratae
studied.
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Griffiths (1972) treated the Cremifaniinae as a sepa-
rate family with no indication of its sister group. He as-
signed it to the Sciomyzoidea, rather than to the Laux-
anioidea, because the male segments 6 to 8 are
asymmetric and the aedeagus has well-differentiated
sclerites (paraphalli) in its walls and is able to be swung
through a wide arc against the aedeagal apodeme into an
anteriorly directed position. He excluded it from the
Lauxanioidea because he believed that the conditions of
these characters in the ground plan of the Lauxanioidea
could not be derived from the basic oattern of the Scio-
myzoidea. According to Griffiths, in fhe basic plan of the
Lauxanioidea:

- the pregenital and genital segments are symmetric;

- tergite 6 is similar in length to tergite 5;
tergite 7 is a well-developed dorsal tergite;

- sternite 8 and tergite 8 are absent; and

- the aedeagus is a uniformly sclerotized structure up-
curved along most of its length and always directed
more or less posteriorly in relation to the longitudinal
axis of the insect, i.e. not able to be swung through a
wide arc against the aedeagal apodeme.

My investigations of the Lauxanioidea resulted in three
findings. First, the pregenital segments are in fact basi-
cally asymmetric. Second, the sclerite that Griffrths called
tergite 7 is in fact syntergosternite 7 + 8. Third, the ae-
deagus in the ground plan of Lauxanioidea might be a
complex structure, fundamentally rather similar to that
found in Cremifania (compare for example, the aedeagi
of Homoneura johnsoni Miller and Camptctprosopella
boreqlis Shewell). I still consider it possible that the plesi-
omorphic characters of Cremifania reflect similar
ground-plan conditions for the Lauxanioidea as a whole,
and that its many points of agreement with other Cha-
maemyrrdae are true synapomorphies. The points ol
agreement between it and certain groups assigned to the
Sciomyzoidea may, in fact, be the result of parallei or
convergent evolution. Pending a convincing demonstra-
tion of a sister-group relationship between Cremifania
and some other group, I consider it best to continue to
treat it as an older subfamilv of Chamaemviidae.

The Chamaemyiinae comprises two tribes: the tribe
Chamaemyiini containing Acrctmetopia Schiner, Chae-
toleucopis Malloch, Chamaemyia Meigen, Melanoch-
tliphila Frey, Parapamecia Cogan, parochthiphila
Czerny (with two subgenera, Euestelia Enderlein and
Parochthiphila sens. str.), Plunomia Curran, pseudo-
dinia Coquillett, Pseudoleucopis, and Toropamecia Co-
gan; and the tribe Leucopini containing Leucopis (with
seven subgenera, Indioleucopis Steyskal, Leucopella
Malloch, Leucopis sens. str., Leucopomyirz Malloch,
Metaleucopis Tanasijtschuk, IYeoleucoprs Malloch, and
Xenoleucopis Malloch), Lipoleucopis de Meijere, and
Melaleucopis Sabrosky. No fossil representative of either
tribe is known.
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Synapomorphic characters of the Chamaemyiinae with
respect to the ground plan of the family include:

epandrium without discrete surstyli;

- aedeagal apodeme fused to hypandrium
(fultelliform);

- aedeagal uniformly sclerotized, rigid, and posteroven-
trally directed; and
four spermathecae present.

The ground plan of the tribe Chamaemyiini is more
generalized than that of the L?ucopini in a number of re-
spects: the lunule is relatively narrow and bare, the frons
is less densely setulose, two wr:ll-developed fronto-orbital
bristles are present, the ocellar and postocellar bristles are
well developed, vein A, exten<1s well beyond its juncture
with CuA, and tergite 6 of the male is present and dis-
crete. The only conspicuous autapomorphic character of
the Chamaemyiini (synapomorphic character of the com-
ponent genera) that I have noted is the relatively greater
reduction of the gonopods; in the Chamaemyiini they are
much shorter and less discrete than the parameres,
whereas in the Leucopini they are more or less equal in
length and discreteness to the parameres. Autapomorphic
characters of the Leucopini (synapomorphies of the com-
ponent genera) are as follows:

- lunule broadly exposed and setulose;
ocellar and postocellar bristles reduced or absent;

- fronto-orbital bristles reduced or absent;
A, atrophied beyond juncture of CuAr; and

- tergite 6 of male lost or fused with syntergosternite
7+8.

One ground-plan character of the Leucopini that re-
mained more generalized than in the Chamaemyiini is the
relatively greater length and discreteness of the gonopods.

It should be noted here that the genus Paraleucopis
Malloch, which heretofore has been placed in Chamae-
myiidae (Steyskal 1971, 1981; J. F. McAlpine, Ch. 88)
actually belongs in the Asteioinea along with two other
closely related genera, Gayomyia Malloch and Schizosto-
myia Malloch, from Chile (see discussion under
Asteiidae).

Superfami ly Sciomyzoidea

Besides five long-standing eLnd well-established fami-
lies: the Coelopidae, Dryomyzidae (including the Helco-
myzinae), Sciomyzidae (provisionally including the
Phaeomyiinae and Huttonininae), Ropalomeridae, and
Sepsidae, the Sciomyzoidea (Fig. 116.4) also contains the
Helosciomyzidae. The latter vras recently raised from a
subfamilial status in the Sciomyzidae to a separate family
(Griffiths I 972, Barnes 1981).

The oldest family-group name applicable to this group
is Sciomyzides (Fall6n 1820d); hence, Sciomyzoidea is
the correct superfamily name to use.

For the most part, this grouping of families is one of the
least contentious of all the superfamilies of the Acalyp-
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tratae. Hennig's (1958) concept of it differed little from
that of Hendel (1916). I was wrong earlier (J. F. McAl-
pine 1963) in including the Periscelididae in this complex,
for, as shown later, it belongs in the Asteioinea and has
nothing to do with the Sciomyzoidea. Colless and D. K.
McAlpine (1970) piace the Coelopidae in the Hcleo-
myzoidea (: Sphaeroceroidea); later, however, they
(Colless and D. K. McAlpine 1975) removed it to the
Sciomyzoidea. As discussed under the previous superfam-
ily, the Sciomyzoidea is considered to be the sistcr group
of the Lauxanioidea. Grifliths (1972]r treated the Scio-
myzoidea (as prefamily Sciomyzoinea of his superfamily
Muscoidea) as the sister group of his prefamily Diopso-
inea (Diopsidae * Syringogastridae) and included with
it the Cremifaniinae (as family Cremifaniidae) and the
Megamerinidae. Perhaps the idea that the Cremfaniinae
belongs to the Sciomyzoidea has some merit (see discus-
sion under Chamaemyiidae), but I see no justification for
removing the Megamerinidae from the Diopsoidea (see
discussion under Superfamil,v Diopsoidea) to the
Sciomyzoidea.

The ground plan of the Sciomyzoidea is characterized
by the same suite of plesiomorphic characters that occurs
in the Lauxanioidea: vibrissa absent; C unbroken; Sc
complete; cells bm, dm, and cup discrete; female with
three spermathecae and simple tubular terrninalia; and
male with freely articulated surstyli. The Sciomyzoidea
remained even more plesiotypic than the Lauxanioidea in
retaining in its ground plan divergent postocellar bristles.
a complete A,, and a discrete remnant of tergite 8 in the
male. Characters in the ground plans ol both thc Scio-
myzoidea and the Lauxanioidea that are apomorphic u'ith
respect to the ground plan of the Acalyptratae are com-
pared in Table 116.4. Most, if not all, of the hrst nine
characters listed may be considered as synapomorphies of
the two superfamilies. Only three rather weak apo-
morphies, as foilows, are exclusive to the Sciomyzoidea:

- frontal vitta relatively densely and strongly setulose;
face desclerotized along vertical midline; and

- tergite 6 of male relatively reduced.

These three characters provide the best evidence I can
offer as proof of the monophyly of the Sciomyzoidea. Cer-
tainly, more work is needed in this respect. I agrcc with
Griffiths (1912) that the shortened condition of tergite 6

in the male is particularly significant, but even that char-
acter varies considerably within component families,
which perhaps indicates that it was nearly as long in the
ground plan of the Sciomyzoidea as it was in the ground
plan of the Lauxanioidea. Barnes (1981) tabulated the
distribution of many important characters in thc higher
taxa ol the Sciomyzoidea and provided the best founda-
tion to date for interpreting the evolutionary relationships
of these groups. Aithough his idcas regarding thc cladis-
tics of these taxa are perhaps inferred in the way he ar-
ranged them, and in his discussion, he declined to provide
a cladogram.

Coelopidae. This well-marked, monophyletic family
(Vockeroth, Ch. 82) of the Sciomyzoidea was originally
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called Phycodromidae (Osten Sacken 1878, Williston
1896, Becker et a|.1905, Aldrich 1905), based on Phy-
codromia Stenhammar (Stenhammar 1854) (: Malaco-
myia Halidav I 8a0). The name Coelopidae has been gen-

erally accepted (except Miller 1950) since Hendel's
( I 9 I 0) proposal of Coelopinae. In the interests of stabii-
ity, usage of Coelopidae should be continued. No diver-
gent opinion has ever been expressed, but the matter has

never been referred to the Commission for a formal
ruling.

In the ground plan of the Coelopidae, a more complete
set of the sclerites of the male terminalia were retained
than in any other representative of the Sciomyzoidea. The
tergites and sternites of segments 6 to 8 are unusually
clearly defined (Fig. 82.5), and the vestiges of tergites 7

and 8 are particularly large and discrete. On this basis the
family can be considered the older sister group of the re-
mainder of the Sciomyzoidea.

The following features are apomorphic with respect to
the ground plan of the Sciomyzoidea:

- body more or less flattened on dorsum;

- frons and face more or less secondarily sclerotized in
middle;

- postocellar bristle convergent;
Iaterotergite strongly protruding;

- metepisternum convex and broadly spinulose;
posterior margin of wing folded under (Fig. 82.2);
femora swollen;
legs strongly bristled; and

- tarsomere I of fore tarsus of male with a thumbnail-
like apicoventral process.

As now defined (Vockeroth, Ch. 82), the Coelopidae
contains about 30 species divided among 10 genera: Coe-
lopa Meigen, Coelopina Malloch, Malacomyia Haliday,
Protocoelopa Malloch, Coelopella Malloch, Dasycoe-
lopa Malloch, Chaetocoelopa Malloch, Baeopterus
Lamb. Icaridion Lamb, and one undescribed genus.

Grifhths (1912) included Heterocheila Rondani (: Oe-

doparea Loew), but it belongs to the Dryomyzidae (Stey-
skal, Ch. 83) on the basis of divcrgent postocellar bristles,
presencc of a precoxal bridge, the absence of metepister-
nal soinulae. and the structure of the male terminalia.
Hardy (1962) included Apataenus Eaton in the Coelopi-
dae, but that genus belongs to Tethinidae (Vockeroth,
ch. 101 ).

Coelopa occurs in the Holarctic and Ethiopian regions
and in Micronesia Coelopirzrz occurs in the southwestern
Nearctic region; Malacomyia occurs in the western Pal-
earctic region; seven genera occur only in Australia, New
Zealand, and Antarctica. The best key to world genera is

by Malloch (1933b), but it does not include Baeopterus
and lcaridion. Harrison's (1959) key includes both these
genera but incorrectly refers some fully winged species of
Icaridionlo Coelopa. No fossiis are known.

Dryomyzidae. The traditional concept of this family
is adopted here (Steyskal, Ch. 83), wherein it is composcd
of two subfamilies, the Dryomyzinae and Helcomyzinac.
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Griffiths (1912) accepted this same definition, except that
he incorrectly removed the genus Heterocheila from the
Helcomyzinae to the Coelopidae, It should be no1ed, how-
ever, that many recent authors (Steyskal 1957b, 1958;
J. F. McAlpine 1963; Colless and D. K. McAlpine 1970;
Barnes 1981) have followed Malloch's (1933a) proposal
to treat the Helcomyzinae as a separate family. The fam-
ily name, Dryomyzidae, apparently dates from Schiner's
(l 862, p. 38) proposal of Dryomyzinae.

The following ground-plan characters of both subfami-
lies are apomorphic with respect to the ground plan of the
Sciomyzoidea:

- tarsomere I of the male hind tarsi with a thumbnail-
like process, as in Coelopidae (lost in Heterocheila);
tergite 8 of male atrophied, as in all Sciomyzoidea
except the Coelopidae and some Phaeomyiinae;

- anterior epandrial process present, as in the Heloscio-
myzidae (reduced in Heterocheila and in the ground
plan of the Sciomyzidae); and

- gonopod and paramerejuxtaposed (Fig. 83.7).

I do not include the densely haired condition of the ae-
deagus, as found in the Dryomyzinae (Grilfiths 1972,
Barnes 1981 ), as a ground-plan feature of the family. It is
more probable that the simpler type of aedeagus found in
the Helcomyzinae is closer to the ground-plan condition
for the family as a whole. Also, I consider that the large,
fan-like, basal lobes on the aedeagus of Heterocheila con-
stitute an autapomorphic character of that genus.

In the ground plan of the subfamily Dryomyzinae the
prosternum remained narrow and separated from the pro-
pleuron, C remained nonspinose, crossvein dm-cu and
CuA, remained well separated, and three spermathecae
were retalneo.

One apomorphic character that seems to hold for this
subfamily is the loss of metasternal setulae; the metaster-
nal area is bare in all species examined. In general, the
Dryomyzinae are less hairy throughout than the Helco-
myzinae. Abdominal spiracles 2to 5 are usually enclosed
in the margins of the tergites, but this character is not so
in at least one species of Oedoparena Curran (O. minor
Suwa from Japan), and in the fossil species Prodryomyza
electrica Hennig. This subfamily contains about 20 spe-
cies in two extant genera. Dryontyza Fall6n is widespread
and common, and Oedoparena occlrs only on Pacific
coasts. Two fossil specir:s in Baltic amber, Palaeotimia
l'hoesti Meunier and P. electrica Hennig (Hennig 1965b,
1969b), also appear to belong to the Dryomyzinae.

The subfamily Heleomyzinae retained a hairier condi-
tion throughout, including a setulose metasternal area,
but the following apomorphies are present in the ground
plan:

prosternum triangular with well-developed precoxal
bridge;
crossvein dm-cu almost in line with CuA,; and

- two spermathecae prcsent.
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This subfamily contains about l0 species in 4 genera,
all of which are restricted to rnarine coasts. Two genera,
Helcomyza Curtis and Helerocheila are Holarctic and
each contains one Nearctic and one Palearctic spccies.
Paractora Bigot has four species in extreme southern
South America and possibly one on Macquarie lsland;
Maorimyia Tonnoir & Malloch has one species in New
Zealand.

Helosciomyzidae. This little family contains 23 spe-

cies in 9 genera (Barnes 198 1), most of which were for
many years classified with the Sciomyzidae. The family
occurs only in Australia, Tasmania, New Zealand, and
South America, and most members have highly restricted
relict distributions. Steyskal ( 11965) proposed the subfam-
ily Helosciomyzinae (in Sciomyzidae) for three genera,
Helosciomyza Hendel, Polytocus Lamb, and Xenoscio-
myza Tonnoir & Malloch, primarily on the basis of their
having C spinose, postocellar bristles parallel or nearly so,

and three spermathecae. Griffiths (1912) raised the Helo-
sciomyzinae to family rank, but included in it the subfam-
ily Huttonininae from the Sciomyzidae. Barnes (1919)
separated the Huttonininae from the Helosciomyzidae to
contain the three genera referred to it by Steyskal (1965),
plus five new genera: Cobergius Barnes, Dasysciomyza
Barnes, Napaeosciomyza Barnes, Neosciomyza Barnes,
and Scordalas Barnes, from A,ustralia and New Zealand.
He also included for the first time the peculiar South
American genus Sciogriphon'eura Malloch. Barnes con-
cept of the family appears to tre taxonomically sound and
is accepted here.

Most members of the Helosrciomyzidae possess the fol-
lowing conditions, regarded as apomorphic with respect to
the ground plan of the Sciomy:zoidea:

C with at least one row of crostal spines;
R, bare above:

- epandrium with an anterior process (lost in some He-
losciomyza spp., Scordalus Jbmoratus (Tonnoir &
Malloch), and Xenosciom.yza prima Tonnoir & Mal-
loch); and
surstylus with a basal surstylar process (lost in Helo-
sciomyza, Eurolocus iiteyskal, and Scordalus
Barnes).

All four of these characters also occur in at least some
members of the Dryomyzidae, which would seem to indi-
cate that the Helosciomyzidae is possibly more closely re-
lated to the Dryomyzidae than tc any other Sciomyz-
oidea. However. at least the first two characters are unl-
versally established in the Helosciomyzidae, and together
they provide an autapomorphic combination of charac-
ters. Also, the Dryomyzidae has apomorphic conditions
that are unknown in the Helosciomyzidae. For example, a

thumbnail-like process is present on at least tarsomere I

of the male hind tarsus, and the gonopods and parameres
are peculiarly placed in a side-by-side position. i.e. juxta-
posed. Because Helosciomyziilae shares peculiarities with
both subfamilies of the Dryomyzidae and does not seem to
be more closely related to either one, it seems best to re-
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gard it as the sister group of Dryomyzidae as a whole as
proposed by Barnes ( l98l ). No fossils are known.

Sciomyzidae. This family (Knutson, Ch. 84) is read-
ily distinguished from its relatives by the following com-
bination of characters: C without costal breaks and not
spinose; Sc complete, free from R,; cell M open not nar-
rowed apically (except in some Salticcllinae); A, com-
plete (except in Huttonininae); oral vibrissa absent; post-
verticals divergent to parallel; mid fcmur with a bristle
near middle of anterior surface: and one or more tibiae
with a preapical dorsal bristle. As in most families of the
Sciomyzoidea, the morphological characters oi the Scio-
myzidae remained relatively close to the basic plan of the
Schizophora, and, although it has a uniquc combination
of characters to differentiate it from related families. little
autapomorphic evidence (synapomorphies of the includ-
ing taxa) has yet been advanced to conllrm its monophyly.

Unlike most Sciomyzoidea, the clypeus is relatively
small, withdrawn, and separated from the anterior mar-
gin of the face by a large membranous area; this character
seems to constitute an autapomorphic condition for the
whole family (J. F. McAlpine 1963, Hennig 1965b,
Griffiths 1912, Barnes 1979). The strongest indication
that the Sciomyzidae, in the strict sense, are mono-
phyletic is the fact that their larvae feed only on aquatic
and terrestrial Mollusca. This one is certainly a derived
(autapo-oecal) character with respect to the ground plan
of the Sciomyzoidea and the Diptera as a whole.

As indicated under the introduction to the superfamily
Sciomyzoidea, Sciomyzides (Fall6n \820d) is the oldest
family-group name applicable to the family; therefore
Sciomyzidae is the correct name to use. Other group
names proposed within the family were listed by Steyskal
( r e65).

Modern papers treating the limits and subdivisions of
the Sciomyzidae (Verbeke 1950, 1961; Hennig 1965b,
1973; Steyskal i 965; Griliths 1972) were summarized by
Berg and Knutson (1978). Four subfamilies are now usu-
ally recognized, basically as proposed by Steyskal (1965),
except that his subfamily Helosciomyzinae was redefined
and is now ranked as a separate family (as described ear-
lier). The remaining four subfamilies are as follows: Salti-
cellinae contains three species in two genera! Salticella
Robineau-Desvoidy (Palearctic and South African) and
the fossil Prosalticella succini Hennig (Hennig 1965b);
Phaeomyiinae contains three extant species in one genus
Pelidnoptera Rondani (: Phaeomyia Schiner) (Paiearc-
tic), and one fossil, Prophaeomyia loewi Hennig (Hennig
1965b); the Huttonininae contains nine species in two
genera (each representing a different tribe), Prosochaeta
Malloch and Huttonina Tonnoir & Malloch (New Zea-
land); the Sciomyzinae contains about 500 species, in-
cluding several fossils (Hennig 1965b) and represent
about 60 genera and two tribes (cosmopolitan).

Barnes (1919,1981) provided the best and most accu-
rate tabulation of the distribution of imoortant characters
in the Sciomyzidae and Sciomyzoidea and clearly estab-
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lished the synapomorphies and autapomorphies of all
these "subfamilies." Although he did a better job than
anyone else in establishing them as monophyletic units, he
declined to present either a cladistic interpretation or a

phylogenetic classifi cation.

The monophyly of the Salticellinae and Sciomyzinae
(:Sciomyzidae sensu Griffiths 1972) was well demon-
strated (Knutson et al.1910, Griffiths 1972). Knutson et
al. (1970) believed that the group consisting of the Salti-
cellinae, Sciomyzinae, and Phaeomyiinae rs mono-
phyletic, but Grilhths (1912) treated the Phaeomyiinae as

a separate family because its only extant genus, Pelidnop-
/era, seemed to him to be as closely related to the Coelopi-
dae or the Dryomyzidae as to the Sciomyzidae. Barnes
(1919,1981), however, continued to treat the Phaeomyi-
inae as a subfamily of the Sciomyzidae. He considered
that the small size of the clypeus and its separation from
the face by a large, membranous area are synapomorphic
features, which support the opinion that the Phaeomyi-
inae, Salticellinae, and Sciomyzinae are monophyletic,
but he left the final conclusion open. If these three subfa-
miles do prove to be monophyletic, the Phaeomyiinae is

almost certainly the older sister group ol the other two, for
unlike them it retained a relatively large remnant of ter-
gite 8 in the male (as in Coelopidae) and three spermathe-
cae in the female. No obvious synapomorphies exist
between the Phaeomyiinae and Coelopidae, but the male
terminalia of the Phaeomyiinae agree with those of the
Dryomyzidae in two derived respects; i.e. a well-devel-
oped anterior epandrial process is present, and the gono-
pods and parameres are peculiarly juxtaposed. However,
the first of these characters also occurs in most Heloscio-
myzidae and in the Cremifaniinae, and the possibility
that one or both may occur in some Sciomyzinae should
be researched carefully. It is perhaps also worth noting
that at least some members of the Phaeomyiinae agree
with the Salticellinae in two distinctive ways: first, CuA,
is sinuate in the three extant species, and in two of them,
Pelidnoptera fumipennis (Zetterstedt) and P. Juscipennis
(Meigen), there is a small ventroapical extension in cell
cup. Second, the copulatory posture of P. fumipennis, at
least, is similar to that of Salticella Jasciata (Meigen),
but quite different from that of any other Sciomyzoidea
(Knutson et al.1970).

Thus, the alinities of the Phaeomyiinae to other groups
within the Sciomyzoidea and to other Sciomyzidae are
still uncertain, and more work is required to resolve the
matter. A finding that the larvae are malacophagous
would support a closer relationship within the Scio-
myzidae, but a finding otherwise would almost certainly
preclude their membership in the Sciomyzidae. If they do
not belong in the Sciomyzidae, they probably should be

ranked as a separate family, coordinate with the Helosci-
omyzidae, as proposed by Griliiths (1912).

The situation regarding the sister group and ranking of
the Huttonininae is much the same as for the Phaeomyi-
inae. Originally, most members of this "subfamily" were
included either with the Helosciomyzinae (Steyskal
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1965) or with the Helosciomyzidae (Griffiths 1972), but
Barnes (1979) removed them from there because he was
unable to find evidence to support a monophyletic group
that includes both those groups. He redefined the Hutto-
nininae to include the genus Prosochaeta (as tribe Proso-
chaetini) as well as Huttonina (as tribe Huttoninini) and
concluded that the cladistic relationshin of the Hutto-
nininae within the Sciomyzoidea is uncertain. Later, he
(Barnes l98l) noncommittally placed them between the
Dryomyzinae (as Dryomyzidae) and the Phaeomyiinae as
one of ten "well established monophyletic taxa that have
been placed in the Sciomyzoidea." Unlike the Phaeomyi-
inae, Salticellinae, and Sciomyzoidea, but like the Dryo-
myzinae and others, the clypeus is large and prominent.
Also, like the Dryomyzinae especially, the suture between
abdominal tergites 1 and 2 is indistinct. The habits of the
immature stages are unknown, and, just as for the Phaeo-
myiinae, such data would be highly significant. Clearly,
more work is also required to establish the precise place-
ment and ranking of the Huttonininae within the
Sciomyzoidea.

The Ropalomeridae * Sepsidae form a well-founded
monophyletic group within Sciomyzoidea (J. F. McAl-
pine 1963; Hennig 1965b, 191|a; Griffiths 1972; Barnes
1981). The following synapomorphies with respect to the
ground plan of the Sciomyzoidea confirm their sister-
group relationship:

midfacial area heavily sclerotized and prominent;

- one or more subvibrissal setae tending to be enlarged
and vibrissa-like:

- prosternum setulose;

- posterior thoracic spiracle with one or more distinct
setae on posterior margin:

- R. bare:

- A^ absent:
aedeagal apodeme fused to hypandrium, i.e. cunei-
form; and

- two spermathecae present.

The ancestor to the Ropalomeridae * Sepsidae was
probably the same or similar to the one that gave rise to
the Helosciomyzidae * Dryomyzidae + Sciomyzidae,
as a closer relationship to any particular one ofthose three
families cannot be demonstrated. It is noteworthy, how-
ever, that some of the ground-plan characters of the Coe-
lopidae that appear to have been lost in the Heloscio-
myzidae + Dryomyzidae * Sciomyzidae line were
retained in the ground plan of the Ropalomeridae * Sep-
sidae. These include a flattened scutellum, a strongly
bulging laterotergite, and a broadly setulose metepister-
num (lost in Sepsidae).

Ropalomeridae. This closely knit little family con-
sists of only I subfamily containing 8 genera and about 30
species (Steyskal, Ch. 85). lt is restricted to tropical and
subtropical America; only one species, Rhytidops florid-
ensis (Aldrich), has been found north of Mexico, and only
three species occur as far south as northern Argentina.
The larvae live in decaying vegetation or sap fluxes. The
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family name is based on Ropalomera Wiedemann
(Wiedemann 1824), not R,hopalomera (emendation);
separate family status was first proposed by Hendel
( I 91 6) (incorrectly spelled Rhopalomeridae). The family
was revised by Prado (1966) and cataloged by Steyskal
( 1967\.

The Ropalomeridae retained the following plesio-
morphic conditions with respoct to the ground plan of the
Sepsidae: metasternal area setulose (bare in Sepsidae);
A, reaching wing margin as a fold (incomplete in all Sep-
sidae except Protorygma Hennig); surstyli discrete and
freely articulated with epandrium; aedeagal apodeme in-
compietely fused with hypanclrium; abdominal spiracle 6
of male situated in membrane; abdominal sternite 7 of
male large; occasionally an ilbortive third spermatheca
present (Prado 1966); and in addition, CuA, is straight
(recurved in Sepsidae). a condition thar Hennig ( I 965b)
considered as plesiomorphic with respect to the recurved
condition in Sepsidae (see discussion under Sepsidae).

The family is well characterized by the following au-
tapomorphic conditions:

- upper frons and vertex deeply concave, eyes
protruding;

- face with a median protuberance;

- precoxal bridge developed;

- greater ampulla well developed;

- apical section of M bent forward in line with crossvein
dm-cu, and reaching wing margin anterior to apex of
wing;

- hind tibia laterally compressed, strongly expanded,
sabre-shaoed:

- sternite 6 bf male greatly rrlduced or absent; and

- basiphallus broadly expanded posteriorly forming a
pseudophypandrial bridge (this feature was misinter-
preted by Griffiths 1972 a:; a fusion of the hypandrial
arms).

No fossils are known.

Sepsidae. Members of this family (Steyskal, Ch. 86)
are sometimes called black scavenger flies because the
larvae live in excrement, carrion, sewage sludge, and de-
caying vegetation. The adults occur in large numbers
around the same filthy locatirrns and feed on nectar and
liquid extracts from dung and decaying organic matter.
The family comprises about 240 species in 2l genera
(Pont 1979) and is cosmopolLitan in distribution. Many
species occur on more than one continent and have proba-
bly spread in association with people and their livestock,
especially cattle.

The family name dates frcm Macquart's (1835) pro-
posal (as subtribe Sepsid6es, Slepsideae). Two subfamilies
are recognized here (Steyskal. Ch. 86): the Orygmatinae
contains only one Holarctic genus and species, Orygma
luctuosum Meigen, which lives in wrack along seashores,
and the Sepsinae contains three tribes, the Saltellini, Sep-
sini, and Toxopodini. The Saltellini includes only one
Holartic genus and species, Saltella sphondylii



| 454

(Schrank). The Toxopodini is restricted to the southern
parts of the Old World. The Sepsini has a wide distri-
bution and comprises most of the genera and species.

One fossil, Protorygma electrica Hennig (Hennig
1965b), was assigned by Hennig to the Sepsidae. Its in-
clusion here very much complicates the definition of the
family, because it exhibits certain fundamental condi-
tions, as follows, that do not occur in any other Sepsidae:

- a precoxal bridge is developed;

- R. is setulose:
A, is complete;
four fronto-orbital bristles are oresent: and

- abdominal spiracle 6 of the females is free in the
memorane.

Its membership in the Ropalomeridae 4 Sepsidae
group is firmly substantiated by two synapomorphic con-
ditions, i.e. distinct setae present on the hind margin of
the posterior thoracic spiracle and the absence of A' As
in the Ropalomeridae it has a precoxal bridge, which I
now agree is probably a synapomorphy. In addition, it has
a complete A, and abdominal spiracles 6 and 7 of the fe-
male are situated in the membrane. These are clearly ple-
siomorphic conditions shared with the Ropalomeridae
and with several other families of the Sciomyzoidea, but
not with the Sepsidae. As in the Sepsidae, CuA, is re-
curved, which may be a synapomorphy, but certainly the
same condition prevails throughout the Sciomyzoidea and
many other superfamilies. Hennig stressed this feature as
evidence for placing Protorygma Hennig in the Sepsidae,
in which he considered it to be the sister group of the re-
mainder of the family. In my opinion this evidence is not
conclusive for a sister-group relationship with the Seps-
idae. Plesiomorphically the head ol Protorygma is more
generalized than in either the Ropalomeridae or the Sep-
sidae (somewhat as in Helcomyzinae). The setose condi-
tion of R, (as in the ground pian of several sciomyzoid
families) is also a more plesiomorphic condition than the
bare condition found in both the Ropalomeridae and Sep-
sidae, and the female abdomen is generalized as in the
Coelopidae and Helcomyzinae.

Autapomorphically, Protorygma has three additional
pairs of fine lateroreclinate fronto-orbital setae and lacks
preapical dorsal tibial bristles. On the basis of these con-
siderations its placement in the Sepsidae should probably
be reassessed. Perhaps a better case can be made for con-
sidering it as the sister group of the Ropalomeridae *
Sepsidae. Even Hennig (1965b) himself expressed the
opinion that "no objection could be raised to derivation of
recent Ropalomeridae from Protory gma."

Excluding Protorygma, the Sepsidae show the follow-
ing autapomorphies:

face with a prominent median keel;

- palpi reduced;

- A, abbreviated, not reaching wing margin even as a
fold;

- abdominal spiracle 6 of male enclosed in tergite 6;
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- abdominal spiracles 6 and 1 of female enclosed in
t heir respective tergites:

- sternite 7 ofmale greatly reduced or absent; and

- surstyli fused with epandrium.

As shown by Hennig (1965b), Orygma Meigen repre-
sents the sister group of all remaining Sepsidae (exclud-
ing Protorygma). It is the only sepsid genus in which the
male retained a large tergite 6 and is also the only one in
which spiracles 7 of the male are situated in the
membrane.

Superfami ly Opomyzoidea

Thirteen families, comprising four subgroups (suprafa-
mlliae sensu K6ler 1963, Teilgruppen sensu Hennig
l9l1a, prefamilies sensu Griffirhs 1972), are assembled
here as follows:

Supralamily C lusioinea : Clusiidae
Acartophthalmidae

SuprafamilyAgromyzoinea: Odiniidae
Agromyzidae
Fergusoninidae

Suprafamily Opomyzoinea: Opomyzidae
Anthomyzidae

Suprafamily Asteioinea: Aulacigastridae
Periscelididae
Neurochaetidae
Teratomyzidae
Xenasteiidae
( : Tunisimyiidae)
Asteiidae

Many of these families have been listed previously ei-
ther as "unplaced families" (Stone et al. 1965), or as
"families with unclear aflrnities" (Hennig 1958, 1965b,
l91l a). Individually, most of them are relatively distinct
and readily dehnable. At the same time, each relates
rather clearly to one or more ofthe others, and, as a result,
the four named suprafamilies are also fairly clearly dif-
ferentiated. Most of these subgroups have been recog-
nized previously, usually as separate superfamilies (see

especially, D. K. McAlpine 1978). Proof for the supposed
monophyly of the whole assemblage has never been ad-
vanced, which is one of the main tasks of this section. The
cladistic arrangement arrived at for all the subgroups
(suprafamilies) and families is shown in Fig. I 16.5.

Opomyzidae is the oldest family name within this
group, having been first used in the form "Opomyzides"
by Fall6n (1820c). Thus, in accordance with articles 35

and 36 of the International Code of Zoological Nomen-
clature (Ride, Sabrosky, et al. 1985), Opomyzoidea has

priority over all the others as the superfamily name (D. K.
McAlpine 1978, Sabrosky personal commun.) For con-
venience, four suprafamily names, i.e. Clusioinea, Agro-
myzoinea, Opomyzoinea, and Asteioinea, have been em-
ployed in this superfamily. Although the same categorical
ranks occur in other superfamilies of the Muscomorpha, it
has not been found necessary to refer to them by formal
suprafamilial namgs.
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The most significant plesiomorphic characters in the
ground plan of the Opomyzoidea are as follows: larvae
saprophytic, probably under bark of trees; scape, pedicel,
and flagellum porrect, and main axis of antenna nearly
straight; scape setulose; pedicel with a dorsoapical notch;
distal membrane of pedicel deeply inserted into base of
flagellum; arista arising dorsoapically; postocellar bristles
divergent; fronto-orbital plate extending far forward;
frontal plate not, or weakly, differentiated from orbital
plate; four reclinate fronto-orbital bristles present; lateral
margins of frons setulose; two postalar bristles present;
postsutural intra-alar bristle absent; katepisternal bristles
present; anepisternum setulose; Sc attaining C, free from
R,;R, setulose dorsally; cell cup complete; alula and anal
angle well developed; preapical dorsal tibial bristles ab-
sent; precoxal bridge absent; abdomen with 7 spiracles in
both sexes; spiracles 1-5 in membrane; male with tergite
6 large and free; sternite 6 large and free; sternite 8 iarge
and haired; aedeagus flexible; epiphallus present; ae-

deagal apodeme rod-like, mostly free from hypandrium;
surstylus free, articulated with epandrium, unilobate;
sternite l0 plate-like, undivided medially; female with
tergites and sternites 6-8 simple, free from each other;
and cerci simple and free.

The task of distinguishing autapomorphic ground-plan
characters for the Opomyzoidea is complicated by the
great structural diversity shown within and between the
13 families and 4 suprafamilies involved. Thc difficulty is

increased by the rarity of, and consequent lack of
knowledge about, many component genera and families.
However, I believe that the following conditions, which
are apomorphic with regard to the ground plan of the
Acalyptratae, belong to the ground plan of the group.
Those that appear to be autapomorphic (synapomorphic
for the four suprafamilies) are marked (AA):

- hrst flagellomere short, discoid! more or less correct;
face membranized along vertical midline (secondarily
sclerotized in Agromyzoinea and most Asteioinea);
vibrissa present (secondarily reduced in some Opo-
myzoinea and some Asteioinea);

- wing contrastingly patterned (secondarily uniformly
clear in many groups) (AA);

- C incised at apex of Sc (secondarily entire, especially
in some Agromyzoinea and some Asteioinea);

- cell cup short, convexly closed, i.e. CuA, recurved on
A,:
A, not attaining wing margin (secondarily lengthened
in Teratomyzidae);
anepisternum with a raised ridge along upper poste-
rior margin (AA);

- katepisternal bristle present;

- metasternal area bare (secondarily setulose in some

Periscelididae);

- subscuteilum relativeiy strongly developed;

- male with tergite and sternite of segment 7 reduced,
fused with sternite 8 (AA);

- hypandrial bridge weak or absent (secondarily devel-
oped in Opomyzoinea);
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- female with intersegmental area between segments 7

and 8 elongate and densely spiculose; and

- spermathecae, two (except in some Asteioinea).

These conditions support the contention that the Opo-

myzoidea is, in fact, a monophyletic taxon. Its sister
group probably is the Carnoidea (see discussion under
Superfamily Carnoidea).

Suprafamily Clusioinea

This group (Fig. 1 16.5) contains only the Clusiidae and

Acartophthalmidae. Plesiomorphically it differs in its
ground plan from the remainder of the Opomyzoidea in
having the arista more or less apically placed, C weakly
broken at apex of Sc, and Sc widely separated from R,.
Apomorphic characters in its ground plan are:

pedicel with an angular lobe on outer distal margin
(reduced in some Clusiidae and in all
Acartophthalmidae);
anepisternum with one bristle near middle of posterior
margln;

- male with sternite 6 reduced; and

- female with two spermathecae (none in Acartophthal-
mus Czerny).

Clusiidae. This family is probably the most general-
ized (So6s, Ch. 70) of the Opomyzoidea, especially with
respect to the form and bristling ofthe head, the structure
ol the antenna, the shape and venation of the wing, and in
some features of the male and female terminalia. Autapo-
morphic characters in its ground plan include the
following:

- pedicel with a short, angular lobe on outer, distal mar-
gin (absent in some members);

- postocellar bristles arising close together (more

broadly separated in some representatives, absent in
others); and

- prosternum setulose.

The first of these characters is exclusive to the ground

olan of the Clusiidae but was lost several times within the
iamily. The relative closeness of the postocellar bristles to

each other seems to be accompanied by their weakening
and ultimate loss and replacement by fine' convergent
hairs. Probably vein C was weakened near the apex of Sc

in the ground plan, but this weakening is not always
clearly distinct. Hennig (1958) erroneously asserted that
C was uninterrupted in some Clusiidae and expressed the
belief that this character was a ground-plan condition.
However, I agree with D. K. McAlpine (1960) that it is

more or less incised near the apex of Sc in all Clusiidae,
and, consequently, I would expect this to reflect the
ground-plan condition. Perhaps the indistinct subcostal

break in some forms, including Acartophthalmus, is a
secondary condition as appears to be the case in the Peris-

celididae and Asteiidae. The male terminalia of the Clusi-
idae are extremely diverse (D. K. McAlpine 1960). Al-
most always, however, there are two separate pregenital
sclerites, tergite 6 and syntergosternite 7 + 8' It seems
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probable, also, that the aedeagus arose from a basal cone
somewhat similar to the type found in the Micropezoidea.
The aedeagus is usually long with simple to complex,
twisted, convoluted, or coiled distiphallus; the basiphallus
usually bears an epiphallus. The hypandrium is fre-
quently desclerotized centrally, and the hypandrial bridge
is usually weak or absent. The aedeagal apodeme is of the
elongate, cuneiform type. The surstylus is one- or two-
lobed. The cerci are usually small and simple.

Two subfamilies, the Clusiodinae, in which all lour
fronto-orbital bristles are reclinate, and the Clusiinae, in
which the anterior (lowermost) fronto-orbital bristle is
medioclinate, were proposed by Frey (1960). Although
both categories have been accepted by most workers, the
monophyly of both groups, especially the latter, rs unccr-
tain (Hennig 1965b). A thorough evolutionary study of
the entire family is needed.

Two fossil species, described from Baltic amber, are
known; Electroclusiodes meunieri (Hendel) and E. ra-
diospinosa Hennig (Hennig 1965b.lg69b). Anorher spe-
cies, also from Baltic amber. Acartoohthalmites terlia-
riae Hennig (Hennig 1965b, 1969b) which was originally
assigned to the Acartophthalmidae, probably also belongs
here (J. F. McAlpine, Ch.l1). A fourth amber species,
Xenanthomyza larssoni Hennig (Hennig 1967b), orig-
inally assigned to the Anthomyzidae, almost certainly
belongs to the Clusiidae (see discussion under
Anthomyzidae).

Acartophthalmidae. The status of this family (J. F.
McAlpine, Ch. 71) is dubious. Unril Hennig (1958)
raised it to family level, Acartophthalmus, containing
two Holarctic and one Palearctic species (Maca 1983),
was included in Clusiidae (usually as a subfamily). He
based this action on his opinion that "it cannot be proven
IhaI Acartophthalmus is more closely related to the Clu-
siidae than to other families of Acalyptratae." However,
he (Hennig 1965b,1911a,1973) never excluded rhe pos-
sibility that the Clusiidae and Acartophthalmidae are sis-
ter groups, and he always treated them as adjacent fami-
lies. One shared condition that I have noted is the absence
of a postsutural intra-alar bristle. This bristle is oresent in
the Agromyzoinea and its absence in Clusiidae and Acar-
tophthalmidae may be especially significant, even though
it is probably a plesiomorphic ground-plan character of
Acalyptratae and Opomyzoidea.

Similarities of the fossil species, A. tertiariae (Hennig
1965b, 1969b) to both Acartophthalmus and to certain
Neotropical genera of Clusiidae, e.g. Trichoclasia So6s,
Chaetoclusia Coquillett, and Chaetoclusiella So6s, indi-
cate that Acartophthalmus is more closely related to the
Clusiidae than to any other group. Acartophthalmites
Hennig corresponds with Acartophthalmus in having the
extension on the outer distal margin of the pedicel weak,
the prosternum very weakly haired (four very fine, short
hairs on each side in the specimen in Museum Compara-
tive Zoology, Cambridge, Hennig 19696 notwithstand-
ing), C with subcostal break (weakty present in the speci-
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men in Museum of Comparative Zoology, Cambridge,
Hennig 1969b notwithstandinlg), and Sc widely separated
from R,. The reduced extension on the pedicel and the
absence of or weakly developed subcostal break in both
genera could be regarded as secondary developments and,
therefore, as synapomorphic conditions. The weakly
haired prosternum, the weak subcostal break, and the
wide separation between Sc and R, are atypical of Clusi-
idae and support Hennig's association of Acartoph-
thalmites with Acartophthalnnus. However, on the basis
of the large size, brown-striped thorax, bare eyes, broad
gena, relatively closely placecl postocellar bristles, hairy
arista, distinct prescutellar acrostichal and proepisternal
bristles, presence of a subcostal break, absence of a hu-
meral break, setulose R,, and setulose prosternum, lcar-
tophthalmite.r corresponds better with the clusiid genera
mentioned than with Acartophthalmus. Perhaps Acar-
tophthalmus will ultimately br: shown to be a sister group
of a subgroup of the Clusiidae that contains Acartctph-
thalmites. Before this problem can be resolved the char-
acters and relationships of all clusiid genera need to be
thoroughly analyzed. In the rneantime, separate lamily
status is retained for Acartophthalmus (J. F. McAlpine,
Ch.7l), but it seems reasonably de{rnitc that its sister-
group relationship lies with the Clusiidae and not with ei-
ther the Chloropidae or the Carnidae as proposed by
Griflrths (1912]r.

Autapomorphic characters olAcartophthalmidae are:

- compound eye densely pubescent;
frons with three, instead of four, fronto-orbital
bristles;

- postocellar bristles widely s,3parated;

- C with humeral break only and relatively distant from
crossvein h:
spiracle 7 absent in both sexes;

- only one pregenital tergite complex in male, i.e. tergite
6 atrophied;

- ejaculatory apodeme very srnall; and

- female without sclerotized sDermathecae.

The remainder of the Opomyzoidea, i.e. the Agro-
myzoinea * Opomyzoinea * Asteioinea, comprises the
sister group of the Clusioinea. [iynapomorphic characters
in the ground plan of all three suprafamilies are:

arista dorsobasally situated;

- Sc with distal portion reducrld or absent, merging with
R,:
R, bare: and
epiphallus reduced or absent.

With respect to the first character, it is difllcult to as-
certain whether the dorsobasal situation of the arista has
resulted from either a shifting of the origin-point of the
arista or a lengthening of the lower margin of the first
flagellomere. In either case, ho,wever, we are dealing with
a condition that is apomorphicr in relation to the ground
plan of the Opomyzoidea.
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Supraf ami ly Agromyzoinea

This suprafamily consists of two sister groups, thc
Odiniidae and the Agromyzidac * Fergusoninidac
(Fig. 116.5). Plesiomorphically, as in the Clusioinea,
four fronto-orbital bristles were retained in the ground
plan, and tergite 6 in the male, though reduced, rcmained
separate from syntergosternite 7 + 8. The presence of
one bristle on the anepisternum and only two spermathe-
cae, two apomorphic characters of Clusioinea. are also
shared by the Agromyzoinea; these could be construed as

evidence that the Agromyzoinea alone is the sister group
of the Clusioinea, but I believe they are convergent devel-
opments in both groups. The reduced Sc in the Agro-
myzoinea argues against a direct connection with the
Clusioinea.

Odiniids were originally assigned to the Agromyzidae,
and for a long time they were treated as a subfamily of
that family. Hendel (1922-1923, 1928) first recognized
the Odiniidae as a separate family. A supposed but un-
documented sister-group relationship between the two
families has usually been accepted (Hcnnig 1958, 1965b,
19'71a, 1973). Spencer (1969) was more decisive; he re-
ported that the male genitalia ol these two families are
more similar to each other than to any other family. Thc
following synapomorphies betwecn the Odiniidae and
Agromyzidae (autapomorphies of Agromyzoinea) can
now be advanced:

- anterior spiracles of larvae shifted towards dorsum;
lunule large and exposed;
frontal bristles medioclinate;

- sides of frons with series of tiny setulae lateral to fron-
tal bristles:

- face resclerotized in middle:

- male pregenital tergite complex, especially tergite 6,
reduced:

- male with sternite 6 reduced:

- hypandrium long and narrow;

- aedeagal apodeme unusually long;

- segment 8 of female mostly membranized; and
two sclerotized spermathecae present.

The sclerotized midfacial area in the Agromyzoinea is

probably a secondary condition. In the odiniids, Shewellia
agromyzina Hennig and Paratraginops pilicornis Cres-
son. a more or less membranous area is evident in the an-
terior midfacial area. Likewise, certain species ol Phyto-
bia Lioy, which are among the most odiniid-like species of
Agromyzidae, the central portion of the face is membra-
nous; in P. betulivora Spencer, for instance, the sclero-
tized portion of the midfacial area is isolated from the
parafacials and appears to have developed as secondarily
sclerotized areas in what was originally a wholly membra-
nous midfacial area.

Odiniidae. In general this family (J. F. McAlpine,
Ch. 12) is less specialized than the Agromyzidae +
Fergusoninidae. Structure of the larval mouthparts is
simpler and displacement of the anterior spiracles toward
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the dorsal side of the body is less than in the Agromyzidae
(Krivosheina 1979b). The same is true for the larval hab-

its. Larvae of almost all odiniids live in galleries of wood-

boring insects; those of the Agromyzidae are primary
miners in Iiving plant tissue and those of the Fergusonini-
dae are associated with gall-forming nematodes in Euca-
ly'ptus.In addition, the structure of the female terminalia
in the Odiniidae is much more generalized than is the spe-

cialized type found in either the Agromyzidae or the

Fergusoninidae. The observation by Mfca (1978, p. 150)

that females of Neoalticomerus formosas (Loew) have

three spermathecae is interesting. If three are normally
present in this species, it would indicate that three' in-
stead of two, were probably present in the ground plan of
the family, and by implication, in the ground plan of the
suprafamily Agromyzoinea. However, as in all other
Odiniidae examined, only two are present in Nearctic
examples ol l{. seamami Shewell and in specimens identi-
fied as N. formosus (Loew) in the Canadian National
Collection. Perhaps Mdca's specimen of N' formosus is

abcrrant in this respect; the small size and different struc-

ture of the third spermatheca, as shown by Mdca (1978'

Figs. 2a,b), seems to indicate that it is not normal.

Autapomorphic characters of Odiniidae include:

- one or more tibiae with preapical dorsal bristle;

- katepisternum with several bristles; and

ejaculatory apodeme absent.

Two probably monophyletic subflamilies, containing
about 50 species divided amongst 10 genera, are recog-

nized, (Hennig 1965b, 1969b, 1913, Cogan 1975;
Krivosheina 1919b, J. F. McAlpine, Ch. 72). One fossil
sDecies. Protodinia electrica Hennig (Hennig 1965b,

1969b), is known from Baltic amber. The family is now

suliciently well known worldwide to warrant a thorough
phylogenetic analysis.

Agromyzidae. Almost ail the differences between the
Agromyzidae (Spencer, Ch. 73) and the Odiniidae can be

interpreted as further apomorphic changes that have oc-

curred in the Agromyzidae. One of its few more plesio-

morphic conditions is the absence of preapical dorsal tib-
ial bristles.

Autapomorphic characters of the family are:

- larvae feeding in living plant tissue;

- larval mouthparts specially adapted for stem- and

leaf-mining, i.e. mandibles toothed and angularly po-

sitioned in relation to hypopharyngeal sclerite and

hypopharyngeal and tentoropharyngeal sclerites

lused;

- anterior larval spiracles lying close together on dorsal
surface of thorax:

- cells connected to fat body of larvae containing cal-
cium carbonate crystals (calcospherites) (Frick
t952):

- male with sternite 5 enlarged;

- tergite 6 enlarged;
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- sternltes 6,'l , and 8 greatly reduced, usually forming a

single, small, nearly symmetrical pregenital sclerite;

- aedeagus extremely complex, distiphallus with two
gonopores;

- female with segment 7 enlarged and heavily sclero-
tized, forming a conical nonretractile oviscape, with
dorsal apodeme extending far forward into segment 6;
intersegmental membrane between segments 7 and 8

unusually strongly armed with numerous anteriorly
directed denticles on dorsal and ventral surfaces:

- segment 8 modified to form a pair of laterally ap-
pressed, serrated blades (egg-guides);
proctiger unusually elongate, precedcd by an elongate
membranous tube: and
cercus with a group (usually four) trichoid sensillae
near apex.

Griffiths' (1912) observation to the effect that there is
no trace of asymmetry in the pregenital sclerites of male
Agromyzidae is an overstatement. Close examination
shows not only that the lateral extremities on each side
differ from each other but also usually some indication of
the characteristic twisting and shifting of the pregenital
sclerites and membrane in the left side of the abdomen.
e.g. in Phytobia spp. Frick's (1952) interpretation that
sternites 6, 7, and 8 of the male are greatly reduced and
consist of narrow sclerotized strips along the lelt side (and
posterior margin) of tergite 6 is probably essentially true
for the ground plan of the family. Griffiths (i964) drew
attention to separate remnants of these sternites (which
he wrongly called tergites, but see Griffiths 1972) in spe-
cies of Phytomyza Fall6n. I believe that tergite 6 is sec-
ondarily enlarged because it is commonly as long as, or
longer than, tergite 5, (opposite to the general trend in
Opomyzoidea and in other Muscomorpha), and also
because spiracle 7 is frequently enclosed within it (nor-
mally located behind tergite 6, between sternites 6 and 7).

Most workers, in the Agromyzidae now recognize two
subfamilies, the Agromyzinae and Phytomyzinae, sepa-
rated mainly on the basis of wing venation. In the Agro-
myzinae, Sc is traceable throughout its length, although
its apical portion is very weak and coalesced with R,. In
the Phytomyzinae, Sc is atrophied apically and does not
coalesce with R,. Except for the more apomorphic condi-
tion of Sc, certain members of the Phytomyzinae, e.g. Se/-
echops Wahlberg and Phytobia whose larvae are cam-
bium miners instead of leaf-miners. are believed to be the
most generalized members of the family (Frick 1952,
Nowakowski 1962, Spencer 1969).

Agromyzidae is one of the largest families of the Aca-
lyptratae, containing an estimated 3500 species in 27 gen-
era (Spencer, Ch. 73). Although a number of fossil spe-
cies from Baltic amber were originally assigned to the
Agromyzidae, Hennig (1965b) concluded that nonc of
these actually belong to the family. One species, Palaeo-
phytobia platani Siiss & MUller-Stoll, has since been de-
scribed from feeding channels of the larvae in Upper Mio-
cene wood fragments from Platanoxylon hungaricum, a

plane tree lrom Hungary (Siiss and Mriller-Stoll 1975). It
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is surprising that agromyzid mines known to exist in fos-
silized leaves from Tertiarv cleposits have not been re-
ported in the literature.

Fergusoninidae. This peculiar little family is com-
prised of about 25 Australian species, all but one of which
belong to the genus Fergusonina Malloch (Colless and
D. K. McAlpine 1974). I know it from examination of
adults of two species of Fergusonina nr. microcera Mal-
loch, and from reports in the literature (Malloch 1924,
1925, 1932a; Tonnoir 1931: Frick 1952; Hennig 1958,
1973; Speight 1969; Colless and McAlpine 1970, 1974;
Griffiths 1972). Fergusonina rvas originally placed in the
Agromyzidae, but Hennig (1958) raised it to family
status. Some workers still entertain the possibility that it
is a specialized agromyzid (Colless and McAlpine 1970),
but usually the question ofits relationship to other acalyp-
trate families is left open (Griliiths 1912, Hennig 1973).
Perhaps it is significant that all current specialists on the
Agromyzidae have excluded it from that family. No fos-
sils are known.

Some characters of the Fergusoninidae are inaccu-
rately or incompletely reported. For example, Hennig
(1958) stated that there are no costal breaks in F. carteri
Tonnoir, whereas Tonnoir (1937) indicated that a hu-
meral break, but no subcostal break, is present in all spe-
cies. In the species I studied, the humeral break is
strongly developed and there is also a weakening in the
usual position of the subcostal break. Griliths (1972)
could find no ejaculatory apodeme in F. scutellata Mal.-
loch, but a small ejaculatory pump bearing a relatively
slender ejaculatory apodeme is present in the species I
examined. Griffiths (1972) also reported that cerci are
absent in males of F. scutellata,but they are clearly pre-
sent (although reduced and fusied medially) in most, if not
all, species (see illustrations in Tonnoir 1937). Tonnoir
( 1 937) indicated that both ocellar and postocellar bristles
are parallel, but in my materieLl and in published illustra-
tions both sets of bristles are divergent.

The following characters of Fergusonina are autapo-
morphic features of the family:

larvae living in galls in lea.fbuds and stems on Euca-
lyptus trees in association with nematodes of the ge-
nus Anguillulina (: Fergusobia) (Colless and McAl-
pine 1970);
puparium with a dorsal cc,mb-like plate between ab-
dominal segments I and 2 (Tonnoir 1937, Hennig
I 958);
arista with only two aristonreres:
orbital bristles lateroclinatr:;

- medioclinate frontal bristles absent:

- parafacials with a series c,f proclinate setulae (Mal-
loch 1924, Tonnoir 193',1, Colless and McAlpine
1910);
C with humeral break;
tarsomeres 2,3, and 4 usually short and broad;
male with portion of hypandrium (possibly including
gonopods) bearing parameres forming an elongate



I 460

sheath (aedeagal mantle of GrifTiths 1972) around the
aedeagus;

- aedeagus in form of simple sclerotized tube, almost
entirely withdrawn into aedeagal mantle;

- cerci reduced and fused medially;
female with abdominal segments 6 and 7 similarly
modified and together forming external part of ovipos-
itor, i.e. tergite and sternite of segment 6 fused to form
a sclerotized, bulbous tube more or less similar to that
formed by tergite and sternite of segment 7, and with
remainder of ovipositor telescoped within them;

- spiracle 6 absent;
tergite 8 and sternite 8 dorsoventrally appressed and
forming a long, stylet-like process ending in a dorsal
slender point; and

- sclerotized spermathecae absent.

The following characters are shared with thc Agro-
myzoinea and the Agromyzidae; thosc that are exclu-
sively synapomorphic with similar conditions in the Agro-
myzidae are marked by asterisks:

anterior spiracle of larva shifted dorsally on thorax;
vibrissa present;
fi rst fl agellomere short;

- lunule large and exposed;
* sides of frons with series of setulae lateral to fronto-
orbital bristles:

- postocellar bristles divergent (sometimes ncarly
parallel);
* prescutellar acrostichal bristles prcsent:
anepisternum with one strong bristle (in addition to
setulae);

- C with subcostal break or weakenins:
- Sc atrophied apically. iused with R,l

cell cup complete;

- A, not attaining wing margin:

- tibiae without preapical dorsal bristle;
male pregenital complex, especially tergite 6, reduced;

- 
x cerci of male reduced;

- 
* segment I of female forming sclerotizcd bulbous
oviscape;
x anterodorsal margin of oviscape with elongate apo-
deme, projecting far into segment 6; and

- 
x intersegmental membrane between segments 7 and
8 with numerous stout anteriorly directed spinules.

All these conformations ol Fergusonina with ground-
plan characters of the Agromyzoinea, and its clear synap-
omorphies with the Agromyzidae, indicate that it prop-
erly belongs to the Agromyzoinea, probably as a sister
group of the Agromyzidae; that is, thc Fergusoninidae +
Agromyzidae together comprise thc sister group of the
Odiniidae (Fig. I 16.5). I have been unable to decipher the
structure of the female proctiger in the Fergusoninidae,
and possibly it will provide further clues to its cladistic
relationships.

The nature of the aedeagal apodeme, with its broad
connection to the hypandrium (through the intermediacy
of the strongly developed aedeagal guide) and its trans-
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versely flared distal (anterior) end is strangely reminis-
cent of similar conditions in certain Cypselosomatidae,
such as Heloclusia, and in some species of Anthomyza
Fall6n. The pair of strong bristles, whrch frequently arise
near the dorsal base of the epandrium in Fergusonina
(Tonnoir 1937), is another peculiarity that is similarly
expressed in the Cypselosomatidae, but the same pecu-
liarity also occurs in many Opomyzoinea. The cladistic
significance, if any, of these features is unclear.

Suprafami ly Opomyzoinea

This suprafamily consists of only two families, the Opo-
myzidae and Anthomyzidae. Plesiomorphically its
ground plan includes all the conditions listed for the Opo-
myzoidea (apomorphies with respect to the ground plan
of Acalyptratae). I agree with Hennig's (1958, 1911a)
suggestion that these two families probably are sister
groups. The following synapomorphies in the ground plan
attest to their monophyly:

- larvae feeding in grass stems;
wing narrow;
R, with a preapical kink;
A, abruptly abbreviated;

- anal angle and alula reduced;
ommatidia in anteroventral area of eye enlarged;
armature of anterior femur peculiar, i.e. with a ctenid-
ium on the anteroventral surface:
male with sternite 6 reduced:

- epandrium commonly with two strong bristles
dorsally;
hypandrium with hypandrial bridge present
(pseudoplesiomorphy? ) ;

- basiphallus linked to hypandrial bridge by complex
folding process;
distiphallus highly complex;
ejaculatory apodeme reduced; and

- two sclerotized spermathecae present.

Each family is more generalized than the other in some
respects, and both have relatively distinct autapomorphic
(constitutive) characters, showing that both of them are
monophyletic. The occurrence of many of these charac-
ters is compared in the Table 116.5; autapomorphic con-
ditions with respect to the ground plan of Opomyzoinea
are indicated by asterisks.

Opomyzidae. Griffiths' (1912) interpretation of sev-
eral parts of the male terminalia of this family (Vock-
eroth, Ch. 74) is either misleading or incorrect. The ae-
deagal apodeme is linked to the hypandrium by the
aedeagal guide (ventral processes of Griffiths) in all Mus-
comorpha, so there is nothing distinctive about this condi-
tion as it occurs in the Opomyzidae. The cerci are linked
to the hypandrium through the intermediacy of the hypo-
proct and sternite l0 in all Muscomorpha, and again
there is nothing distinctive about this character in Opo-
myzidae. The complex folding slructure that links the
proximal posterior margin of the basiphallus to the hy-
pandrial bridge (epiphallus of Griltrths 1912) can
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Table 116.5 Comparison of character states in ground plans of Opomyzidae and Anthomyzidae
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Characters Opomyzidae Anthomyzidae

Lateral fronto-orbital setulae
Fronto-orbital bristles
Oral vibrissa
Postocellars (when present)
Prosternum
Katepisternal bristle(s)

Anepisternal setulae

Anepimeral setulae
Postintra-alar bristle
Postalar bristle(s)
Ctenidial spine
Spiracle 7 (9)
Aedeagal apodeme
Surstylus

present
* one
* undifferentiated
divergent
x setulose
one

one

present
present
two
absent
# absent
rod-l ike
* fused

x absent
three to four
relatively strong
* convergenl.
bare
* two (one in
Prolant hyomyza Hennig)
x absent
(exception in fossil spp. )x absent
* absent
* one (two in fossil spp. )x present (absent in some)
present
* fultellifornr
free

* Autapornorphic conditron.

scarcely be homologous with the free, spur-like epiphallus
that arises from the posteroapical margin of the basiphal-
lus in related families, such as the Clusiidae. Griffiths'
statement that parameres (postgonites) are absent is in-
correct; in all genera, a narrow, setulose paramere occurs
on each side of the basiphallus, closely associated with the
complex folding apparatus behind the basiphallus. I do
not agree with Hennig (1958, 1971a) or Griffiths (1912)
that the cerci of the female are fused in the ground plan of
the Opomyzidae. Although they are laterally appressed
and closely associated with each other, they are quite sep-
arate, especially in Geomyza Fall€,n and Opomyza Fall6n,
and, therefore, are probably free in the ground plan ofthe
family.

The limits and contents of the Opomyzidae have varied
greatly in the past. Some authors included members of at
least three other families in it. For example, Curran
(1934) treated the Anthomyzidae, Tethinidae, and Trix-
oscelididae as members of the Opomyzidae. The family is
now usually restricted to four genera, i.e. Anomalochaeta
Frey, Opomyza, Geomyza, and Scelomyza S6guy, which
together contain about 40 species (Vockeroth, Ch. 75;
Hennig 1973). I agree with Hennig (1973) IhaI Anoma-
lochaeta is probably the sister group of the remainder of
the family. It is the most generalized genus in having well-
developed, divergent, postocellar bristles, but the cerci of
the female are more reduced than in the other genera. No
fossil Opomyzidae are known, but it is noteworthy that
the two fossil species assigned to the Anthomyzidae share
several plesiomorphic conditions with the Opomyzidae
(seeTable 116.5).

Anthomyzidae. Autapomorphic characters of the
family (Vockeroth, Ch. 75) are listed in Table I16.5. De-
tails of the male terminalia are strikingly similar to those
of the Opomyzidae, except t.hat the surstyli are free
(fused with epandrium in Opornyzidae) and the aedeagal
apodeme is shorter and more broadly and closely attached
to the hypandrium through the intermediacy of the ae-

deagal guide. In fact, the aedeagai apodeme in the Antho-
myzidae is usually more fulrlelliform than cuneiform.
Similarities to the Opomyzidae are probably most strik-
ing in such genera as Anthom)tza (see Anderssen 1976a)
and Amygdalops Lamb. Both Griffiths (1972) and An-
derssen (1916a) called the peculiar folding apparatus
between the proximal posterior margin of the aedeagus
and the hypandrial bridge an epiphallus. This structure is

certainly homologous with that in the Opomyzidae, but I
doubt whether it is homologous with the separate. spine-
like epiphallus that arises from the distal posterior margin
of the basiphallus in related groups, such as Clusiidae.
Anderssen (1976a, Fie. l) provided an excellent illustra-
tion of the male terminalia of Anthomyza, including the
free, strap-like parameres (postgonites). Griliths (1912)
apparently overlooked these structures in his study of
Anthomyza; his statement that they are fused with the
hypandrium is incorrect.

The family Anthomyzidae, like the Opomyzidae, also
lacked definition for many years, and consequently its
limits and contents varied conrsiderably according to dif-
ferent workers. Hennig (19'7 1a, 1973) transferred to the
Aulacigastridae the genera S'tenomicra Coquillett and
Cyamops Melander and limited the Anthomyzidae to the
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lollowing extant genera: Agnota Becker, Amygdalop.s,
Anthomyza (including Stiphrosoma Czerny), Parantho-
myza Czerny (: Anthomyza?), Ischnomyia Loew, and
Mumetopia Melander; he also added as possible candi-
dates the genera Echidnocephalus Lamb (Lamb l9l4)
and Chamaebosca Speiser (Speiser 1903), the latter on
the strength of information given by Wirth ( 1955). I have
not seen any representatives of either of the last two gen-
era. According to D. K. McAlpine (1978), Apterosepsis
basilewskyi Richards (Richards 1962) belongs to the
Anthomyzidae.

It is necessary to mention here several problem genera
that Hennig (1958, 1969b, 1971a) discussed as doubtful
relatives of the Anthomyzidae: Waterhoelserc Malloch
(Malloch 1936) was provisionally placed in the Heleo-
myzidae with an indication that i1 may ropresent a new
family (Colless and D. K. McAlpine 1970); it is now con-
sidered to represent a tribe within the Heleomyzidae
(D. K. McAlpine 1985b). Melanthomyzc Malloch (Mal-
loch 1933b) is also discussed undcr the Heleomyzidae.
IVothoasteia Malloch (Malloch 1936) seems to be cor-
rectly placed in the Asteiidae (Sabrosky 1956, Colless
and D. K. McAlpine 1970). Paraleucopis Malloch (Mal-
loch 1913), Gayontyia Malloch (Malloch 1933b), and
Schizostomyia Malloch (Malloch 1933b) are treated in
detail under Asteiidae.

Representatives of the Anthomyzidae are found in all
the main continental areas. Probably less than 50 species
are described, but apparently many spccies still remain
undescribed. Anthomyza is by far the largest and best
known genus (Andersson 1976a, 1984). Three fossil gen-
era containing four species, Anthoclusia gephyrae Hen-
nig (Hennig 1965b, 1967b), Anlhoclusia remotinervis
Hennig (Hennig 1969b), Protanthomyza collarti Hennig
(Hennig 1965b), and Xanthomyza larssoni Hennig
(Hennig 1961b), were described from Baltic amber and
were assigned provisionally to the Anthomyzidae. Hennig
(197 1a) subsequently excluded Anthoclusia Hennig from
the Anthomyzidae, and D. K. McAlpinc (1978) included
it in his new family, the Neurochaetidae. X. larssoni al-
most certainly represents a genus of the Clusiidae near
Czerniola Bezzi, as evidenced by the following charac-
ters: characteristic shape of first flagellomere with arista
arising apically, frons with four pairs of fronto-orbital
bristles, postocellar bristles strongly divergent, back of
head strongly concave, katepisternum with one bristle, sc
apparently complete, and crossvein dm-cu relatively re-
mote from wing margin. P. collarti may actually belong
to the Anthomyzidae, but it differs from all recent mem-
bers of the family in having two postalar bristles, anepis-
ternum with both setulae and bristles, and in not having a
distinct subcostal break (although there is a weakening of
this point). Perhaps its relationships will become more
apparent when more is known about the family as a
whole. A world revision of the genera is greatly needed.

Suprafamily Asteioi nea

I agree with Hennig (1911a) and D. K. McAlpine
(1978, 1983) that the Periscelididae, Aulacigastridae,
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Asteiidae, and Teratomyzidae form a monophyletic unit.
D. K. McAlpine (1978) added his new family, the Neuro-
chaetidae, to this group and also questionably included
the Anthomyzidae (which I place in the Opomyzoinea). I

would now add the Xenasteiidae (Hardy, Mar. 1980)

[:Tunisimyiidae (Papp, Aug. 1980)] (new synonymy).
Hennig (1971a) ranked the group as "1. Teilgruppe,
Periscelidea" (as opposed to "2. Teilgruppe, Antho-
myzidea") in his superfamily Anthomyzoidea. D. K.
McAlpine (1978, 1983) ranked it as a full superfamily,
the Asteioidea. I reject Griffiths' (1912) dissociation of
the Periscelididae and Teratomyzidae from this group of
families; Griffiths'action was based mainly on highly var-
iable characters of the male terminalia, which in this case,
misled him into associating them with the Nothybidae
and Psilidae.

The name Asteiidae was first used by Loew ( 1861 ) and
predates all other family group names involved (D K
McAlpine 1978). Thus, in accordance with articles 35
and 36 of t"he International Code of Zoological IVomen-
clature (Ride, Sabrosky, el al. 1985), Asteioinea is the
proper suprafamily name to apply.

The best definition and discussion ofthe characteristics
of the Asteioinea is that given by D. K. McAlpine ( I 978).
Unfortunately, he seems to have confused the inner (pos-
terior) postalar bristle, which is usually absent in the An-
thomyzidae, with the postsutural intra-alar bristle, which
also is usually absent in members of the Asteioinea (but
all three of these bristles may be present in the ground
plan of the Opomyzoidea (see, for example, Agro-
myzoinea). For that reason he wrongly implied that Hen-
nig ( I 97 I a) incorrectly interpreted the postsutural intra-
alar bristle as a postalar bristle. Hennig's interpretation is
probably correct (see labeling of these bristles in Hennig
1965b, Figs. 142, 161, 176). The more or less sclerotized
condition of the face in the Asteioinea is probably a pseu-
doplesiomorphic condition, resembling to some degree a
somewhat similar condition in Agromyzoinea, Hennig's
(197 1a) contrary opinion notwithstanding. I agree with
D. K. McAlpine (1978) that the absence of a subcostal
break in the Periscelididae and Asteiidae is probably the
result of a secondary loss in both families (convergent
pseudoplesiomorphies), for a costal weakening in this po-
sition is evident in some more qeneralized members of
both families.

Differences in shapes of the pedicel and first flagello-
mere and the nature of their articulation (Hennig 197 1a)
present one of the most difficult problems to reconcile
with the cladistics of the Asteioinea (and the Schizophora
for that matter). The Periscelididae and Neurochaetidae
have the first flagellomere with its long axis at right angles
to that of the pedicel, rather narrowly oval in shape,
sharply deflexed (antennae geniculate, sensrz Sabrosky
1956; hamate, sensLr Hennig 197 1a), and with a subbasal
dorsal lobe fitting into a notch in the pedicel. The pedicel
itself is hood-like (cucullate) and has a dorsal seam as in
certain Diopsoidea, Tephritoidea, Anthomyzidae, Aulaci-
gastridae, Ephydroidea, and Calyptratae. Most members
of the remainine families of the Asteioinea have the first
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flagellomere rather broadly discoid and porrect to some-
what drooping, and the pedicel is not strongly hood-like;
its distal articular surface faces more or iess anteriorly,
and the dorsal margin is broadly sinuate and lacks a dis-
tinct dorsal seam. Exceptions to this are Cyamops, Pla-
ninasus Cresson, and Stenomicra, all of which were
placed in the Aulacigastridae (Hennig 1969a, 1971a).
Because of their geniculate (hamate) antennae, D. K.
McAipine (1978, 1983) considered this placement untcn-
able and referred all three genera to the Periscelididae. I
agree with him that the loss of the basal segmentation of
the arista occurring in various genera that he assigned to
both families is probably the result of convergence, but I
am not convinced that the geniculate vcrsus porrect an-
tennal structures have not also evolved independently in
different genera and families. For example, the difference
between these antennal types in certain species of Cyam-
ops and Aulacigaster Macquart (: Schizochroa Hen-
nig) is really not very profound. In fact, within each ofthe
three families, Anthomyzidae, Aulacigastridae, and
Asteiidae, one can find almost all degrees of both genicu-
late and nongeniculate antennal forms.

The ground plan of the Asteioinea differs from that of
the Opomyzoidea as follows; characters considered to be
autapomorphic are marked (AA):

- size small to minute;

- face secondarily more or less sclerotized in middle
(AA);

- face almost flat to convex below (AA);
anterior (lower) margin of face inflexed so as to be vis-
ible from below (AA);

- anteroventral margins of eyes encroaching on face
(AA);

- eye with anteroventral ommatidia enlarged;

- subcranial cavity more or less enlarged (AA);
arista dorsobasally situated;

- inner postalar bristle weak or absent;

- Sc variably weakened and atrophied distally; and
- Iegs relatively short.

Other significant characters in the ground plan of
Asteioinea are as follows:

fronto-orbital plates with setulae in addition to fronto-
orbital bristles (absent in some forms);

- postocellar bristles relatively weak, divergent (com-
monly parallel, convergent, or absent);

- scape relatively long, setulose (some reduced and
bare);

- pedicel not hood-like, with distal articulation deeply
inserted into base of first flagellomere (commonly
strongly hood-like with a pronounced dorsal slit);

- first flagellomere broadly oval, relatively porrect
(commonly narrowly oval, strongly deflexed, i.e. an-
tenna geniculate);

- arista shortly pubescent (commonly with long side
branches);

- arista with three aristomeres (some reduced to one or
two aristomeres):
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- tibiae without preapical dorsal bristles;

- C with subcostal break ('Aulacigastridae, Terato-
myzidae, Neurochaetidae, and Xenasteiidae, but
some secondarily without subcostal break, e.g. Peris-
celididae and Asteiidae) ;

C without humeral brealk (Teratomyzidae, some
Aulacigastridae, some Neurochaetidae, some Perisce-
lididae, and Asteiidae, but r;ome with humeral break,
e.g. some Aulacigastridae, some Perisceiididae, some
Neurochaetidae, and all Xenasteiidae);

- C without an enlarged api,;al setula (Periscelididae,
Aulacigastridae, and Neur:ochaetidae, but some C
with an enlarged apical setula, e.g. Asteiidae, Xena-
steiidae, and Teratomyzidae) ;

- cell cup present (commonly incomplete or absent);

- vein A, relatively short, not attaining wing margin
(secondarily elongated in some Teratomyzidae);

- male with sternite 6 large and relatively symmetric
(some reduced and asymmetric to atrophied);

- aedeagus long, flexible with complex distiphallus
(some reduced and secondarily simplified);

- female with three sclerotized spermathecae (usually
reduced to two or none); andi

cerci of female lons and seDarate from each other
(some short).

As indicated above. many characters rhow great varia-
tion within the Asteioinea, and even within the component
families. No doubt some of th,3 seemingly contradictory
trends will be resolved as our knowledge of individual
lamilies and genera is improved.

Within the Asteioinea (Fig. I 16.5) two main subgroups
are evident; a more generaliz:ed one consisting of the
Aulacigastridae, Periscelidida.e, and Neurochaetidae
(subgroup I ), and a more specialized one consisting ofthe
Teratomyzidae, Xenasteiidae, and Asteiidae, (subgroup
2). Some of the main differences are summarized in Table
116.6; clearly apomorphic conditions are marked by
asterisks.

It is noteworthy that some convergence of characters
occurs in both groups. In the ground plan of subgroup 1

there are three spermathecae, trut this number is reduced
to two in some Aulacigastridae and in all Neurochaet-
idae. In the Periscelididae, T'eratomyzidae, and some
Asteiidae, sternite 6 is relatively large, symmetrical, and
unmodified, i.e. seemingly more plesiomorphic than in
any other members of the Opomyzoidea. The conclusion
reached is that this sternite was reduced independently
many times, sometimes even within lamilies, e.g. the
Asteiidae.

Subgroup 1

Aufacigastridae. The core genus here is Aulacigaster
but the question of which other genera should be in-
cluded, and thus the definition of the family (Tesky,
Ch.76), is unsettled. Hennig (1969a,197La) reexamined
this problem and concluded that Aulacigaster, Schi-
zochroa (: Aulacigaster), Cyamops, Stenomicra, Pla-
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Table I 16.6

II6 NEARCTIC DIPTERA

Comparison of character states in ground plans of subgroups 1 and 2 of Asterotnea

Characters Subgroup I Subgroup 2

Abdominal spiracles l-5
Abdominal spiracles 7

Apical costal setula
Spermathecae
Legs, especially femora
Antennae

in membrane
present
absent
three (two)
x robust
* geniculate
(nongeniculate)

* in tergites
x absent
* present
* two
weak
nongeniculate
(geniculate)

* Apomorphic condition

ninasus, and the fossil genus and species, Protoaulaciga-
ster electrica Hennig (Hennig 1965b), probably form a

monophyletic group. With the inclusion of Stenonticra
and Protoaulacigaster, however, his originally lengthy
list of supposed synapomorphies for the included genera
was reduced to one character. i.e. ocellar setae weak or
absent. All the other conditions belong to the ground plan
of the Asteioinea. D. K. McAlpine (1978) removed Cy-
amops and Stenomicra from the Aulacigastridae to the
Periscelididae mainly because their geniculate antennal
structure resembles that of Periscelis Loew more than
Ihat of Aulacigaster. Later the same author (D. K. McAl-
pine 1983) reaffirmed this action and added Planinasus.
He also removed, but left unplaced, the fossil, P. electrica.
f n addition, he synonymized Schizochloa under Aulaci-
gaster, erected a new subfamily, the Nemininae, for two
new genera, Nemo D. K. McAlpine from Australia and
l'/ingulus D. K. McAlpine from South Africa, and re-
stricted the Aulacigastrinae to the single gen us!
Aulacigaster.

The most important point of contention in D. K.
McAlpine's proposals is the dissociation of Cyamops, Ste-
nomicra, and Planinasas, from Aulacigaster. These three
genera are certainly closely related to each other and to
Aulacigaster, on the one hand, and to Periscelis on the
other. In the reduction of the arista. the oresence of two
fronto-orbital bristles, absence or weak condition of the
ocellar bristles, absence of postocellar bristles, and pecu-
liarities of wing venation, they agree better with Aulaci-
gaster than with Periscelis. But, in the structure of the
pedicel and first flagellomere, and to some extent in the
bristling of the face, they agree better with Periscelis than
with Aulacigaster. Cyamops may provide the key to
placement of all three genera. Some of its features indi-
cate a closer relationship with Aulacigaster than with
Periscelis. For example, although the pedicel is genicu-
late as in Periscelis, the first flagellomere is relatively por-
rect somewhat as in some Neotropical species of Aulaci-
gaster; the midfacial hairs and bristles are absent as in

Aulacigaster; and the palpi are much reduced as in
A u I aci gas t er and S t e nomi cra.

As defined by Hennig (l91la), the Aulacigastridae are
more generalized than the Periscelididae in the following
points (corresponding apomorphic conditions in the Peris-
celididae shown in parentheses): C with subcostal break
(secondarily unbroken); C extending to M,*, (ending at
Ro*r); cell cup complete (incomplete); ocellar bristles,
when present, on ocellar plate (at sides of ocellar plate);
frons with two or more fronto-orbital bristles (with one

fronto-orbital bristle); and greater ampulla relatively
weak (relatively strong). Even with the addition of the
Nemininae, these factors hold up.

As noted by Hennig (197 la), none of the apomorphic
conditions of the Periscelididae precludes a close relation-
ship with the Aulacigastridae, but so far no synapo-
morohic character has been demonstrated for them. The
presince of a greater ampulla is possibly such a character.
Throughout the Schizophora the occurrence of a well-
developed greater ampulla is almost always concurrent
with a deeply seamed, geniculate pedicel, and so it occurs
in all Periscelididae and in most Aulacigastridae. Perhaps
it is an apomorphic condition in the ground plan of the
Aulacigastridae + Periscelididae. Another apomorphic
point of agreement between the Aulacigastridae and the
Periscelididae is the fusion of the abdominal tergite 7 and
sternite 7 of the female enclosing spiracle 7. The same
conditions also occur in many other families, probably
through homoplasy, but they may well be synapomorphic
ground-plan features in the Aulacigastridae and Perisce-
lididae. As implied by Hennig (l91la), it may be shown
eventually that the Aulacigastridae and Periscelididae
are subgroups of a single family. If so, the name Perisce-
lididae (Frey 1921, not Hendel 1922) will take prece-

dence over Aulacigastridae (Hendel 1928). If the ar-
rangement proposed by D. K. McAlpine ( 1983) is upheld,
extensive changes will be needed in the definitions of both
the Aulacigastridae and Periscelididae. The definition
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proposed by Hennig (1971a) is followed here, as in
Teskey (Ch. 76) but certainly D. K. McAlpine's work
demonstraies that more work is required to establish a
satisfactory arrangement of the genera now included in
both the Aulacigastridae and Periscelididae.

Hennig's (1965b) remark that the Aulacigastridae
have all the distinguishing features of a relict group is
noteworthy. Although most of the genera included are
very small in terms of species, some have unusually wide
distributions, e.g. Cyamops and Stenomicra. Stenomicra,
which occurs on all the main continental areas, is by far
the largest genus, the family Stenomicridae was recently
erected for it (Roh6cdk I 983).

Periscelididae. Following the traditional definition of
the family (Frey 1921; Hendel 1922,1928; Malloch 1926,
1932b, Sturtevant 1954; Hennig 1958, 1911a,1973), ir
contains only Periscelis, Marbenia Malloch, Scutops
Coquillett, lleoscutops Malloch, and Diopsosoma Mal-
loch (J. F. McAlpine, Ch.11). These five genera certainly
comprise a monophyletic group (Hennig 191 1a, Grilhths
1972). The following are derived conditions with respect
to the ground plan of the Asteioinea:

- body unusually short and stout;
vertex acutely angulate;

- frons with one fronto-orbital bristle;
ocellar bristles arising beside the ocellar triangle;

- pedicel strongly capiform, with pronounced dorsal
seam;
first flagellomere sharply deflexed, i.e. antenna
strongly geniculate:

- arista long, plumose;

- wing unusually short and broad;
C secondarily unbroken;

- C ending at R, *.;

- Sc unusually short;

- delimiting veins of cell cup weak or absent;

- vibrissae displaced high above anterior margin of face;
all three spermathecae joined to a single excretary
duct;
abdominal tergum 7 and sternum 7 of female fused.
enclosing seventh spiracles;

- greater ampulla well developed; and

- eggs blackish.

As indicated in the discussion on the preceding family,
the Periscelididae is probably more closely related to the
Aulacigastridae, or to a subgroup thereof, than to any
other group. If it can be shown that it is the sister group ol
a subgroup of the Aulacigastridae, e.g. Cyamops * Ste-
nctmicra * Planinasus (which D. K. McAlpine (1978,
1983) considers as part of the Periscelididae), then that
which is treated here as rhe Periscelididac is a Dara-
phyletic group and it would be in order to combine both
families under one name, i.e. Periscelididae. A thorough
evolutionary study of all genera of both families is needed
to resolve this matter.

As presently restricted (J. F. McAlpine, Ch. 17) rhe
family contains fewer than 20 species. Only periscelis,
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which also contains the only known fossil species,
P. annectans Sturtevant (Sturtevant 1963), from Mio-
cene amber from Mexico, has a wide distribution; all
other genera are exclusively Neotropical.

Neurochaetidae. This poculiar little family was
erected by D. K. McAlpine (1978) for his new genus of
upside-down flies, Neurochaeta D. K. McAlpine, in
which he included one species from each of Australia,
Rhodesia, and Madagascar, and the fossil genus Antho-
clusia Hennig (Hennig 19651,) containing two species,
A. gephyrae Hennig (Hennig 1965b) and A. remotinervis
Hennig (Hennig 1969b), from Baltic amber. Woodley
(1982) described two additional species of Neurochaeta
from the Phillippines and Malaysia.

The ground-plan characters of the family differ from
those of the Asteioinea as follovrs; autapomorphic charac-
ters are indicated by (AA):

- clypeus unusually narrow (,z\A);

- anterior portion ofgena with several strong bristles;
pedicel strongly capiform with pronounced dorsal
seam;

- first flagellomere sharply deflexed with a dorsal sub-
basal tubercle fitting into a cavity in pedicel;

- arista long, plumose;

- katepisternal bristles arisinlg relatively far posteriorly
on katepisternum;
prosternum very narrow (A,\);

- abdominal sternites unusually broad (AA):

- aedeagus secondarily simple, uniformly ribbon-like;
and

- two sclerotized spermathecae present.

Both D. K. McAlpine and Woodley tabulated the oc-
currence of other significant characters within the family
and indicated general directional changes in them. D. K.
McAlpine considered that the family is more closely re-
lated to the Periscelididae (in which he included Cyam-
ops, Stenomicra, and Planinasus) than to any other fam-
ily. It is more generalized than both the Aulacigastridae
and Periscelididae in retaining fbur fronto-orbital bristles,
in having sternites 6 and 7 of the male more extensively
separated, and in having the sternite 7 and tergite 7 ofthe
female free. On the other hand. it is more soecialized than
either family in having only two spermathecae. The gen-
eral form and arrangement of the male terminalia are
remarkably similar to those of the Periscelididae. Unfor-
tunately, the presence or absence of a greater ampulla is
unknown for most members of the family; there is little or
no evidence of it in IV. inyersa.D. K. McAlpine, which is
not surprising because of the strongly depressed thorax.
Probably, Neurochaetidae is the sister group of the
Aulacigastridae * Periscelididae (Fig. I 16.5).

Subgroup 2

Teratomyzidae. The name Teralomyzidae was pro-
posed by Colless and D. K. Mc'\lpine (1970) for Terato-
myza Malloch (Malloch 1933a) from New Zealand and
Teratoptera Malloch (Malloch l933b) from Chile and
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Australia; they placed it next to the Periscelididae in their
superfamily Asteioidea. Previously members of this fam-
ily were referred either to the Anthomyzidae (Malloch
1933a,1933b) or to the Opomyzidae (S6guy 1938; Frey
1958a,b; Harrison 1959). Hennie 0911a) provided the
most comprehensive discussion on the characters, rela-
tionships, and distribution of the family. He placed it in
the Asteioinea (as Periscelidea) and noted that it is simi-
lar to the Periscelididae in having only one fronto-orbital
bristle and C weak or absent beyond Ro*, (both are apo-
morphic conditions), but he questioned whether these
conditions were really indicative of a sister-group rela-
tionship of the two families. Hennig also observed that
about 12 species (mostly undescribed) are now known
from New Zealand, Australia (northward to Queens-
land), South America (northward to southern Brazil),
and Nepal and added to it a third genus, I'leogeomyza
S6guy (S6guy 1938), from Africa and the Philippincs
(Frey 1958a,b). Griffiths (1912) treated the Terato-
myzidae and Periscelididae as adjacent families (albeit in
his superfamily Nothyboidea) and drew attention to the
facts that in males of both families spiracles 5 and 6 are in
the margins of the respective tergites, that sternite 6 is rel-
atively large and symmetrical, and that the pregenital
segment extends symmetrically around the genital
segment.

The family Teratomyzidae is seemingly more gencral-
ized than the Xenasteiidae and Asteiidae in having a rela-
tively large, symmetric sternite 6 in the male (reduced,
asymmetric, and shifted to the lcft side of abdomen in the
Xenasteiidae and Asteiidae). The follorving apomorphies,
with respect to the ground plan of subgroup 2 of the Astei-
oinea are in evidence; those considered to be autapo-
morphic are marked with (AA):

- one, only, strong fronto-orbital bristle (as in Perisce-
lididae), but placed relatively far forward (AA);

- prosternum very narrow (as in Ncurochaetidae);

- wing long and narrow (AA);

- anal angle and alula reduced;

- costal section between R, and Rr*,long (as in many
Asteiidae);

- C much weakened or absent beyond Ro*. (as in
Periscelididae);

- crossvein dm-cu strongly shifted toward base of wing
(AA);

- spiracles I 6 situated in margins of tergites;
sternites 7 + 8 of the male fused forming secondarily
symmetric pregenital sclerite (as in Periscelididae);

- tergite 7 and sternite 7 of the female fused (as in
Periscelididae);
two spermathecae present (as in Asteiidae) (AA); and

- cerci of female short (AA).

I agree with Hennig (1911a) that a long vein A, in
some species of the family is a pseudoplesiomorphic,
rather than a plesiomorphic, feature. The seemingly un-
modified form of sternite 6 in the female indicates that
perhaps the Teratomyzidae is the sister group of the
Xenasteiidae * Asteiidae (Fig. I16.5). It is one of the
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few acalyptrate families that shows a typical Gondwana-
land distributional pattern. No fossils are known.

Xenasteiidae. This family was erected by Hardy
(February 1980) for a new genus, Xenasteia Hardy, con-

taining seven new species occurring on islands over a wide
range of the Pacific and Indian Oceans. Four months
later, Papp (July 1980) described a new family, the Tuni-
simyiidae, for a new genus and species, Tunisimyia excel-
lens Papp, from Tunis. Thanks to the generosity of both
authors, I have representativcs of both taxa and can find
no justification for placing them in separate genera. They
agree in habitus, size, color, chaetotaxy, wing venation,

and male and female terminalia. At the species level'
T. excellens seems closest to X. seychellensis Hardy, but
the elongate surstyli are slender (very broad in X. seychel-
lensis) and the halteres are entirely pale (knobs brownish
in X. seychellensis). Consequently, it is necessary to refer
T. excellens to Xenasteia (new combination) and to sink
Tunisintyia Papp in favor of Xenasteia (new synonymy)
and Tunisimyiidae in favor of Xenasteiidae (Papp 1984).

Hardy ( 1980) referred the Xenasteiidae to the Milichi-
idae-Carnidae group of families and compared it with the
Australimyzidae, Anthomyzidae, and Asteiidae. He

showed that its relationship is nearer to the Asteiidae than
to any other iamily, based on the following apomorphies:

abdominal spiracles 7 lost in both sexes;

- spiracles located in margins of tergites as in certain
Asteiidae:
antennae slightly downwardly flexed as in the Astei-
idae; and

- wing lacking crossvein m-cu, veins CuA, and A,, and

cell cup as in some Asteiidae.

He also listed nine ways, summarized in Table 116.1 , in
which the Xenasteiidae differs from the Asteiidae.

Perhaps Hardy attributed greater importance to some

of these differences than is warranted. The postocellar

bristles are so weak and so slightly convergent that the

difference between them seems rather slight. The differ-
ence in the width of the parafacials is also one of degree; it
varies considerably in the Asteiidae and is scarcely, if any,

different in some genera, e.g. Sigaloessa Loew, than in
Xenasteia. The bristle Hardy called the inner postalar is
in fact the most posterior intra-alar bristle, which is also

present in some Asteiidae, e.g. Astiosoma Duda. Never-

ih"less, there are significant differences between the two

families. I n the Xenasteiidae, the presence of three

fronto-orbital bristles, a subcostal break in the C, and rec-

ognizable remains of the tergite 7 of the male are more
plesiomorphic conditions than in the Asteiidae. But, the

bresence of a humeral costal break, the reduced wing

venation, the inclinate lower frontal bristle, the reduced

oarafacials, and the reduced aedeagus are clearly apo-

morphic features with respect to the ground plan of the
Asteiidae. If it cannot be shown that Xenasteia is more

closely related to a subgroup of the Asteiidae, then it is

probably the sister group of all Asteiidae'
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Table 116.7 Comparison of character states in ground plans of Xenasteiidae and Asteiidae

146'7

Character Xenasteiidae Asteiidae

Postocellar bristles

Fronto-orbital bristlcs
Parafacials
Posterior intra-alar bristlc
( : inner postalar bristle of Hardy)
Humeral and subcostal breaks
Proepisternal (:propleural) bristle
Abdominal sternite 2

Tergite 7 of the male
Aedeagus
Distiphallus

convergent

3 (lowermost incurved)
reduced
present

present
present
divided
present
reduced
undifferentiated

parallel, divergent
(sometin'res absent)
I (upper)
broad
absent
(sometin'res present)
absent
absent
undivided
absent
large
complex

Asteiidae. As previously noted, the lamily name
Asteiidae (Sabrosky, Ch. 78) was proposcd by Locw
( I 861). Early workers ( Frey I 921 ; Hendel 1922; Malloch
1921, l92l: Duda 1927) regarded thc family as a close
relative ol the Drosophilidae, but Hennig ( 1958) rcjcctcd
that idea and later (Hennig 1971a) established that it is a
member of the Asteioinea (as Periscelidea). Apomorphic
characters of the family with respect to thc ground plan of
subgroup 2 of the Asteioinea are as follows:

arista with a peculiar zigzagappcarance:

- C without a subcostal break (secondarily unbroken);

- cell cup incomplete, i.e. veins CuA2 and A, weak or
absent (except in P h le bos ot era Duda);
abdominal spiracles 2 6 in margins of tergitcs (sec-
ondarily in mcmbrane in some species);

- abdominal spiracle 7 absent in both sexes; and
aedeagus with an cnlarged, complcx, asymmetric,
blackish distiphallus.

Hennig's (191 1 a) opinion that the absence of a subcos-
tal break in the Astciidae is a olesiomorohic character is
probably wrong. I agrec with D. K. McAlpine ( 1978) that
in small forms with weak wings and a tendency for re-
duced venation, such as occur in the Asteiidae, there
could well be a sccondary loss of the subcostal break. The
attenuation at this point in Leiomyza Macquart sccms to
indicate the closing up, rather than the formation of a

subcostal break.

In the Asteiidae the usual form of the antenna is inrer-
mediate between the geniculate type, found in Periscelis,
Cyamops, Stenomicra, and Planinasr.rs, and the obliquely
porrect type, found in Aulacigaster.The first flagcllomere
of most asteiids points obliquely forward and downward;
usually it is discoid in lateral prolile, but sometirnes it is
rather pyriform, e.g. some Asteia Meigen (Hennig 191 la,
Fig. 1a). The pedicel is more or lcss notched dorsally. and
its distal closing membrane is inserted deeply into the

base of the first flagellomere, (but no concealed lobc at the
proximal end of the first flagellomere projccts deeply into
the pedicel as in Drosophila Fall6n, Camilla Haliday,
Curtonotum Macquart, and so on). Papp ( I 979, Figs. 1 I

l4) shows that all degrees from the porrect, discoid type
to the deflexed, gcniculate typ,s, occur in Asteia. Hennig
(191 | a) intcrpreted the intermediate antennal form in thc
Asteiidae as an apomorphic condition derived from a

primitive geniculate type. In my opinion, thc revcrse is

probably true, i.e. the strongly geniculate condition is

probably morc apomorphic than the porrect discoid type.
The geniculate typc is usually associated with a plumose
arista, which is certainly more apomorphic than a bare or
shortly pubescent arista usually associaled with a porrect
first flagellomere. Also, in the more generalizcd ge nera of
Astciidae, e.g. Leiomyza, the first flagellomere is more
porrect and discoid and the pediccl is less hood-like, than
it is in more specialized members, e.g. Asteia.

The family consists of about 100 species distributed
among at least 1l genera (Sabrosky, Ch. 78), i.e. Leio-
myza, Succinasteia Hennig (fossil from Baltic amber),
Sigaloessa, Tucumyia Sabror;ky, Astiosoma, Phleboso-
tera Duda, AnaristaPapp, Loewiml'la Sabrosky, Bryania
Aldrich, Bahamia Sabrosky, and Asteia. Thc problematic
genus, Nothoa.steia Malloch ( 1930), containing
ltr. platycephala Malloch (f::om Australia) was orig-
inally assigned to this family. This placcment was ac-
cepted by Sabrosky (1956) anrl reaffirmed by Colless and
D. K. McAlpine (1970), but D. K. McAlpine (1985c)
suggested that it could perhaps be classifled as a genus of
the Neurochaetidae. Asteia is by far the largest genus.

Sabrosky (1956) divided the family into two subfami-
lies based on the correlation between two characters of
the wings. First, the Asteiinae have crossvein dm-cu ab-
scnt, alula absent, and wing margin bare in alular region
(Asteia, Bryania, and Loewimyia). Second, the
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Sigaloessinae have crossvein drn-cu present, alula prcscnt
(though sometimes narrow), and wing margin haired in
alular region (Sigaloessa, Tucuntyia, Astiosoma, Phle-
bosotera, and Leiomyza). Both Xiothoasteia and Anori-
.fIr? cut across this division.

Hennig (1969b), when dealing with his fossil genus,
Succinasteia, concluded Ihat Leiomyza is the most gcner-
alized sister group of all other Astciidae. As stated b,v
Sabrosky (1911), the relationships in this family need to
be restudied in the light of more and better material from
all parts of the world. On the basis of present inlormation
the Asteiidae appear to be the sister group of the Xena-
stciidae (Fig. I 16.5).

The genera Paraleucopis Malloch (Malloch l9l 3).
Gayomyia Malloch (Malloch I 933a), and Sr'/ir--t,srontyi o
Malloch (Malloch 1933a) comprise a natural group
(Hennig 197 Ia) of the Asteioinea. Poraleucopi.s was orig-
inally assigned to the Chamaemyiidae and this placement
has always been followed (Steyskal 191 l, 198 1 ). For con-
vcnience, it was left there in the key to genera of that lam-
ily (J. F. McAlpine, Ch. 88). Gayomyia was also referred
to the Chamaemyiidae by Colless and D. K. McAIpine
( 1970). However, the incomplctc Sc, the absence of spira-
cle 7 in both sexes, the radically different male and female
terminalia, and the nonaphidophagous habits ol the lar-
vae (some species of Paraleucopis live in birds' nests) ex-
clude them from the Chamaeml,'iidae. In my opinion all
three genera are more closely relatcd to primitivc Astei-
idae than to any other family.

As in all Asteiidae, spiracle 7 is absent in bolh sexes,
the frons is relatively strongly sclerotized, the orbital bris-
tles are reduced, the prosternum is o1'a size and form
characteristic of the Asteiidae. vcin C has a subcostal
weakening but is without a clear break, the apex of Sc is
evanescent and more or less fused with R,, and the cerci of
the female are relatively long and slender. Dcpending
upon the species, two or thrce sclerotized spermathccae
arc present in both Gayomyia and Paraleucc,tpis, and
three are present in Schizctstomyia. Also, depcnding on
the species, spiraclcs I to 5 may or may not be enclosed in
the margins of the tergites in Gayomyia, but they arc al-
ways in the membrane in Paraleucopis and Schizosto-
myia. An outstanding setula is present at the apex ol thc
wing in Schizostomyia, but it is absent in Gayontyia and
Paraleucopis. Some of the costal setulac in the anteroven-
tral row are distinctly enlarged in all species of Paraleu-
coprs (giving the impression of a weakly spinose C), and,
to a lesser degree, the same character is evidcnt in some
species of Gayomyia.

Within the Asteiidae, all three of thesc genera most re-
semble Leiomyza. As in that genus! thc arisla lacks a zig-
zag appearance, the vibrissac are extremcly weak, the
anterior margin of the facc is rather dceply notched, the
clypeus is enlarged and relatively protuberant, thc com-
pound eyes do not impinge on the facc, and the anterior
ommatidia are scarcely cnlarged. In all three genera, cell
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cup is well developed, a character that is absent in all
Asteiidae except Phlebosotera Duda (Chilc).

Pe rhaps Gayomyia sensu lato (really a complex of gen-
era lrom southern South America and Australia), Pa-
raleucopis (southern Nearctic and Neotropical regions),
and Schizostomyia (Chile) represent a separate subfam-
ily within the Asteiidae, or alternatively, a separate fam-
ily annectent to the Asteiidae. Further study is needed to
resolve their taxonomy and systematic relationships.

Superfamily Carnoidea

The Carnoidea ( : 61.t1o.opoidea) consists of nine fami-
lies: the Australimyzidae, Braulidae, Carnidae, Tethin-
idac, Canacidae, Milichiidae, Risidae, Cryptochetidae,
and Chloropidae (Fig. 116.6). Thc focal families are the
Milichiidae and Chloropidae; their relationships to each
other and to other Diptcra have always been puzzling and
unccrtain. Frey (1921) placed them as adjacent families
in his "Conopiformes." Hendel (.1922, 1936-1931)
placed them in annectent superfamilies in his "Drosophi-
lomorphae" and "Gruppe Drosophilides," respectively.
Sturtevant (1925 1926) placed them in a special group,
"Chloropiformes," stating that "the rudimentary seminal
receptacles with long fine ducts and pocket-like ventral
receptacle indicate that these two groups are close to cach
other." Curran (1934) and Harrison (1959) also treated
them as adjaccnt families. Hennig (1958) relegated both
to a section containing many families with confused or
vague aliinities, where he assigned them to separate su-
perfamilies, thc Milichioidea and Chloropoidea. At that
time he considered some of the remaining families were
related to the Chloropidae, whereas others may be more
closely related to the Ephydroidea (as Drosophiloidea).
As for the Chloropidae, he was unablc to frnd decisive ev-

idence for or against the opinion that it is more closely re-
lated to the Drosophilidae or to the Milichiidae. Speight
( I 969) noted that the shape of the precoxal bridge in the
Chloropidae and most M ilichiidae is similar to that of the
E,phydroidca (as Drosophiloidea). He suggested that the
Canacidae, Tethinidae, and Chloropidae be added to the
Ephydroidea, that the Milichiidae and Carnidae be added
to a superfamily containing the Heleomyzidae, and that
the Braulidae be left in isolation. Later, Hennig (1971a,
1973) agreed with Sturtevant (1925 1926) and treated
the Milichiidae and Chloropidae as sister groups in a sin-
gle superfamily, Chloropoidea; he rejected the idea that
either family belongs to the Ephydroidea, because of their
different antennal structure. Colless and D. K. McAlpine
(1970) placed both families in Ephydroidea (as Drosoph-
iloidea);later Colless and D. K. McAlpine (1975), mainly
on the basis of Hennig's (191 1a, 1973) action, recom-
mended separation ol the Chloropoidea (Chloropidae,
possibly Cryptochetidae, Milichiidae, Tethinidae, and
Canacidae) and the Brauloidea (Braulidae) from the
E,phydroidea (: Drosophiloidea). D. K. McAlpinc
(1982) reaffirmed this concept of the Chloropoidea, with
the possible exclusion of the Cryptochetidae (D. K.
McAlpine I 976). Griliiths ( 1972) placed the Chloropidae
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and Milichiidac, along with the Acartophthalmidae and
Carnidae, in his "Chloropidae family-group" in the
prefamily Tephritoinea. Andersson (1911) argued con-
vincingly against the inclusion of the Chloropidac in the
Tephritoinea, but agrced that the Milichiidae has many
featurcs in common with the ground plan ol thc Chloropi-
dae. Bickel (1982) placed both families in the Chloropoi-
dea along with the Carnidae, Tethinidae, and Canacidae.

From these various interpretations I conclude that,
broadly speaking, the Milichiidae and Chloropidae are
sister groups in a separate superfamily. This conclusion is
borne out by a number of synapomorphies now apparent.
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Consequently. the provisional arrangement of families
proposed in Volume I of the lvlanual (whereby the Mili-
chiidae, Carnidae, and Braulidae were assigned to the
Opomyzoidea, and the Chloropidae, Cryptochetidae,
Tethinidae, and Canacidae were assigned to the Ephy-
droidea ( : Drosophiloidea) is untenable. The most plau-
sible solution is to recognize the Chloropoidea as a sepa-
rate supcrlamily.

According to articles 35 and 36 of the International
Code of Zoological I'lomenclature (Ride, Sabrosky,et al.
1985), the proper name for arLy superfamily is the oldcst
included family-group name. 'fherefore, the propcr name
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fbr this superfamily is Carnoidca based on "Carnites"
Newman (1834), rather than Chloropoidea based on
"Chloropina" Rondani ( 1856).

More of the plesiotypic and apotypic ground-plen char-
acters of the Carnoidea were retained in the Australi-
myzidae and Carnidae than in any other families of the
superfamily. The male pregenital sclerites (segments 6, 7.
and 8) are less reduced and less fused in the Australi-
myzidae (see Griliths 1912) and the Carnidae (see Sa-
brosky, Ch. 80) than in any other members. Also, in both
these families the prosternum remained free from the pro-
pleuron (precoxal bridge present in ground plan of all
other families). The Australimyzidae are more general-
ized than the Carnidae in having tergite 6 of thc male lit-
tle reduced (strongly reduced in Carnidae), tcrgite 7 of
the male present and largely free, although reduccd
(more reduced or atrophied in Carnidae), cerci oi thc
female largely free but reduced (completely fused in Car-
nidae). On the other hand, they are more specializcd than
the Carnidae in having three fronto-orbital bristles (four
in Carnidae), spiracle 7 absent in both scxes (present in
ground plan of Carnidae), surstylus morc or lcss fused
with epandrium (free in Carnidae), and aedeagus more or
less bare and ribbon-like (large, convoluted, and hairy in
Carnidae). Meoneurites Hennig (fossil) and Neomectneu-
ri /es Hennig (Chile) are the most generalized members of
the Carnidae (see Hennig 1972a). They are more general-
ized than the Australimyzidae in not having a humeral
costal break (although a weakening may be present at this
location). Interestingly, both genera agree with the Aus-
tralimyzidae in having a possibly secondarill,' bare lnepis-
ternum (both setulae and bristlcs present in all other Car-
nidae); probably this character must be regarded as a

convergence. From this I conclude that thc Australi-
myzidae possibly together with the Braulidae (see later
discussion) is the plesrotypic sister group of the remaindcr
of the Carnoidea (Fig. 1 16.6). Because of the plesiotypic
relationship of the Australimyzidae to the remainder of
the Carnoidea, they also provide the best clues to the iden-
tity of the ancestral sister group of the Carnoidea.

Comparison of the ground-plan characters of the Car-
noidea with those of the Opomyzoidea shows a remark-
able coincidence of conditions in both suoerfamilies. The
following apomorphic conditions with respect to the
ground plan ofthe Acalyptratae are shared:

- first flagellomere short, discoid, more or less porrect;
face membranized along vertical midline (secondarily
sclerotized in most Canacidae and somc Milichiidae :

vibrissa present;

- C with a subcostal break;

- cell cup short, convexly closed, i.e. CuA, recurved on
A,;

- A, not attaining wing margin (secondarily lengthened
in some Tethinidae);
katepisternal bristle present;
metasternal area bare;
subscutellum relatively well developed; and

- hypandrial bridge weak or absent.

I I6 NEARCTIC DIPTER^

On the other hand, the following differences are noted
lor the Carnoidea (conditions that are more plesio-
morphic than in the ground plan ol the Opomyzoidea are
indicated bV (P), and conditions that are more apo-
morphic than in the Opomyzoidea are indicated by (A):

- wing not (or seldom) contrastingly patterned (P);
anepisternum without a raised ridge along postcrior
margin (P);
tergite 7 of the male present and relatively free, al-
though reduced (P),

- flexible distiphallus relatively simple (P);
one or more of uppermost fronto-orbital bristles out-
wardly curved (A);

- one or more of lowermost fronto-orbital bristles in-
wardly curved (A);
postocellar bristles relatively weak (A);
paravertical bristles presenl (A);

- vibrissa weak, poorly differentiated lrom subvibrissal
bristles:

- proepisternal bristle present (A);
proepimeral bristle present (A);
Sc weak or absent apically, and contiguous or fused
with R,(A);

- R, bare (setulose in Apataenus) (A);

- epiphallus absent (A); and
two spermathecae present (A).

The many apomorphic conditions (A) listed for the
Carnoidea attest to its monophyly. Thc four conditions
that are more plesiomorphic than in the Opomyzoidea
precludc its inclusion within the Opomyzoidea, but the
extensive list ol apomorphies sharcd by the Carnoidea
and Opomyzoidea indicate they are sister groups. It is
perhaps noteworthy that many similar specializations
occur (as convergences) in both superfamilies, e.g. reduc-
tion of fronto-orbital bristles, reduction of vibrissae, ap-
pearance of humeral break, loss of cell cup, reduction and
loss of A,, loss of crossvein bm-cu, and shortening of cell
om.

Within the Carnoidea two main evolutionary lines are
evident; a more generalized line leads to the Australi-
myzidae, Braulidae, and Carnidae and a more specialized
line leads to the Tethinidae, Canacidae, Milichiidae, Ris-
idae, Cryptochetidae, and Chloropidae (Fig. I 16.6). Ple-
siomorphically in the Australimyzidae-Carnidac line the
prosternum remained free from the propleuron (weak
precoxal bridge present in Braulidae, possibly related to
consolidation of all thoracic sclerites), vein A, remained
sclerotized on basal half, and the pregenital sclerites (ter-
gites 6, 7) oi the male remained relatively large and dis-
crete. Apomorphically in this line, the body size was re-
duced, deep antennal grooves developed, vein Sc became
very weak and more or less joined with R, at the apex, and
vein A, was lost. The Tethinidae-Chloropidae line re-
tained in its ground plan several more generalized condi-
tions; namely, larger body size, weaker antennal grooves,
a stronger, freer vein Sc, and a visiblc Ar. On the other
hand, this line acquired several apomorphic conditions as

follows;
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- precoxal bridge present (weak or absent in some
Milichiidae);

- vein A, desclerotized; and
pregenital sclerites of male reduced to one composite
syntergostern ite.

The cladistics of both groups are discussed in detail
under the individual families.

Australimyzidae. Separate family (and prefamily)
status was proposed by Grilliths (1912) for Australimyza
Harrison (Harrison 1953). The genus contains five known
species from New Zealand, Campbell lsland, Antipodes
lsland, Macquarie Island (Harrison 1959), and Australia
(Colless and D. K. McAlpine 1910, t9i5). ft was orig-
inally assigned to the Milichiidae, but Colless and D. K.
McAlpine (1970, 1975) referred it to the Carnidae. I
agree that it is related to both the Milichiidae and Carni-
dae (long combined with Milichiidac). but I also concur
with Grimths (1912) rhat because of its peculiar com-
bination of plesiomorphic and apomorphic charactcrs it
cannot satisfactorily be placed in either group. The highly
plesiomorphic structure of the male terminalia (tergite 6
large, tergite 7 largely free) and the free cerci of the fe-
male indicate that it arose prior to either the Carnidae or
Milichiidae, and it is therefore best treated as a seDarate
family. No fossils are known.

Australimyzidae is characterized by the following apo-
morphies with respect to the ground plan of the
Carnoidea:

- lower medioclinate fronlo-orbital bristles reduced. i.e .

only one strong pair present, and with a very small
medioclinate pair below them;

- prementum short and broad;

- labella short;
anepisternum bare;
katepisternum with two bristles;

- C with both humeral and subcostal breaks;

- tarsomeres 2,3, and 4 shortened;

- spiracles 7 absent in both sexes;

- spiracles 2 6 in margins of tergites;

- sternites very broad, especially sternites 4 and 5;

- epandrium reduced (but not divided into two halves as
reported by Griffrths 1972);

- surstyli more or less fused with epandrium;

- parameres long and strongly developed;

- distiphallus very long and slender, i.e. ribbon-like;
-- ejaculatory apodeme unusually elongate; and

- cerci of the female very short.

Braulidae. A separate family (Peterson, Ch. 8l) for
Braula Nitzsch (Nitzsch 1818), the only known genus,
has long been recognized; according to Rohdendorf
(1911), Gerstacker (1863) was the firsr to apply a family-
group name to it. It contains at least one species, the well-
known bee louse, B. ccteca Nitzsch. which seems to occur
wherever people utilize the honey bee. It is so extremely
reduced and so highly specialized that for most people it is
unrecognizable as a fly. Four other species, including two
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subspecies, were described by Orozi Pal (1966), but they
are scarcely distinguishable. llt is now generally agreed
that the family belongs to thr: Acalyptratae, but nearly
everyone who has studied it hras offered a different idea
about its relationships to other families (see Peterson,
Ch. 8 I ). Its autapomorphic characters include the
following:

- compound eyes lost;
ocelli lost:
arista unsegmentcd:

- thorax reduced and consolidated:

- precoxal bridge present;
scutellum lost;
wings and halteres lost;

- claws and pulvillae highly modified;
abdomen with six pairs of pleural sclerites (probably
derived from tergites);

- ejaculatory apodeme extremely reduced or absent;
and
female with one spermatheca.

None of these peculiarities is helpful in resolving the
relationships of the family to other Schizophora. However
the following plesiomorphic (P) and apomorphic (A) con-
ditions seem to suggest a closer relationship within the
Carnoidea, especially with the Australimyzidae:

- theca short (A);

- labella short (A);
tarsomeres i-4 uniformly short (2-4 short in Austra-
limyza (A);
first abdominal segment reduced, fused with segment
2 (A);

- abdomen with 5 pairs of spiracles, i.e. spiracles 2-6
inclusive (A), (usually six pairs in Australimyzidae,
i.e. spiracles I -6 inclusive);

- spiracle 7 absent in both sexes (A);

- spiracles enclosed in margins of tergites (A);
sternites 2 5 in both sexes large (A),

- tergite 6 of male large (P);

- remnant of tergite 7 of male present (P);
hypandrium elongate, becoming narrow anteriorly
(A);

- paramere strongly developed, elongate (A),
distiphallus long and slender (A);

- aedeagal apodeme long, rod-shaped, free from hypan-
drium (P); and

- cerciof female reduced (A), but largely separate (P).

Most of these characters agree fairly well with Austra-
limyza and may indicate that Braula is a highly derived
descendant from the same stock that gave rise Io Austra-
limyza. No fossils are known.

Carnidae. Most authors have regarded this little
family (Sabrosky, Ch. 80) as a subfamily of the Milichi-
idae, probably because some representatives of both fami-
lies are so similar in general appearance. For example, the
remarkable similarities in the size, form, color, chaeto-
taxy, and wing venation between Hemeromyia Coquillett
(Carnidae) and Madiza Fail6n (Milichiidae) can be mis-



1 Al l

leading until one examines the mouthparts, the proster-
num, and the male and female terminalia. Frey (1921) is

sometimes credited as being the first to treat the Carnidae
as a separate family, but, as noted by Rohdendorf (1911),
Newman (1834) was the first to propose a special familr-
group name (Carnites) for it. Hennie (1931b, 1958) re-
jected full family rank for it and was olthc opinron e ither
that the Carnidae and Milichiidae were subfamilial sister
groups or that the Carnidae were more closely related to a
subgroup of the Milichiidae. Latcr hc (Hennig 1965b,
1972a) showed both these alternatives to be wrong and
accepted separate family status for it. This concept is now
generally followed (Colless and D. K. McAlpine 1970,
1975; Griffiths 1972; Steyskal 1974; Sabrosky, Ch. 80;
and so on).

Hennig's (1912a) last analysis of the Carnidac contains
the most advanced evolutionary information on thc fam-
ily, but he still left open the qucstion of its closer relation-
ship within the Acalyptratae. Grilllths' (1972) opinion
that the Acartophthalmidae are the primitive sister group
of the Carnidae + Milichiidae * Chloropidae seems
highly improbable. I bclieve that the following synapo-
morphies between the Carnidae and Australimyzidae
indicate a sister group relationship betwccn thcm:

- body size reduced;
antennae in rather deep antennal grooves;
prementum relatively short and swollen;
labella short, round, and with few pseudotracheac;
paravertical bristles present in addition to wcak posto-
cellar bristles:

- lower fronto-orbital bristles medioclinate:
humeral break strongly developed;
R, bare: and
A, absent.

The following ground-plan autapomorphies support the
monophyly of the family:

- frons with two pairs of lower, incurved fronto-orbital
bristles:
frons also with one pair of relatively strong interfron-
tal bristles:
paravertical bristles relatively strong;

- postpronotum with three bristles, each pointing in a

different direction:
pleural membrane of male abdomen strongly setulosc;

- distiphallus densely pubescent;

- ejaculatory apodeme minute; and

- cerci of fcmale fused.

Carnidae contains fivc gencra, Mectneurites (fossil in
Baltic amber), Neomeoneurites (Chile), Hemeromyia
Coquillett (Holarctic), Meoneura Rondani (Holarctic),
and Carnus Nitzsch (Holarctic). Based on Hcnnig's
(191 2a) analysis, Meoneurite.s and l,leomeoneurites, Lo-

gcther, are the sister group of Hemeromyia, Meoneura,
and Carnus.Both Meoneurites and Neomeoneuriles have
no clear humeral break in C (symplesiomorphy), and both
have a bare anepisternum (synapomorphy), neither of
which condition occurs in thc rcmaining genera.

I I6 \IlARCTIC DIPTERA

Tethinidae. According to Rohdendorf (1977), family
status for this group (Vockeroth, Ch. 101) dates from
"Becker I 895," but I have been unable to verify this. Its
monophyly was affirmed by Hennig (1958) and reaf-
firmed by Grillrths (1912), Sabrosky (1978), and D. K.
McAlpine (1982). Ground-plan conditions for it and the
annectent Canacidae arc compared in Table 116.8; au-
tapornorphic conditions are marked bV (A), and synapo-
morphic conditions are marked by (SA).

Five of the characters listed are considered synapo-
morphies between Tethinidac and Canacidae; these arc
clear indications ol a sister-group relationship between
them, as intimated by Hennig (1958), Grifllths (1912),
and D. K. McAlpine (1982), and may even indicate that
they arc subgroups of a single family (D K McAlpine
1982. 1985a). Most of the differences betwcen them re-
late to conditions that are morc apomorphic in the Cana-
cidae than in the Tethinidae. Howcver, the dorsal pregen-
ital sclerite of the male is less reduced in the Canacidae
than in the Tcthinidae. A thorough cladistic analysis ol all
gencra of both lamilies is nccded.

I do not agree with Hennig (1958), Griffiths (1912),
Sabrosky (1978), and D. K. McAlpine (1982) that the
relatively widely spaced, convergent bristles usually pre-
sent in the Tethinidae (and Canacidae) lateral to, and

behind, the posterior ocelli are true postocellar ( : post-

vcrtical) bristles. These bristles are paravertical bristlcs
sensr.r Steyskal ( 1976) [ : inner occipital bristles sen'rtl
Hendel ( 1928)1. Also, I do not agree with Hendcl ( 1928)

and Malloch (1948) that a pair of hne, closely placed,
rvidely divergent bristlcs, present in some species of
Tethina Haliday and in all specics of Dasyrhicnoessa
Hendel at the posterior margin of the occllar trilnglc, are

truc postocellar bristles. Variation in thc size and strength
of these latter setulae among different species of Tethina
(and in different genera of Canacidae and Ephydridae)
shows that in cases in which they are rclatively strong,
they are simply specializcd ocellar setulae and are not
homologous with true postocellar bristles. Confusion aris-
ing from misidentification of these specialized ocellar set-

ulae (hereby named "pseudopostocellar bristles") and the
absence of postocellar bristles is dispelled when one obs-

erves the presence of truc postocellar bristles in the Carni-
dae (in which they are parallel) and in some Milichiidae
(in which they are usually convergent, as in the Heleo-
myzidae and some Sphaeroceridae). Convergent paraver-
tical bristles occur in these latter four families (which also

have postocellar bristles), as they do in the Tethinidac
(which do not have postocellar bristles). In some Tethin-
idae the paravertical bristles are extremely weak, e.g. spe-

cies of Pelomyia Williston; in others they are rclatively
strong and close together, e.g. species of Apetaenus
Eaton, and in still others they may be subparallel, e.g.

l,l eope I omy ia rost r at a ( Hendel).

As stated by D. K. McAlpine (1982): "The family
Tethinidae is a diffuse one, and scveral of the included
genera seem to be rather distantly related ro Tethina and
its allies." This relationship is especially true in the case
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Table 116.8 Comparison of character states in ground plans of Tethinidae and Canacidae

Character Tethinidae Canacidae

Postocellar bristles
Precoxal bridge
Proepisternal bristle
Proepimeral bristle
Presutural dorsocentral bristle
Prescutellar acrostichal bristle
Anepisternal bristles
Katepisternal bristles
Vein A,
Vein A,
Habits
Dorsal pregenital sclerite (d)
Paravertical bristle
Outer occipital bristle
Lower fronto-orbital bristle(s)
Face
Vibrissal angle
Gena
Clypeus
Prementum

Labella
Spiracle 7 (9)
Hypandrial bridge
Aedeagus
Cerci (9)

absent (SA)
present
present
present
present (sA)
present (SA)
present (3) (SA)
one
short (exccpt Apetaenus)
long
halophilous (SA)
single, short (A)
presenl
present
inclinate
desclerotized to weakly convex
with protuberance (A)
without upcurved bristle(s)
narrow (wide in Apetaenus)
long, not deeply incised
distally (except Apetaenus)
long, geniculate (A)
present or absent
absent
long
simple, blunt with
fine hairs

absent (SA)
present
present
present or absent
present (SA)
present (SA)

:;:'*, 
(2-3) (sA)

short
long
halophilous (SA)
single, long
absent or reduced
absent
lateroclinate (A)
very protuberant (A)
unmodified
with upcurved bristle(s) (A)
very wide (A)
short, broad, deeply
incised distally
short, nongeniculate
present
present, with spine (A)
short (A)
strongly sclerotized,
curved with one or
two apical spines (A)

A
SA

Autapomorphic condition.
Synapomorphic condition.

of Apetaenus, which agrees with most ground-plan char-
actcrs of Tethinidae, but which also disagrees in several
lmportant, perhaps plesiomorphic, and scveral apo-
morphic conditions, e.g. vibrissal angle without discrete
protuberances, Sc strong throughout and almost entirely
free from R,, R, setulose, (at least in A. australi.s Hut-
ton), A, virtuaily reaching wing margin (plesiomorphic
conditions), clypeus much enlarged (as in Canacidac),
mouthparts relatively short, paravertical bristlcs strong,
relatively closely placcd, and outer occipital bristlcs ab-
sent (apomorphic conditions). The male and fcmale ter-
minalia, however, agrec completely with those of thc
Tethinidae.

The only autapomorphic character found for rhe lamily
is the peculiar, usually shiny, protuberance on the vibris-
sal angle just above the vibrissa, but even this featurc may
not be part of the ground plan because it is scarcely visi-
ble, il present at all, in Apetaenus. Perhaps it applies to
only a subgroup of the Tethinidae. The proboscis in the

Tethinidae (except Apetaenus), as in the Milichiidae and
Chloropidae, is relatively long and geniculate. Possibly
this character is the result of homoplasv in the Tethin-
idac, and ifso, it could be considered un udditionul autan-
omorphic condition.

The family, as now accepted (Sabrosky 1978, D. K.
McAlpine 1982, Vockeroth, Ch. l0l), is compriscd of ll
genera, Apetaenus, Dasyrhicnoessa, Horaismoptera
Hendel, Macrocanace Tonnoir & Malloch. Masoniella
Vockeroth, Neopelomyia Hcndel, Pelomyia, Pelomyiella
Hendel, Pseudorhic'noessa Malloch, Tethina, and Tethi-
nosoma Malloch; in all, it contains less than 100 de-
scribcd species. Representatives occur on all thc conti-
nents and on many oceanic islands. Most species are
littoral, and all species are holophytic (Sabrosky 1978).
No fossils are known.

Canacidae. Hendel ( 1916) may have been the first to
rank this little group as a separate family (Wirth,
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Ch. 102). At that time and for some time after. it was as-

sociatcd with the Ephydroidea (as Drosophiloidca). espe'
cially the Ephydridae. Beginning with Sturtcvant (1925
1926), this association was recognized as incorrect. lt is

now more or less agreed that it is most closely rclated to
thc Tethinidae (Hennig 1958, Grililths 1972. D. K.
McAlpine 1982). Synapomorphic charactcrs of both f'am-
ilies are tabulated in Table 116.8. At least seven mostli,
autapomorphic characlers, also listed in Tablc I 16.8, at-
tcst to its monophyly. Most of these conditions are apo-
morphic in relation to those of the Tethinidae, but the
larger size and more obviously compound structure of the
dorsal pregenital sclerite of the male is more plesio-
morphic than in any known tethinid. D. K. McAlpine
(1982) retained separate family status for both groups,
because "this sclerite of the Canacidae cannot be derived
from that of Tethinidae, and must be cither more primi-
tive than that of Tethinidae, or must have evolved along
different lines." I believe that thc consolidated dorsal prc-
genital sclerite developed from remnants of segments 6, 7,

and 8, and I consider it probable that both the Tethinidae
and Canacidae evolved from a common ancestor in which
this sclerite was more similar to that of present-day Cana-
cidae. I agree with D. K. McAlpine's suggcstion that per-
haps the Canacidae would be better classilled as a sub-
group of the Tethinidae. As indicatcd under that lamill'. a

thorough study of all gcnera of both families is required to
properly rcsolve this question.

In the Canacidae. as discussed under Tethinidae, true
postocellar (: postvertical) bristles arc absent. D. K.
McAlpine (1982) incorrectly applied the name "postver-

tical bristles" in both families. The convergent bristles
referred to in the Tethinidae are paravertical bristles, and
the nonhomologous divergent ones sometimes present in
the Canacidae, (as in Tethinidae) are specialized ocellar
setulae herein called pseudopostocellar bristles.

Canacidae, or beach flies, are found throughout the
world, primarily along marine shorelines where they
breed in various species of algae. In all, about 90 species

are known belonging to I 2 genera'. Canace Haliday, Can'
ccea Cresson, Canaceoides Crcsson, Chaetocanace Hen-
del, Dynomiella Soika, Isocanace Mathis, l{ctc'ticanace
Malloch, Paracanace Mathis & Wirth, Procanace Hen-
del, Trichocanace Wirlh, Xanthocanace Hendel, and
Zalea D. K. McAlpine 1985n (new name for Zale D. K.
McAlpine 1982, homonym ol Zale Heubner 181 8. Lcpi-
doptera). Only three of these, Canace, Canaceoides, and
Ittctcticonctce, occur in the Nearctic (Wirth, Ch. 102).

D. K. McAlpine (1982) divided the family into two
subfamilies, the Zalinae (corrected to Zaleinae by D. K.
McAlpine 19854) and the Canacinae. The same year,

Mathis ( 1982) recognized two "subfamilies," the Canaci-
nae and Nocticanacinae. within the Canacinac oi D. K.
McAlpine. As pointed out by D. K. McAlpine (l985rz),
these taxa are of a lower rank than the Zalcinae. Thus, if
the subfamily Zaleinae is included in the Canacidae, or if
the family Canacidae is expanded to include the closely
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rclated Tethinidae, Mathis'taxa should be placed as sub-

ordinale subgroups of the subfamily Canacinae. No fos-

sils are knorvn.

Milichiidae. This family is probably the most diverse

(Sabrosky, Ch. 79) of the Carnoidea' The form of the

adults varies from carnid-likc genera such as Desmr'tme-

topa Loew, through agromyzid-like gcnera such as Aldri-
chiomyza Hendel, and chloropid-like forms such as

MacJiza, to stout-bodied, tachinid-like genera such as

Eusiphona Coquillett and Pholeomvia Bilimek. Many
characters that are relatively stable diagnostic features in

related families vary within the Milichiidae. For example,
postocellar bristles may be convergent, parallel' or diver-
gent; the ocellar plate may be enlarged or reduced; the

number and inclination of fronto-orbital bristles varies

widely among the different genera; the precoxal bridge is
sometimes absent (possibly through secondary reduc-

tion), the propleural carina may be present or absent; the

anepisternum may be setulose or bare, cell cup may be

present or absent; crossvein dm-cu may be prescnt or ab-

sent; vein A, may be strong or weak; a sensory area may

be oresent o? absent on the hind tibia, spiracles i 5 may

be in the membrane or enclosed in the margins of thc ter-
gites. Despite its diversity, however, it has long been rec-

ognized ai a separate family (Hendel 1902, 1903), and it
iJgenerally argued that it is a monophyletic unit (Hennig

I 958. Griflrths 1972).

The most significant ground-plan characters are listed
in Table I 16.9, in which they are compared with homolo-
gous conditions in the Risidae, Cryptochetidae, and Chlo-
ropidae. Most ol these characters are apomorphic with
respect to the ground plan of the Acalyptratae, and the
fact that so many of them are shared by all four families
affirms their membership in, and the monophyly of, this
subgroup of the Carnoidea. The family Milichiidae is cer-

tainly the most generalized member of the subgroup'

Autapomorphic characters in the ground plan of the
family include the follorving:

- lunule relatively extensively exposed;

- frons with sclerotized interfrontal strips; and

C more or less notched at subcostal break'

Griffrths' (1912) statements, that the male tergite 6 is
completely lost, and that parameres (postgonites) are ab-

sent in the ground plan of the Milichiidae, are incorrect

lsce Sabrosky. Ch. 79. Figs. 79. I 0 I I ).

Two subfamilies, the Madizinae and Milichiinae, have

been recognized almost from the outset (Hendel 1913).

According to Sabrosky (Ch. 79), they are composed of l9
genera, many of which have worldwide distributions, con-

iaining about 190 described and numerous undescribed

speciei. The literature on the family is scattered, and no

up-to-date key to, or list of, the world genera is available'

Fiom an evolutionary standpoint Hennig's (1931 b'

lg3gb, 1958) pioneering works are probably the most in-
formative. A thorough study of the systematics of the
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Table 116.9 Comparison of character states in Milichiidae, Risidae, Cryptochetidae, and Chloropidae

Characters Milichiidae Risidae Cryptochetidae
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Chloropidae

Postocellar bristles

Upper I'ront-orb.
bristles

Lower front-orb.
bristl es

Vibrissa
Interfrontal plates
Ocellar plate
Prementum
Labella
Maxillary lacinia
Propleural carina
Proepisteral bristle
Proepimeral bristle
Prescutellar

acrostichal bristle
Presutural

dorsocentral bristle
Disc of scutellum
Humeral break
Subcostal notch
Subcostal break
Sc
Al
A2
Cell cup
Sensory area on

hind tibia
Pregenital

sclerite (d)
Spiracle 7 (d)
Distiphallus

Spermathecae

)i.,-rluilvBt. ulvBtr ul
absent

2 lateroclinate

2 inclinate

reduced
present or absent
small to large
elongate
elongate, geniculate
rudimentary
absent or present
present
absent
present

present

bare
present
present (absent)
present
apical half reduced
reduced
long, strong
present (absent)
present or absent

one

present, absent
reduced, membranous,

2 reduced

divergent'l absent

2 lateroclinate

2 inclinate

reduced
absent
enlarged
elongate
elongate, geniculate
,!

?

?

absent
present

absent

setulose or bare
present
a bsent
present
apical half reduced
reduced
reduced
absent
?

none

absent
bare, reduced

absent

convergent? absent?

several? lateroclinate

unrecognizable

reduced
absent
enlarged
reduced
short, nongeniculate
?

present
absent
absent
present

absent

setulose
present
absent
present
apical half reduced
reduced
long, strong
present
present

one

absent
rigid, bare

1or2

convergent

2 lateroclinate

I or 2 inclinate

reduced
absent
enlarged
elongate
elongate, geniculate
rudimentary
present
present
absent
present

present

setulose
absent (present)
absent
absent
apical half reduced
reduced
reduced
absent
present

one

present
reduced, membranous,

bare
2 reduced

family on a world basis is badly needed. Two fossil spe-
cies, both in the genus Phyllomyza Fall6n, are known
from Baltic and Mexican amber (see Sabrosky, Ch. 79).

Risidae. Separate family status for this group seems
redundant. It includes only Risa Becker (Becker 1907),
which contains only three species, R. longiroslris Becker
(Becker 1907) (Tunis), R. mongolica Papp (Papp 1971a)
(Mongolia), and R. longicornuta Papp (Papp 1980) (Fa-
roe fslands), and Achaetorisa brevicornis Papp (Papp
1980) (Morocco). Risc was usually placed in Milichiidae
(Hennig 1965b, Steyskal 1968b) until Papp (1911b)
erected a separate family for it because "some of the ce-
phalic features, thoracic chaetotaxy and more cspecially
the structure of the abdomen (are) so strikingly different
from Milichiidae." He considered it to be closelv related
to the Eohvdridae.

I have not seen any representatives of either Risa or
Achaetorisa Papp, but judging from descriptions (Hennig
1931b, Papp 1917b) ft seems to me the differences noted
do not exclude them from the Milichiidae. They agree
with the Milichiidae in many significant characters
(Table 116.9), including elongate mouthparts with ge-

niculate labella, rather exposed lunule, two medioclinate
lower fronto-orbital bristles and two outwardly directed
upper fronto-orbital bristles, two costal breaks, absence of
sclerotized spermathecae, and presence of large sclero-
tized ventral receptacle (asin Pholeomyia).

Apomorphies of the Risidae with respect to the ground
plan of the Milichiidae, include the following:

- face with a median tubercle:
frons without discrete sclerotized strips:
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postocellar bristles rcduced, divcrgent'? ;

fi rst fl agellomere elongatc;

- clypeus vcry narrow;

- anepisternumsetulose,
scutum with reduced bristlins:
C ending at R, -.:
crossvein dm-cu absent:

- cell cup absent;

- abdominal spiracles in margins ol tergites;
spiracle 7 absent;

- dorsal pregenital sclerite of male absent; and
sternite 8 of female spinulose.

All these conditions cither occur or might bc cxpected
to occur in the Milichiidae. According to Sabrosky's key
(Ch. 79), both Risa and, Achaetorisa would fall in thc
subfamily Madizinae, with other distinctive milichiid
genera such as Paramyia Williston (with very similar
wing venation and relatively long first flagellomere) and
Aldrichiomyza, (also with rather elongate first flagello-
mere). The possibility that the Risidae is a sister group of
a subgroup of the Milichiidae cannot be ruled out without
much more dctailed analysis of both groups. Certainly it
is excluded from thc Ephydroidea on the basis of the dii-
fcrent structure ol its antennac, its mouthparts. and its
frontal bristling. Thc resentblirnces \\ irh rhe Ephl,dridac
noted by Papp must rcsult from hornoplasy. According to
Papp (1980), the larvae of A. bret;icorm.r are parasitic on
larvae of the moth Ancyclosis (Cobatia) lacteicostella
(Ragonot) in stems ol Halctgeton sativus. Probably it is
associated with the moth larvae in Halogeton! as re-
ported, but it secms doubtful whcther it is a true parasitc.
No lbssils are known.

Cryptochetidae. The main genus, Cryptochetum
Rondani, was referred to at least six different families by
various authors before Brues and Melander ( 1932)
ranked it as a separate family (J. F. McAlpine, Ch. 100).
The Chamaemyiidae, Lonchaeidae, Milichiidae. and
Drosophilidae have been regarded as the nearest relativcs
of the groups. Hennig (1958) placed it as a family of un-
certain relationship, but showed thart a closc alliniry with
the Chamaemyiidae can ccrtainly be excluded; he also
ruled out the Lonchaeidae and Milichiidac and consid-
ersd that a closcr relationship with the Ephydroidea (as
Drosophiloidea) was the most valid, albeit not actually
compelling, assumption. Latcr, he (Hennig 1969b) doubt-
fully referred the family to the Milichioidea and thcn
(Hennig 197 1a) affirmed that on thc basis of antennal
structure it could not belong to thc Ephydroidea. Finally,
he (Hennig 1973) again placcd it among farnilics with
uncertain relationships. Grilllths (1912) revivcd the mis-
taken notion that the Cryptochetidac is a sister group of
the Lonchaeidae. D. K. McAlpine (1976) showed that
Griffiths' conclusion is untenable on various grounds and
assigned it to an isolated position in his Drosophiloidea.
His conclusion rested to a Iarge extent on the premise that
his ncw genus, Librella D. K. McAlpinc from Australia,
is a primitive cryptochctid, i.e. the sister group ol the fos-
sil genus Phanerochaetum Hennig (Hennig 1965b,
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1969b) * Cryptochetum. I agree that Librella probably
belongs to thc Ephydroidea, but I am unconvinccd that
cithsr it or Phqnerochaetum are closely related to the
Cryptochetidae (as discussed later). My orvn conclusion
(J. F. McAlpine, Ch. 100) is that thc Cryptochetidae,
sensu stricto is a member of the Carnoidea, and that it,
together with the Chloropidae, is a sister group of the Mi-
lichiidae + Risidae (Fig. I 16.6). Hennig ( 1958) listed 13

apomorphic characters for the Cryptochetidae, based on
the genus Cryptochetum sensu lato. The addition of
Phanerochaelum tuxeni Hennig (1965b, 1969b) from
Baltic amber and Librella demetrius D. K. McAlpine
(D. K. McAlpine 1976) irom Australia has complicated
matters with rcspect to the definition, characterization,
and relationships of the family. According to Hennig's
descriptions, P h ane roc hqe t um agr ees with C ry pt oc he t u m
sensu lato as follows: first flagellomere elongate, vibrissa
reduced, fronto-orbital bristles reduced, C with both
humcral and subcostal breaks. crossvein bm-cu wcak or
abscnt, ccll cup small, vein CuA, recurved.

The venation in the anal area of the wing is of para-
mount importance in establishing close relationships in
the Carnoidea or the Ephydroidea ( : Drosophiloidea). In
both groups CuA,, when present, is recurved on vein A,.
Both A, and A, are in some cases present and evident and
in some absent or indistinguishable, especially in the
Carnoidca. Often these two veins are confused by diflcr-
ent workers, which has lcd to wrong assulnptions about
the rclationships oi their bearers.

In the ground plan of thc Carnoidea, both A, and A,
arc prcsent; they are easily distinguishable in the Austra-
limyzidae, Carnidae, Tethinidae, Canacidae, many of the
Milichiidae, and the Cryptochetidae. In the Ephydroidea,
A, is rarely distinguishable (see species ol Apsinota
Wulp), but A, sometimes much resembles Ar. Hennig
(1958) misidcntified A, in Cryptochelum as A,, but he
drerv special attention to its position closer to the n.rargin
of the anal lobe. Unfortunately, he apparently overlooked
the remnant of A,, which is clearly present along the hind
margin of cell cup, and which extends as a fold well into
the membrane anterior to A, in most members of the ge-
nus. Later, Hennig (1965b, 1969b) confused A,, which is

rclatively strongly developed in Phanerochaetum. (but A.
is apparently not evidcnt), with A, in Cryptochetum. Col-
less and D. K. McAlpine (1970) correctly interpreted A,
in Cryptochetum and drew attention to its strong develop-
ment in the family. In describing Librella, D. K. McAl-
pine (1976) correctly identificd the anal vcin in Librella
as A, (as in Phanerochaetum), but unfortunately, he fol-
lowed Hennig's lead and also confused it with vein A, in
Cryptochetum. Atthe same time, however, he noted that
A, is present in the Canacidae, in the Tethinidae, and in
some less reduced Milichiidae.

A wide interruption or weakening midway along the
posterior boundary of cell cup, such as is depicted for Li-
brella, is a consistent, though frequently overlooked, apo-
morphic featurc of the Ephydroidea ( : Drosophiloidea).
As shown by Hennig (1958), a similar but shorter weak-
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ening is evident in some Nerioidea (e.g. Pseudopom))za
Strobl), some Tephritoidea (e.g. Lonchaeidae), some
Opomyzoidea (e.9. the Clusiidae, Acartophthalmidae,
Odiniidae, and Agromyzidae), and probably others, but
this type of interruption is not present in any Carnoidea
including Cryptochetura (see frgures in Thorpe 1941). A
reexamination of P. tuxeni is necessary to establish, if
possible, the exact conditions of cell cup and adjoining
veins in that species. From Hennig's (1965b, 19696) de-
scriptions, P. tuxeni differs from Cryptochetunt sensu
lato as fbllows: arista elongate, pedicel with a pronounced
dorsal notch, compound eye bare, ocelli situated in an
equilateral triangle and located right on vertex, occllar
triangle not delimited from frons, frons not densely setu-
lose, vertex without accessory bristles, postocellars con-
vergent, cell cup differently shaped, vein A, diffcrcnti-
ated. In my opinion, the factual information Hcnnig
provided for Phanerochaetum contains no compelling ev-
idence for its membership in the Cryptochetidac. The
wing venation, in particular, seems to have more in com-
mon with the Ephydroidea than with any Carnoidea.

D. K. McAlpine (1976) found Phanerochaetum tobc
essentially similar to Librella, but with rcduced cephalic
chaetotaxy and with an increased number and size ol scu-
tellar sctae. According to his description of Librella, it
has, among others, the following characters that arc im-
portant for establishing its relationships; those characters
that represent possiblc synapomorphies with thc Dro-
sophilidae are preceded by an asterisk:

- arista elongate;

- compound eye bare;* pedicel with a pronounced dorsal notch;* pedicel with a dorsal seam extending almost to its
base:
lirst flagellomere relatively long and drooping;
ocelli in an equilateral triangle high on vertcx:
ocellar triangle not enlarged or strongly delimited
from frons:

- vertex with normal comolemcnt of bristles:

- 
* postocellar bristlcs convcrgcnt:* face uniformly sclerotized, and with a low, slightly
angular carina;

- 
* prosternum with distinctly sclerotized prccoxal
bridge;
main thoracic bristles present and distinct;

- 
* bristle present between postcrior notopleural and
supra-alar bristles,

- 
* scutellum broad and convex, not sharply margined;
x scutellum bare on disc, with two pairs of bristles.
the apical ones strongly convergent;
C with both a humeral and a subcostal brcak:

- 
* C with thickened costal spinules in a single antero-
ventral series extending from humeral break to near
insertion of Rr*r, and with an anleroventral series of
weaker setulae over same extent;

- crossvein bm-cu absent;* vein CuA, thickened and strongly rccurved;* cell cup with a large interruption in posterior
marstn:
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- 
* vein A, short, directed posteriorly from posterior
margin of cell cup;
* vein A, indistinguishable;

- 
* tibiae each with a preapical dorsal bristle;
spiracles I 6 present, in abdominal membrane; and

- 
* two spermathecae present, strongly sclerotized,
brown pigmented.

Individually some of the characters are indecisive as

indicators of close relationship, because they are found in
a number of families and superfamilies. ln combination,
howcver, they indicate that Librella has much more in
common with the Drosophilidae than with any other lam-
ily (see characters that are preceded by an asterisk). In
my opinion, the assignment of both Phanerochaetum and
Librella to the Cryptochetidae should be reconsidered.

The iollowing ground-plan charactcrs of the Crypto-
chctidae (exclusive of Phanerochaetum and Librella) are
noteworthy. Almost all of them are apomorphic with re-
spect to the Acalyptratae; those that arc synapomorphic
with the Milichiidae, at least in part, are marked with
(AM), thosc that are synapomorphic with the Chlorop-
idae, at least in part, are marked with (AC); and those
that are autapomorphic are marked with (AA):

larvae with a pair of long tails (gills?) on caudal seg-

ment (AA);
anterior spiracles of larvae retractile;

- posterior spiracles of larvae forming postcroventrally
curved hooks (AA);

- larvae endoparasitic in monophlebine scale insects
(AA);
first flagellomere elongate and drooping (AM, AA);

- arista greatly reduced (AA);
pedicel without a dorsal notch or seam (AM, AC);
distal margin of pediccl with a long, clavate connec-
tion penctrating deeply into base of first flagellomere
(AM):
proximal margin of first flagellomere and distal mar-
gin of pedicel rounded (AM, AC);

- vibrissae reduced (AA, AC);
posterior ocelli widely separated (AA);
ocellar triangle enlarged (AM, AC);

- frons abundantly sctulose (AC);
compound eyes enlarged (AM),
compound eyes hairy (AC, AM);

- palpi unusually stout (AA);
labella peculiarly armed (AA);
precoxal bridge present (AC, AM);
propleural carina developed (AM, AC);

- scutum and scutellum densely sctulose (AC);

- main bristles of scutum reduced (AA, AC);

- scutcllum enlarged, convex strongly margined (AC);

- notopleuron with several bristles posteriorly (AC);
anepisternum bare (AM, AC);
anepimeron, posteriorly, with decp indentation (AM);

- pleural area below wing base with peculiar ear-like
lobes (AM);
costal spinulae not aligned in anterodorsal and
antcroventral rows:
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- C with both humeral and subcostal breaks (AM):

- cell cup present, small (AM);
posterior boundary of cell cup weak but entire (AM);
vein CuA, recurved (AM);

- vein A, reduced (AM);

- vein A, strong, traceable to wing margin;

- tibiae with preapical dorsal bristles;
hind tibia with sensory area (AM, AC);

- sternites 1-5 reduced (AA):

- spiracle 6, only, functional in both sexes (AA);
surstyli fused to epandrium (AA. AM, AC);

- parameres large, setulose partially enveloping ae-
deagus (AA, AM);
aedeagus slender, reduced (AM, AC):

- e.;aculatory apodeme reduced (AM);

- sternite 8 of female forming peculiar piercer (AA);
cerci of female reduced (AA): and

- spermatheca one (AA).

This combination of characters establishes that the
Cryptochetidae (exclusive ol Phanerochaetum and Zr-
brella) belong to the Carnoidea, that the family is a
highly specialized monophyletic unit, that i1 shares a
number of synapomorphies with both the Milichiidae and
Chloropidae, and that it must have arisen more recently
than Milichiidae but prior to Chloropidae (Fig. I 16.6).

About 25 species, all belonging Io Cryptochetum sensu
lato, are known (J. F. McAlpine, Ch. 100). Thesc are
mainly endemic to the Ethiopian, Oriental, and Austra-
lian regions, but a few occur in the southern Palearctic
region. None are endemic to the New World. As already
indicated, it seems doubtful whether the fossil species
P. tuxeni or the Australian species Librella demetrius
D. K. McAlpine actually belong to this family.

Chloropidae. This family is one ol the largest and
most ubiquitous families (Sabrosky, Ch. 99) of Acalyp-
tratae, but despite this it is also one of the most closely
knit, most easily recognized, and most clearly defined
members. lts family-group status originates from "Chlo-
ropina" Rondani (1856), based on Chlorctps Meigen
(Meigen 1803), the first separate chloropid genus. The
family name, Oscinidae, based on Oscinis Latreille (La-
treille 1804) (: Chlorops) and "Oscinides" Fallen
(Fall6n I 8204), was used extensively in the l9th century
but was replaced by Chloropidae after the synonymy
between Chlorops and Oscinis was established (An-
dersson 1977). Two families, Mindidae and Echiniidae,
proposed by Paramanov (1956 and 1961, respectively)
are synonyms of the Chloropidae, as established by D. K.
McAlpine ( 1958b) and Sabrosky (1962), respectively.

Recently, Andersson (1911) subjected Chloropidae to
one of the most exemplary systematic and phylogenctic
analyses yet carried out on any largc acalyptrate family.
Following an exhaustive study of character transforma-
tions within the family, he drew up a description of the
hypothetical stem species. On the basis of this work the
following characters, which are apomorphic with respect
to the ground plan of the Acalyptratae, can be listed.
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Those that are synapomorphic with respect to the ground
plan of Milichiidae are marked (AM), those that are au-
tapomorphic are marked (AA):

larvae phytophagous, attacking monocotyledonous
plants (AA);
maxillary lacinia reduced (AM);

- postocellar bristles convergent (AM);

- frons with a large, distinct ocellar triangle (AM);
lrons with three fronto-orbital bristles, the posterior
one posterolaterally directed, the two anterior ones
anterolaterally directed (AA) ;

- frons with distinct interfrontal setulae (AM);
facial carina more or less distinct (AM):

- scapular bristles (anteriormost presutural dorsocen-
trals. see Andersson 1971,p.26) present (AA);
propleuron with well-developed carina (AA);

- anepisternum with a few short bristles (AA);
katepisternum with one bristle (AM);
Sc reduced on apical half (AM);

- crossvein bm-cu absent (AA);
cell cup absent (AA);
A, reduced or absent (AA);

- M with a distinct inflexion at middle of basal section
(AA):
hind tibia with a sensory area (AA);

- distiphallus membranous, without pubescence (AM);
female with two rudimentary spermathecae on long
ducts (AM);and

- female with a pocket-like ventral receptacle (AM)

Sturtevant (1925 1926) first stated that the rudimen-
tary seminal receptacles, with their long, fine ducts, and
the pocket-like ventral receptacle indicate that the Chlo-
ropidae and Milichiidae are closely related to each other.
Hennig (l97 la) concluded that these similarities noted
by Sturtevant, along with other synapomorphic ground-
plan characters of the Milichiidae and Chloropidae, "do
not contradict the assumption that they are sister
groups." Griltrths (1912) and Andersson (1971) accepted
the same viewpoint. Andersson (1911) noted that the
ground plan of the Milichiidae has many features in com-
mon with the Chloropidae (see characters marked AM in
the previous list), but profered no opinion about a sister-
group relationship between them. In my opinion, the sis-
ter group of the Chloropidae probably is the Cryptochet-
idae, and these two families together comprise the sister
group of the Milichiidae + Risidae (Fig. 116.6). The
Chloropidae remained more generalized than any of the
other three families in not acquiring a humeral break in
C, but it developed its own set of autapomorphies in the
wlng.

Three subfamilies, the Siphonellopsinae, Oscinellinae,
and Chloropinae, are usually recognized (Kanmiya
I 983). Andersson ( I 977) discussed the phylogenetic rela-
tionships within the family and concluded that the latter
two subfamilies together are a sister group to the Si-
phonellopsinae; Narchuk ( 1983) raised the Siphonellopsi-
nae to full family status. In all, some 2000 species, from
all over the world. have been described in ovcr I 60 valid
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genera (Sabrosky, Ch. 99). One fossil specics, protct-
scinella electrica Hennig (Hennig 1965b) from Baltic
amber is known; other fossil species. most of which were
erroneously referred to the iamily, were discusscd by
Hennig in the same paper. The report by J. F. McAlpine
and Martin (1969) of a chloropid in Canadian amber
(Cretaceous) is wrong. Subsequent, more detailed study
of this specimen revealed it to be a member of the
Sciadoceridae.
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Superfamily Sphaeroceroidea

This superfamily (Fig. 116.7) contains only three or
four main groups for which separate family rankings
seem warranted, i.e. the Heleomyzidae [including Bor-
boropsidae (Griliiths 1972), Chiropteromyzidae (Frey
1952), Cnemospathidae (Enderlein 1938), Hetero-
myzidae (Griffiths 1972), Notomyzidae (Griffiths 1972),
Rhinotoridae (Williston 1896, Hendel l9l6), and Trixos-

$; -1; i a'E

3l::q-iF
s; ls +{
cft [acfr

" *od5
6 -d'3

o
!

oce larsetae atera lyp aced

2 spermathecae

HELEOMYZIDAE

TFIXOCELIDS

RHINOTOFIDS

6q

d
q

g
I
=

n

CJ)-U
I
m
T

m
T

a
o
m

m-o
r
o
7

-
m

J: A qP_-?
fgt:eF
.-; a: d E

3 N: Fil
1*E3B

33

d6

6o

=

eyes,w ngs,and halteres vest gial
peculiar body form
nhabils bal caves

mouthpans and pa pi reduced
sursty i fused w th epandr um
2 spermathecae

h ndlarsomere I stoul
Sc ncomplete
peculLarvenabon
c ypeus rarge

poslpronotum wrtn addrlona 0nsl es
scurum unus!a y numpeo
ce ls bm and dm confl!enl
aedeagus enlarged C-shaped

MORIVOTOMYIIDAE

CHYROMYIDAE

SPHAEROCEFIDAE

CURTONOTIDAE

CAMILLIDAE

DFOSOPHILIDAE

DIASTATIDAE

a

6
_q

!

rt x

83
qd

f

sp racle 7 ost
c/tergite 5 reduced
ctstern les 6.7 reduced

? termrnaliamembranized
spermaliecae reouce0

iacra carnadeveoped
eyes pubescent
anep sternum bare
dsternitee d vided nto2 p ales

ower rec nate f ronlo-orbita seta weak
aterorec inate fronto-orbila set!lae deve oped
lne coslal sp nes present
mid femur wfh ctenidi!m

I

€

9

o

EPHYDBIDAE

selae
sp racles l -5 n lergites
sclerot zed spermathecae ost
venfal receptac e skongly sc erotized

Fig. I 16.7. Cladogram of the Sphaeroccroidea and Ephydroidea sunmarizing the rclationships and apomorphies
of the subgroups and families recognized. (See tcxt lbr additional details.)



1 480

celididae (Hendel 1916)1, the Sphaeroceridae, and per-
haps the Mormotomyiidae and Chyromyidae. A similar
grouping of families, called Helcomyzoidea, was proposed
by Colless and D. K. McAlpine ( 1970), but they included
the Coelopidae and Somatiidae, which they later (Colless
and D. K. McAlpine 1975) properly referrcd to the
Sciomyzoidea and Diopsoidea (as Tanypezoidea),
respectively.

Under the rules (Ride and Sabrosky 1985), Sphaero-
ceroidca is the correct superfamily name to apply,
because the family-group name "Sphaerocerides" (Mac-
quart 1835) predates both Heleomyzidae (Westwood
I 840) and Chyromyidae (Hendel l9l6), and all thc other
f amily-group names to which I have already referred.

The following ground-plan characters of the Sphaero-
ceroidca are especially signilicanl. Those that are consid-
ered to be plesiomorphic with respect to thc ground plan
of the Acalyptratae are listed first and are indicated by
(P). Apomorphic characters that are shared with ground-
plan charactcrs of the Opomyzoidezr are marked (OA):
those that are synapomorphic for the Sphaeroceroidea
and Ephydroidea are marked (AE); thosc that arc autap-
omorphic for the Sphaeroccroidea (synapomorphic in the
ground plans of included lamilies) are marked (AA):

larvae saprophytic, probably in dccaying organic mat-
ter (P);

- puparium with slightly protruding respiratory horns
(P);
scapc, pedicel, and flagellum porrcct, main axis nearly'
straight (P);
scape setulose (P);
pedicel with a dorsoapical notch (P);
distal membrane of pedicel deeply inserted into first
flagellomere (P);
frons narrower in male than in female (P);

- interfrontal setulae fine, scattered (P);
proanepisternum haired ( P) ;

- katepisternum haircd (P);
anepisternum haired (P) ;

precoxal bridge undeveloped (P);

- Sc complete, free from R, (P);

- pterostigma present (P);
cellcup complete, transversely closed (P);

- A, present, distinct (P);
anal angle and alula well developed (P);
abdomen with 7 spiracles in both sexes (P);
spiracles I 5 situated in membrane (P);

- male with tergite 6 largc and free (P);
sternite 8 large and haired (P);
hypandrial bridge complete (P);

- epiphallus absent (P);
aedeagal apodeme rod-like, narrowly unitcd with hy-
pandrium (P);
surstylus freely articulated with epandrium (P);
sternite l0 plate-like, undivided medially (P);
I'emale with sternites and tergites 6 8, simplc, frce
from each other (P);

- cerci simple and free (P);
-- three spermathecae present, sclerotized (P);
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- first flagellomere short, discoid, more or less porrect
(oA):

- arista arising dorsally (OA);

- postocellar bristles convergent (AE);

- fronto-orbital plates abbreviated anteriorly (AE);

- fronto-orbital bristles reduced to two or three (AE);

- lower half or more of frontal vitta extending almost to
eye margin (AE);

- vibrissa present (OA);
face membranized along vertical midline (secondarily
sclerotized in many membcrs (OA);

- katepisternal bristle present (OA);

- metasternal area bare (OA);
subscutellum relatively strongly developed (OA);

- preapical dorsal tibiae bristles present (secondarily
lost in Chyronyidae) (AE);

- C with subcostal break (OA);
R bare (AE);

- A, not attaining wing margin (secondarily lengthened
in a ferv genera) (OA);

- male with sternite 6 reduced, asymmetric, shifted to
lcfr side (AE);
tergite and sternite of segment 7 reduced, fused with
sternite 8 (OA);
tergite 8 atrophied or combined with sternite 8 (OA);
and

- distiphallus enlarged and highly complex (AA).

The seven synapomorphies of the Sphaeroceroidea and
E,phydroidea (characters marked AE, in this list) attest to
a sistcr-group relationship between these two
superfamilies.

The Sphaeroceroidea probably stemmed from the same

acalyptrate stock that produced the Opomyzoidea and

Carnoidea (see Fig. 116.9). The I I synapomorphies with
rcspect to the ground plan of the Opomyzoidea (marked
by OA in above list) support this conlention.

The Sphaeroceroidea retained a greater variety of ple-
siotypic conditions in their ground plan than did the
Ephydroidea. e.g. antennae porrcct, scape without a dor-
sal seam, precoxal bridge undeveloped, pterostignta pre-

sent, aedeagus long and flexible, and three well-developed
spermathecae present. On thc other hand, they seem to
have developed very few universally distributed autapo-
morphies (synapomorphies of the included lamilies). The
only autapomorphic condition that I have noted is the
tendency for the distiphallus to be enlarged and highly
complex (aedeagus more or less rigid with short, simple
distiphallus in Ephydroidea). The phylogenetic relation-
ships of the component families (outlined in Fig. 116.6)
are discussed in detail under each family.

Heleomyzidae. Thisrelativelylarge,morphologicaily
and biologically diverse family (Gill and Peterson,
Ch. 89) is in great need of a thorough systematic analysis
similar to the one that Andersson (1911) carried out on
the Chloropidae. D. K. McAlpine (1967, 1968, 1982,
1985b) is progressing well with such studies on ccrtain
segments of the family, but, for most workers, the limits
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of the entire family and the classification and relation-
ships olits subgroups. remain uncertain.

Various rankings have been applied, especially with
respect to the Trixoscelididae, Chyromyidae, and Rhino-
toridae (for reviews, see cspecially Harrison 1959 and Gill
1962). Cz.erny (1921) treated both the Trixoscelididae
and the Chyromyidae as subfamilies ol the t{cleo-
myzidae. Curran (1934) included the Trixoscelididae as
part of the Chyromyidae, and separated both from the
Heleomyzidae. Gill (1962) recognized borh groups as
lamilies separate from the Hcleomyzidae, but later (Gill
1968) in agreement with Harrison (1959) and D. K.
McAlpine (1967), he includcd the Trixoscelididae in rhe
Heleomyzidae. The latter author (D. K. McAlpine 1968)
also convincingly showed that the Rhinotoridae is a sub-
group of the Heleomyzidae, and reduccd it to tribal level.
In line with the catalog of North American Diptera
(Stone et al. 1965), we havc treated the Trixoscelididae
(Teskey, Ch. 90), the Chyromyidae (J. F. McAlpine,
Ch. 9l), and the Rhinotoridae (J. F. McAlpine, Ch. 92)
as separate families, but we have done so fully realizing
that this ranking is very subjective. I now fully agree with
D. K. McAlpine (19856) that at least the Trixoscelididae
and Rhinotoridae are subgroups (tribes) ol the
Heleomyzidae.

Certainly, Griffiths' (1912) fragmentarion of the
Heleomyzidae into eight families, which he dispersed
among at least three superfamilies (Heteromyzidae in
Diopsoidea; Heleomyzidae, Rhinotoridae, Borboropsidae,
and Trixoscelididae in Opomyzoidca; Chiropteromyzidae
and Cnemospathidae in Tephritoidea; and Notomyzidae,
unplaced), is untenable. The proposal by D. K. McAlpine
and Kent (1982) and D. K. McAlpine (1985b) to treat
these and other monophyletic subgroups as tribes of the
Heleomyzidae is a more rational approach, at least as a
provisional solution. Further sludies of the entirc complex
on a worldwide basis are required before the problcms of
subfamilial limits can be resolved. Nevcrtheless. D. K.
McAlpine's (1985b) reclassification of the family inro
tribes is a great step forward in the systematics of this
Iamlly.

Even the correct name to apply to thc Heleomyzidae
has its problems. The oldest family-group name refcrable
to the group is either "Micromyzides" Fall6n, in which
Fall6n ( I 8 1 0) included among other gencra his new genus
Heleontyza Fall6n, or "Heteromyzides" Fall6n, in which
the same author (Fall6n 1820b) included both Hetero-
myza Fall6,n and Heleomyza. Macquart (1835) wrongly
assigned Heteromyza and Heleomyza lo his "Scato-
phagides" and applied the family namc Heteromyzidac to
another unnatural collection of genera. Westwood ( I S40)
proposed the name "Heleomyzides" for bo|h Heterontyza
and, Heleomyza, and, this application of Heleomyzidae
has received general acceptance. To my knowledge, Mi-
cromyzidae has never been used for any family group;
Heteromyzidae, on the other hand has had an inconsist-
ent, checkered history. For examplc, Frey (1921) used it
in an old sense for the Dryomyzidae; Griffiths ( 1972) used
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it in a new sense for a subgroup of the Heleomyzidae. We
have accepted the family-group name Helcomyzidae of
Westwood (1840) on the basis of general consistency of
usage and fbr the sake of nomenclatorial stability.

The ground-plan characters of the Heleomyzidae coin-
cide almost entirely with the list given for the superfamily
Sphacroceroidea. Thus, as noted by Hennig (l95tt), the
family as now defined, is based mainly upon symplesio-
morphy with respect to the ground plan ol the superfam-
ily. This definition renders it suspect as a paraphylctic
group. The spinose condition of the C, so widespread and
prevalent in the Heleomyzidae, is the best possibility as an
autapomorphic character of the family, but that condition
is not entirely universal within the family. One indication
that it is, indeed, a ground-plan featurc, which has been
lost a number of times within the family, is the fact that C
is spinose in many of the more generalized rnembers of the
family, e.g. Heteromyza and Tapeigaster Macquart.

Members of the Heleomyzidae are distributed mainly
in the temperate areas of the world (D. K. McAlpine
1961, 1985b), and although the family comprises prc-
dominantly Holarctic genera (Cogan 1971), both Norlh-
ern and Southern hemispheres contain some very primi-
tive elcments, e.g. Heteromyza (Holarctic) and
Tapeigaster (Australia). About 56 genera (exclusive of
those placed in the Chryomyidae, Rhinotoridae, and Trix-
oscelididae) are recognized. D. K. McAlpine (1985b)
classified the family into 22 tribes (including the Rhinoro-
rini and Trixoscelidini) and provided a list of all the living
genera and their synonyms.

The genus Melanthomyza Malloch (Malloch 1933b),
known only from a rare Chilean spccies M. politaMal-
loch, possibly also belongs to the Heleomyzidae. Malloch
assigned it hesitatingly to the Anlhomyzidae, but it does
not seem to fit within the present definition of that family.
A single, headless female in the Canadian National Col-
lection (Hda. Illapel, Coquimbo, Chile, 30.X.1954,
L. POna) shows the following characteristics not men-
tioned by Malloch: C minutely, but distinctly, spinose;
seven pairs o[ abdominal spiracles present and situated in
the margins of the tergites; tergitc 7 and sternite I free
from each other; tergite 8 and sternite 8 reduced and sim-
ple; cerci unusually short, stout, and with broadly
rounded apices; and two large heavily sclerotized sper-
mathecae present. It seems to resemble Heleomicra col-
lessi D. K. McAlpine, which is a minutc, black species of
Heleomyzidae from Australia, but in that species the
costa is without spines among the hairs.

In all, more than 400 described species of Heleo-
myzidae are known (Bickel 1982). Czerny's ( I 927) treat-
ment of the Palearctic fauna is still the best general treat-
ment of the whole family in that region. Gill (1962)
revised the Nearctic species. Harrison (1959) reviewed
the New Zealand rcpresentatives, Cogan (1971) reviewed
the family in the Ethiopian region, and D. K. McAlpine
( I 985r) revised the Australian genera and listed the de-
scribed species. As indicated above, subfamilial limits are
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not yet clearly established. Five fossil spccies from Baltic
amber are known (Hennig 1965b,1969b).

Rhinotoridae. This group consists of seven genera,
i.e. Rhinotora Schiner. Rhinotoroides Looes. l,{eorhino-
tora Lopes, Cairnsimyia Malloch. Anastoml':a Malloch.
Apophoneura Malloch, and Zentula D. K. McAlpine
(D. K. McAlpine 1968, 1985b; D. K. McAlpine and Kent
1982). Williston (1896) treated the type genus as a sub-
family, Rhinotorinae, within the Ropalomeridae and
thereby established the family-group name for it. Hcndel
(1916) hrst ranked it as a scparate family, which was
adopted by Brues and Melander (1932 and subsequent
edrtions), Wheeler (1954), Steyskal (1957a), Hennig
(1958, 1911a, 1973) D. K. McAlpine (1958a, 1958b),
Foote (l 965), Guimardes and Papavero ( I 966), Papavero
(1967b), and Griffiths (1912). Malloch (1931b) referred
the Australian genus, Cairnsimyia, and trvo Neotropical
genera, Anastomyza and Apophoneura (Malloch 19331r).
to the Heleomyzidae. Hennig (1958) ernd Guimardcs and
Papavero (1966) drew attention to similarities belrveen
these latter genera (then assigned to Hcleomyzidae) and
Rhinotora. D. K. McAlpinc ( 1968) re-examined the mat-
ter, concl ude d IhaI Rhi nol or a, R h i not or oi d e s. N e o r h i no-
tora, and Cairnsimyia represent an extreme devclopment
of that branch of the Heleomyzidae which includes
Anastomyza and Apophoneure, and rcduced the group to
a tribe, the Rhinotorini, within the Heleomyzidae.
Griffiths (1912) included the Australian genus, Tapeiga-
ster in the same group (which he treated as Rhinotor-
idae), but D. K. McAlpine and Kent (1982) rclected this
piacement on various grounds and assigncd Tapeiga.ster
to its own tribe, the Tapeigastrini, rvithin the
Heleomyzidae.

Elsewhere in this Manual, the Rhinotorini, .rersa D. K.
McAlpine (1985b), is treated as a scparate family (see

especially J. F. McAlpine, Ch.92) as was done with the
Trixoscelididae. lt is, however, almost certain that it is a
monophyletic subgroup of the Heleomyzidae as shown by
D. K. McAIpine ( 1968, I 985b).

The following conditions are apomorphic ground-plan
characters of the group with respect to the ground plan of
the Sphaeroceroidea. Those that are distinctively autapo-
morphic are marked (AA):

puparium without protruding respiratory horns;
frons equally wide in both sexes;

- vertex weakly to strongly concave (AA);

- postocellar bristles weak or absent (AA);
clypeus enlarged (AA);

- prosternum reduced, narrow, with deep median
groove;

- scutellum weakly to strongly clongate (AA);
wing conspicuously spotted;

- C weakly and sparsely spinose;

- Sc approximated to R,;
pterostigma absent:

- Rr*,,R0*r, and M tending to be undulate, and with
supernumerary crossvcins (AA) ;
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- CuA, weakened apically, not or scarcely attaining
wlng margln;
A. absent;
femora, especially anterior femur of male, enlarged
and spinescent ventrally;

- tergite 6 of male reduced;
aedeagal apodeme short, relatively broadly fused with
hypandrium;

- ejaculatory apodeme minute; and

- two spermathecae Present.

The group is mainly limited to the Neotropical region
(Rhinotoroides, Rhinotora, lt{eorhinotora, Apopho-
neuro, and Anastomyza). One species, lYeorhinotora di'
versa (Giglio-Tos) extends into the southern Nearctic
region and two genera, Cairnsimyia and Zentula D. K.
McAlpine, are known from the Australian region (includ-
ing New Guinea) (D K McAlpine 1968, 1985b). ln all,
about 35 spccies are described. No fossils are known.

Trixoscelididae. Hendel (1916), not Frcy (1921)'
was the hrst to recognize this group as a separete family.
As here defined (Cogan 1977;Teskey, Ch. 90)' it consists

ol Trixoscelis Rondani, by far the largest genus, and Spl-
lochroa Williston, Stuckenbergiella Cogan, and Zagonia
Coquillett. Probably Paratrixoscelis So6s (Soos 1977),

which seems rather weakly distinct lrom Trixoscelis,
belongs here; its type species, Geomyza oedipus Becker,

has usually been placed in Trixoscelis (Hackman 1970),

but So6s (1911) created a new genus, Paratrixoscelis, for
rt.

As indicated in the opening discussion of the Sphaero-
ceroidea, Trixoscelis and its relatives have often been

placed within the Heleomyzidae (Czerny 1927; Malloch
1930a; Collin 1943; Harrison 1959; D. K. McAlpine
1961 , 1968, 1982, 1985b; Gill I 968; Cogan 1971; Colless
and D. K. McAlpine 1970, 1975; Bickel 1982). At other
times they were considcred as a separate family, sorne-

times even by the same authors ( Frey 1921 ; Hendel 1928;
S6guy 1950; Melander 1952 Hcnnig 1958, 1973; Gill
1962; Griffiths 1912 Cogan 1911). D. K. McAlpine
( I 9S2, I 985b) regards the group as onc of 22 tribes ol the
Heleomyzidac. It seems virtually certain that the group,
as now defined, is a monophyletic subgroup of the Heleo-
myzidae, but its precise sister group within that family
has not been established.

The following conditions sharcd by a1l trixoscelidids are
apomorphic with respect to the ground plarn of the
Sphaeroccroidea:

puparium probably without protruding respiratory
horns:

- frons equally wide in both sexes;
interfrontal setulae reduced or absent:

- ocellar bristles frequently arising laterally to antcrior
ocellus;

- proanepisternum bare (except for proanepisternal
bristle);
C deeply incised at end of Sc;
* Sc becoming fused apically with R,;
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- pterostigma absent;

- A, reduced or absent;
* abdominal spiracles 7 lost in both sexes;

- 
* male with tergite 6 much shortcncd; and
x f'emale with stcrnite and tergite of segment 7 closely
associated or fused.

Only four (indicated by asterisks) of the seven apo-
morphies listed for the group by Griffiths (1912) and Co-
gan (1971) have proven to be valid.

Trixoscelidids are found most commonlv in arid areas.
They are best represented in the Holarctii (54 spp., So6s
1977), Ethiopian (23 spp., Cogan 1977), and Neotropical
(7 spp., Gill 1968) regions. They are not recorded in the
Oriental and Australian regions. No fossils are known.

Chyromyidae. Like the Trixoscelididae, this family
(J. F. McAlpine, Ch. 91), has had a fluctuating historv.
Older authors placed the type genus, Chyromya
Robineau-Desvoidy, in the Sapromyzidae ( : Lauxani-
idae) and the Opomyzidae (Malloch 1914). Hendel
(1916) was the first to rank it as a separatc family, but
Czerny (1921) treated it as a subfamily of the Hcleo-
myzidae. However, for the last half century it has usually
been accepted as a discrete family (Hendel 1928, 1933;
Curran 1934; Collin 1949; Hennig 1958, 1965b, l91la,
l973; Griffiths 1912; Colless and D. K. McAlpine 1970,
1975; Andersson 1971 ,1916c; Bickel 1982). It consists of
only three genera! Chyromya, Gymnochiromyia Hendel,
and Aphaniosoma Becker, which contain, in all, about 40
species that occur in the Holarctic, Ethiopian, and Oricn-
tal regions (J. F. McAlpine, Ch. 9l).

The following ground-plan characters of the Chyromy-
idae are especially significant; those that are autapo-
morphic are indicatcd by (AA), and those that are synap-
omorphic with the Sphaeroceridae are marked (AS):

- integument and vestiture extensively pale ycllowish
(AA):

- scape, pedicel, and flagellum porrcct; main axis nearly
straight;

- scape setulose;

- pedicel with a shallow, dorsal notch;
flagellum discoid;

- palpi and mouthparts small (AA);
postocellar bristles convergent;

- interfrontal setulae present, but fine and scattered;

- fronto-orbital bristles three and reclinate (anterior
one secondarily weakly incurved in some species);
vibrissa weakly developed (AA);

- face menrbranized medially;
prosternum very narrow, with deep mcdian groove
(AS):

- proanepisternum bare except for weak proepisternal
bristle:
postpronotum with an inwardly directed inner bristle
(AS):
anepisternum with both setulae and bristles
C with subcostal break:
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costal spines reduccd or absent (distinguishable in
Chyromya spp.) (AA);

- Sc very close to, or joining, R, apically (AS);

- A, not reaching wing margin (AS);
A, indistinct or absent;

- preapical dorsal tibial bristles absent (AA);
abdominal spiracles 6 andl prssent in both sexes;

- spiracles 6 andl of the male located in tergite 6 (AS),
sternite 8 of the male united with epandrium (AS);
surstyli more or less fused with epandrium (AA);

- aedeagus short and stout (AS);
distiphallus very complex (AS);
aedeagal apodeme extensively fused wth hypandrium;
ejaculatory apodeme shortened, broadened, and um-
brella-like (AA);

- sternite 8 of the female divided or otherwise modified
(AS);and
two spermathecae present (AA).

Nothing in this list of ground plan characters would
exclude the Chyromyidae from the Sphaeroceroidea (or
the Heleomyzidae), and many of the conditions are fore-
shadowed in the Heleomyzidae (including Trixosce-
lidini). The autapomorphic conditions indicate that the
group is a monophyletic unit (Hennig 1958, 1911a1.

Grillrths 1972), bur its precise sister group has not yet
been established. Hennig (1965b) proposed as a working
hypothesis that the Chyromyidae and Aulacigastridae are
sister groups and that his fossil species, Gephromyiella
electica Hennig, may be the common ancestor to both
families. In my opinion, Gephromyiella Hennig is proba-
bly misplaced in the Chyromyidae, and, as discussed ear-
lier, I believe Aulacigaster and its allies belong in the
Asteioinea (Opomyzoidea). If so, the similarities between
the Chyromyidae and Aulacigastridae noted by Hennig
(1965b) and Grifilths (1912) are the result of homoplasy.
The latter author thought it possible that the Sphaeroceri-
dae is the sister group of the Chyromyidae, and I concur
with that idea. A number of peculiarities shared by Chy-
romyidae and Sphaeroceridae (rnarkcd AS in the pre-
vious list) strengthen t-he possibility that Sphaeroceridac
is the sister group of Chyromyidae, and that together both
families form the sister group of the Heleomyzidae
(Fig. I 16.7).

Sphaeroceridae. This large, easily recognized family
(Marshall and Richards, Ch. 93) is one of the best
founded monophyletic subgroups ol the Schizophora
(Hennig 1958, Grilliths 1972). lts most characteristic
morphological feature is the shortened, somewhat swollen
condition of tarsomere 1 of the hind leg. This character,
which also occurs commonly in the Heleomyzidae, espe-
cially in males, is a thoroughly established ground-plan
character in both sexes of the Sphaeroceridae. The wing
venation in the Sphaeroceridae is also very distinctive (see
next paragraph). Although several dilTercnt names! e.g.
Cypselidae, Borboridae, and Leptoceridae, have been
applied to the family in the past, Sphaeroceridae, first
proposed by Macquart (1835) as Sphaerocerides, is the
correct name to use.
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The following ground-plan characters are apomorphic
with respect to the ground plan ol the Sphaeroceroidea;
those that are autapomorphic are marked with (AA), and
those that are synapomorphic with the Chyromyidae are
marked with (AC):

puparium without protruding respiratory horns;

- frons equally wide in both sexes;

- frontal vitta with sclsrotized, setulose, interfrontal
plares (AA);
palpi rather small (AC);
clypeus large and prominent (AA);
subcranial cavity large (AA);

- inner vertical bristle shifted forward (AA);

- paravertical bristle relatively strong (AA);
prosternum very narrow, with deep, median groove
(AC):

- tarsomere I of hind leg short and thick in both sexes
(AA);
Sc reduced and incomplete (AA);

- pterostigma reduced;
apex of R, * , rather abruptly forwardly curved (AA);

- Ro*, usually curved forward and ending before wing
tip (AA);
M curved forward (AA);
posterior margin of cell dm (preapical section of
CuA,) posteriorly bowed (AA);

- apical section of CuA, not attaining wing margin
(AA):

- A, absent (AA);

- male with spiracle 7 absent on right side (AA):
spiracle 7 on left side displaced to segment 6 (AA.
AC);
tergites 6 andl reduced or absent;

- sternite 8 fused with epandrium (AC);

- female with sternite 8 divided longitudinally or other-
wise modified (AC); and

- epiphallus present.

Various opinions have been offered concerning the cla-
distic relationship of the Sphaeroceridae. Hendel ( 1916)
first placed it in a group with the Tethinidae, Milichiidae,
and Agromyzidae, but in later years he (Hendel 1922,
I 928) placed it near the Ephydridae, probably because of
certain similarities in the adult mouthparts (filter appa-
ratus in esophagus, prementum short and broad, subcra-
nial cavity enlarged) noted by Frey (1921). Crampton
(1944b) followed the same idea. Hennig (1958) placed it
in his superfamily Milichioidea with the Tethinidae, Mili-
chiidae, Carnidae, Canacidae, and Braulidae and ruled
out any close relationship between it and the Ephydroidea
(his Drosophiloidea); later he (Hennig 1973) relegated it
to a heterogeneous group of families under the title "Sys-
tematische Stellung ungeklart." Speight (1969), on the
basis of a reduced prosternal basisternum, recommended
the removal of the Sphaeroceridae from the Milichioi-
dea Drosophiloidea-Chloropoidea complex and proposed
placing it near either the Heleomyzidae or the Antho-
myzidae. Hennig (l91la) excluded the possibility of a
closer relationship between it and the Anthomyzidae but
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directed attention to "the great conformity which exists
between the Sphaeroceridae and the Milichiidae with re-
spect to the structure of the antennae." Colless and D. K.
McAlpine (1970, 1975) placed it between the Heleo-
myzidae and Chyromyidae in their superfamily Heleo-
myzoidea. Grilhths (1912) placed it in his prefamily An-
thomyzoinea (Heleomyzidae sensu lato Anthomyzidae,
Asteiidae, Opomyzidae, Sphaeroceridae, Chyromyidae,
and Aulacigastridae) and expressed the opinion that the
group most closely related to the Sphaeroceridae is proba-
bly Borboropsis Czerny, the Chyromyidae, or the
Aulacigastridae.

As noted under the Chyromyidae (characters marked
AS), the Sphaeroceridae share many characters with that
family; those that are marked (AC) are especially signif-
icant. On these grounds, I believe the Sphaeroceridae and
Chyromyidae are sister groups, and that together they
form a sister group of the Heleomyzidae (Fig. I I 6.7).

Sphaeroceridae have a worldwide distribution, and
more than 700 species have been described (Hackman
I 969). These are divided among about 75 genera and sub-
genera (for lists, see Hackman 1969 and Hennig 1973) in
three subfamilies, the Copromyzinae, Sphaerocerinae,
and Limosininae ( : Leptocerinae Hendel 1928, not
Leach 1815, Trichoptera) (Marshall and Richards,
Ch. 93). They are almost entirely saprophagous, breeding
mainly in decaying plant matter, carrion, dung, nests of
vertcbrates, and fungi. The wings are reduced or absent in
about 120 of the known species, and at least 44 species
have been introduced with people as they moved from one
continent or region to another (Hackman 1969). The
Neotropical fauna is probably the most diverse and also
contains representatives ofthe oldest branches ofthe fam-
ily, e.g. Archiborboras Duda (Copromyzinae). The Aus-
tralian launa (Richards 1973) is restricted to the Limosi-
ninae, the most abundant and highly evolved subfamily.
The Nearctic region supports an estimated 350 species,
many of which are undescribed (Marshall and Richards,
Ch. 93). About 170 species are recorded from the Pal-
earctic region (Hackman 1969), 174 from the NeoJropi-
cal region (Richards 1967), 85 from the Australian region
(Richards 1973), nearly 300 species from the Ethiopian
region (Richards 1980), and 6l from the Oriental region
(Hackman 1977). but all these numbers are believed to be
low. No fossils are known.

Mormotomyiidae. This family is known from a sin-
gle, spider-like, bat-cave species, Mormotomyia hirsuta
Austen (Austen 1936) from Kenya. Austen considered it
as perhaps distantly related to the Sphaeroceridae. Its
morphology, family status, and systematic relalionships
were discussed in detail by van Emden (1950), Hennig
(l911a), and Griffrths (1972). Van Emden concluded
that "the genus represents a well-founded family interme-
diate between Cordiluridae (Scathophagidae) and the
Acalyptrata," which led some to believe that it belongs to
the Calyptratae. Hennig discussed the pros and cons for
placing it in the Calyptratae and concluded that the con-
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spicuous cleft in the pedicel is really the only plausible
indication thal Mormotomyia might belong therc. How-
ever, as was pointed out by himself and others, a similar
antennal cleft also occurs in a number of families oi the
Acalyptratae. The absence of prestomal teeth, hyoid
sclerite, and a greater ampulla, coupled with the presence
of many characters of the male terminalia that agree with
the Acalyptratae rather than with the Calyptratae, indi-
cate that Mormotomyia does not belong to the Calyp-
tratae. Griflrths concluded that it is an aberrant mcmber
of his prefamily Tephritoinea. He aligned it with two
heleomyzid genera, which he also treated as separate
families, i.e. Iy'eossos Malloch (: Chiropteromyza Frey)
(Chiropteromyzidae) and Prosopantrum Enderlein
(: Cnemospathis Enderlein) (Cnemospathidac). Both
these genera are now assigned to the Heleomyzidae
(D. K. McAlpine 1985b). I agree with Griffithsthar Mor-
motomyia's closest relatives probably will be found in or
near the Heleomyzidae. The large size of tergite 6 in the
males is the only feature that seems to speak against its
inclusion in the Sphaeroceroidea, but in a species with so
many distorted features. the enlargement of tergite 6 may
also be a secondary condition. However, I am more in-
clined to believe that its large size reflects a plesiomorphic
state comparable to that found in several plesiotypic
members of the Heleomyzidae, especially Dichromyia
Robineau-Desvoidy and Amphidysis D. K. McAlpine
(see D. K. McAlpine 1985b, Figs. 72 73).

Mormotomyiidae shows the following apomorphic con-
ditions with respect to the ground plan of the
Sphaeroceroidea:

- puparium without protruding respiratory horns;
entire body, including legs and wing vestiges, covered
with the long, wavy hairs (longer and denscr in males
than in females); most macrochaetae not, or scarcely,
distinguishable;

- frons equally wide in both sexes;

- compound eye much reduced, gena exceptionally
broad;

- ocelli lost;
ocellar triangle enlarged, extended anteriorly nearly
to lunule and with numerous macrochaetae;
orbital plate extended anteriorly nearly to lunule, and
with 4-6 macrochaetae;

- frontal vitta with 2-4 macrochaetae on each side iust
above lunule;

- pedicel lengthened and with a well-developed dorsal
seam:
first flagellomere reduced, partly concealed by en-
larged pedicel;

- vibrissal area well differentiated from gena, and with
2 5 vibrissal macrochaetae;

- cl1 peus large and prominenr:
precoxal bridge well developed;

- wings vestigial;

- halteres reduced:

- abdominal spiracles 7 lost in both sexes;

- tergite 6 of the male unusually large (possibly a plesio-
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morphic condition);

- sternite 6 of the male reduced to a narrow band. fused
with sternites 6 and 8 in left side;

- tergite 7 of the male reduced to a narrow band in right
side, joining with sternite 7 ventrally, and with a ves-
tige of tergite 8 in right side;
Crilhths (1912) apparently failed to distinguish
between the vestiges of sternites 6 and l, which are
present and quite separable in a left lateroventral
position.

- surstylus mostly enclosed within lateral extensions of
epandrium, reduced to a small, anteroventrally di-
rected process, the apex of which lies laterally to both
gonopod and paramere;
Van Emden (1950), Hennig (1911a), and Griffiths
(1972) failed to recognize the surstylus in Mormoto-
myia. Griffiths showed what appears to be part of it in
his Fig. 126, lying laterally to POG (paramere) and X
(gonopod), but he omitted it from his Fig. 124. At its
base the surstylus articulates with the inner surface of
the epandrium; at this point it is expanded and shows
what may be the remains of a reduced posterior lobe.
At its extreme base it joins a well-developed, plate-like
sternite 10. Each surstylus bears a few setulae on its
outer and apical surfaces. The paramere and gonopod
are fairly accurately depicted by Hennig (1971a) in
his Fig. 94; however, he did not show that the gonopod
also bears, on its median ventral surface, a bristle that
is somewhat smaller than the one on the paramere.
hypandrium with a prominent trough-like aedeagal
guide (fulcrum of van Emden 1950);

- cerci of male somewhat reduced;
Hennig (1971a) investigated and discounted the pos-
sibilities that the reduced cerci of Mormotomyia
might be homologous with the adanalia of the Glossin-
idae and, thereby, a possible indicator of close
relationship.
tergite 7 of female membranized along midline
anteriorly;
sternite 7 of female weakly sclerotized in middle;

- tergite and sternite 8 of female divided along midline;

- sternite 8 of female with a prominent, probably sen-
sory, lobe at inner apex of each half; and
two small, sclerotized spermathecae present.

The nature ofthe fronto-orbital plates and the bristling
of the head in Mormotomyia may provide useful clues to
its systematic relationships in the Acalyptratae. Almost
certainly the orbital plates have been secondarily ex-
tended anteriorly in concert with a similar extension of
the ocellar triangle, and, as on the ocellar triangle, thc
number of macrochaetae is increased. It appears that the
frontal plate has been virtually obliterated as in the
Heleomyzidae.

On the vertex the medioclinate inner vertical bristle is
usually easily distinguishable, especially in the female, at
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the uppermost (posteriormost) limits of the orbital plate.
Medially to the inner vertical bristle, a series of six to
eight more or less lateroclinate bristles arises on the ver-
tex; also, near the midline and slightly behind this row of
bristles, there is usually a pair of fine convergent bristles
or hairs. These may be true postocellar bristles, and, if so,

their convergent condition (as in Helcomyzidae and its
relatives) would be a highly significant feature.

The vibrissal angles are well differentiated and strongly
bristled in Mormotomyia, which indicates clearly that it
descended from an ancestor with vibrissae as found in all
members of the Sphaeroceroidea.

The large, prominent clypeus and mouthparts exhib-
ited by Mormotomyia are reminiscent of the type found
in the Sphaeroceridae. The structure of the prosternum
and precoxal bridge is the "type V" form (Speight 1969)
that occurs so commonly throughout the Heleomyzidae.

Perhaps as more information becomes known etbout thc
diversity within the Sphaeroceroidea, especially within
the Heleomyzidae and its subgroups, a more precise
placement of Mormotomyia will become evident. Pro-
visionally, however, I would regard it as a separate family
ofthe Sphaeroceroidea (Fig. I 16.7).

Superfamily Ephydroidea

The concept adopted for this superfamily (Fig. I 16.7)
follows that proposed by Hennig (1958, 1911a,1973) as

Drosophiloidea, which was also follorvcd by Grifliths
(1912) and Colless and D. K. McAlpine (1975). Accord-
ingly, it includes only five families, i.e. the Curtonotidae,
Camillidae, Drosophilidae, Diastatidae, and Ephydridac.
This delimitation is much more restricted than the pro-
visional arrangement outlined in the table of classification
in Volume 1 of the Manual (J. F. McAlpine et al., Ch. 1).
There we included the Chloropidae, Cryptochetidac,
Canacidae, and Tethinidae, following Collcss and D. K.
McAlpine (1970), but as shown earlier (see under Carn-
oidea) these latter families are not closely related to the
Ephydroidea.

Previous workers usually called this cluster of families
Drosophiloidea, but the family-group name, Ephydridae
(proposed by Zetterstedt I 837, as Ephydrinae), predates
Drosophilidae (proposed by Rondani 1856, as Dro-
sophilina) and all the other included family-group names.
Therefore, in accordance with Article 36 of the rules
(Ride and Sabrosky 1985), Ephydroidea is the correct
name to use.

The Ephydroidea is one of the most surely grounded
monophyletic subgroups of the Acalyptratae (Hennig
1958, 1971a; Grifliths 1912). The following ground-plan
conditions are apomorphic with respect to the ground plan
of the Acalyptratae; those that are considered to bc un-
equivocally autapomorphic are marked (AA), and those
that are synapomorphic with the ground plan of the
Sphaeroceroidea are marked (AS):
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- larvae probably without a filter apparatus for particle
feeding;
puparium without protruding respiratory horns;

- flagellum decumbent, meeting pedicel at a sharp
angle;
base ol flagellum with a dorsolateral process inserted
into pedicel (AA);
pedicel with an elongate dorsolateral seam (AA);

- fronto-orbital plates not extending far forward (AS);

- fronto-orbital bristles reduced to three;
one fronto-orbital bristle proclinate (AA);
postocellar bristles convergent (AS);
vibrissa present (AS);

- precoxal bridge present (AA);

- proepimeral bristle weak or absent (AA);

- metasternal area bare (AS);

- disc of proanepisternum bare (AA);
C spinose (AS);

- C with a subcostal break (AS);

- pte rostigma absent:

- Sc lying close to R,;

- R, bare (AS);

- A, short, not attaining wing margin (AS);
A. absent;

- closing vein of cell cup (CuAr) recurved;
posterior boundary of cell cup (A,) with a wide inter-
ruption (AA);

- preapicaldorsal tibial bristles present (AS);

- sternite 8 of the male reduced or absent (AA);

- aedeagus rather short, rigid, and in a relatively fixed
position (AA);and

- two spermathecae presenl.

Two sets of head bristles that occur in the Ephydroidea
require special discussion, i.e. the fronto-orbital bristles
and postocellar bristles. With regard to the fronto-orbital
bristles, I concur more or less with Hennig's (1958,

1965b) hypothesis that three pairs are present in the
ground plan of the Ephydroidea, i.e. two reclinate ones

and one proclinate onc (an autapomorphic condition with
respect to the ground plan of the Acalyptratae). He con-

cluded that the proclinate bristle originated on the orbital
plate between the reclinate bristles and the eye margin, by
enlargement of one ol the orbital setulae which are often
lound in that position. Later, it became shifted anteriorly
(below) or posteriorly (above) in relation to the level of
the reclinate orbital bristles and, ultimately, medially
toward the frontal vitta. As a result of this shifting, its
position varies considerably in dilFerent subgroups of the
Ephydroidea. In the Curtonotidae and Camillidae it al-
ways arises below the reclinate orbital bristle and verti-
cally almost in line with it; in the Diastatidae it arises lat-
erally to the reclinate orbital bristlc, sometimes a little
below, and sometimes a little above the level of the latter;
in the Ephydridae, where it is sometimes absent and
sometimes duplicated, its position when present is as in
the Diastatidae; in the Drosophilidae it may arise above
or below. and inside or outside, the reclinate orbital bristle
(see Wheeler, Ch. 95, Figs. 2 4).
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With regard to postocellar bristles, they are presenr
and convergent in the ground plan of the Ephydroidea.
They are located on the vertex where the upper limits of
the occipital plate merge with the posterior limits of the
ocellar triangle. They arise behind and laterally to the
posterior ocelli. They are present in the ground plans of all
the families of the Ephydroidea except the Ephydridae. In
the Ephydridae, true postocellar bristles are absent. but
they are usually replaced by one or more pairs of weakly
to strongly differentiated, divergent, pseudopostocellar
bristles. In some Drosophilidae, e.g. Amiota Loew, Sin-
ophthalmus Coquillett, Rhinoleucophenga Hendel, di-
vergent pseudopostocellar bristles are present in addition
to the usual convergent postocellar bristles (see M6ca
1980, Fig. l). Pseudopostocellar bristles originate from
divergent ocellar setulae that are normallv Dresent on the
posterior portion of the ocellar triangle. 

-ln 
the Ephydr-

idae they sometimes arise in front of, or between, tie pos-
terior ocelli, but usually they arise behind the latter, i.e. in
a "postocellar" position. Hence, in the E,phydridae where
true postocellar bristles are absent, the pieudopostocellar
bristles have usually been incorrectly called postocellar
bristles (see, for example, Clausen and Cook 1971.

fig :). Unlike true postocellars in orher Ephydroidea,
they arise farther forward on the vertex. the distance
between them is usually less than the distancc between
the posterior ocelli, and they are divergenl. A similar loss
of true postocellar bristles and their replacement by pseu-
dopostocellar bristles occurs in the Tethinidae and Cana-
cidae (see discussion under Tethinidae).

Griflrths' (1912) review of the characters and literature
relating to the delimitation and cladistics of the Eohvdr-
oidea is especially useful. I agree with most oi his inter-
pretations, but I disagree on several points. First, Griliiths
emphasized the fact that he found no trace of the asym-
metric reduction of the sclerites of segment 7 of the male
so characteristic of most Schizophora, and he assumed
that the relatively symmetric conditions of these sclerites
in the Ephydroidea is a plesiomorphic state with respect
to the ground plan of Schizophora. I believe that the rela-
tively symmetric form evident in these families is oroba-
bly a secondarily derived (apomorphic) condition. Sec-
ondary symmetry in these sclerites occurs sooradicallv
throughout the Muscomorpha, and it is not particularly
surprising to find it in this group. The fact that the rem-
nants of sternite 8, when present in the Drosophilidae, are
in the form of two isolated, more or less symmetric scler-
ites (a highly apomorphic condition) indlcates that sec-
ondary symmetry might also be expected in the preceding
segment. Second, I do not agree with Griffithi that the
aedeagus necessarily "remains posteriorly or posreroven-
trally directed in the rest position" in all members of the
Ephydroidea. It is strongly anteroventrally directed in the
Curtonotidae, for example. Third, I do not agree with
Griffiths' placement of the Ephydroidea between his
Lauxanioidea and Nothyboidea. The seven aurapo_
morphic characters (marked AA) of the Ephydroidea
leave no doubt about its monophyly. I draw special atten-
tion to the pecularities in the venation in the anal anele of
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the wing in the ground plan of the superfamily. Cell cup is
strongly, convexly closed, i.e. CuA, is strongly recurved
on A,;there is a wide interruption in A, midway along the
posterior boundary of cell cup (see discussion under Cryp-
tochetidae); A, is short (secondarily elongated by a fold in
Curtonotidae, see Hennig 1958, p. 671 ); and A, is absent,
except, perhaps, at the extreme base (see especially. Hen-
del 1928, Fig.109).

The ground plan of the Ephydroidea compares more
favorably with that of the Sphaeroceroidea than with any
other group. At least nine characters (marked AS) can be
considered synapomorphic with those of the Sphaerocer-
oidea; and several others (precoxal bridge present, tend-
cncy for two breaks in C, two spermatheca present) are
foreshadowed in the Sphaeroceroidea, especially in the
Heleomyzidae. For these reasons, it seems probable that
the Ephydroidea is the more recent sister group of the
Sphaeroceroidea (Fig. I 1 6.7).

Hennig (1971a, 1973) divided the Ephydroidea into
two suprafamilies, the Drosophilidea consisting of the
Curtonotidae, Camillidae, and Drosophilidae, and the
Ephydridea consisting of the Diastatidae and Ephydri-
dae. Griflrths (1912) tabulated the plesiomorphic and
apomorphic characteristics of all hve families, but left
open the question of how the superfamily should be di-
vided into suprafamilies. Hennig (l91la) based the sup-
posed monophyly oi his Drosophilidea mainly on the fait
that the basal process of the first flagellomere is relatively
long (apomorphic condition), whereas it is relatively shoit
(plesiomorphic condition) in the second group. To me this
difference is simply a matter of degree and is scarcely
sufficient to prove the monophyly oi Hennig's Dro-
sophilidea. In my opinion the primary evolutionary di-
chotomy in the Ephydroidea is between the Curtonotidae
and the remaining four families. This opinion is based
mainly on the fact that Sc is complete and free from R, in
the Curtonotidae (plesiomorphic condition), as oppoied
to being apically reduced and fused with R, in the remain-
ing four families (synapomorphic condition). The pecu-
liar set of plesiomorphic and autapomorphic characters,
which sets the Curtonotidae apart from the remainder of
the Ephydroidea, is more fully discussed under the
Curtonotidae.

Two main evolutionary lines are evident in the remain-
ing four families, i.e. the Camillidae + Drosophilidae in
which the proximal process of the first flagellomere pene-
trates deeply into the pedicel and a strong humeral break
is expressed (synapomorphies), and the Diastatidae *
Ephydridae in which a humeral break is weak or absent in
the ground plan (plesiomorphic condition) and cell cup is
reduced or absent (synapomorphy). This last pair of fami-
lies is equivalent to Hennig's Ephydridea, but in my
scheme of classification (Fig. i 16.7) they should not be
ranked as a suprafamily. Under this scheme, Hennig's
Drosophilidea is also inapplicable.

Curtonotidae. Members of this little family (J. F.
McAlpine, Ch. 94) of hump-backed flies have been as-
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signed to various families including the Helcomyzidae,
Opomyzidae, Drosophilidae, Diastatidae, and Ephydr-
idae (see J. F. McAlpine, Ch. 94). Duda (1934a) treated
them as a separate family, which has generally been fol-
lowed since that time. The family name is bascd on Curto-
notum Macquart (Macquart 1843), which Agassiz
(1847) unjustifiably emended to Cyrtonotun. Unfortu-
nately, Agassiz's emendation was accepted by many carly
workers, including Enderlein (1914) who frrst proposed a

family-group name for it (subfamily Cyrtonotinae in the
family Ephydridae). The priority of Curtonotum over
Cyrtonotum was recognized by Curran (1933) and Duda
(1934a). The latter author correctly changed the family
name to Curtonotidae.

Almost all the ground-plan characters of the Ephydr-
oidea are expressed in the ground plan of the Curto-
notidae. The following are particularly significant; those
that are symplesiomorphic with respect to the ground
plan of the Ephydroidea are marked (P), thosc that are
apomorphic are marked (A), and those that are clearly
autapomorphic are marked (AA):

arista with long dorsal and ventral rays (A);

- convergent postocellar bristles present (P);

- proclinate orbital bristle arising laterovcntrally to re-
clinate orbital bristle (P);
anterior reclinate frontal bristle weak or absent (A);
vibrissae strongly differentiated (P);

- postpronotum with supplementarir bristles (AA):
scutum unusually strongly humped (AA);

- anepisternum setulose (P),
anepisternum with strong bristles (A);

- prescutellar acrostichal bristles strong (A?);
disc of scutellum setulose ( P) :

C spinose (P);
humeral costal break present (A);
Sc complete, free, from R, (P);

- cells bm and dm conflue nt. i.c. crossvein bm-cu absent
(AA);
cell cup complete (P);

- A, secondarily lengthened (AA);
all tibiae with a preapical dorsal bristle (P):
spiracles 6 andl present in both sexes (P);

- tergites 6 andl of the male much reduced (A);
sternites 6 andl of the male asymmetric (P);
sternite 8 of the malc absent (AA);

- aedeagus enlarged, C-shapcd, distiphallus anteroven-
trally directed (AA);
aedeagal apodeme closely and broadly joined to basi-
phallus (AA);and

- two spermathecae present (a third, impcrl'ectly
formed one present in Axinota Wulp) (P).

The seven autapomorphic characters (AA), togcther
with at least six other apomorphic conditions (A), attest
to the monophyly oi the family. It is more generalized
than any other family of the Ephydroidea with respect to
the completeness and separateness of Sc, and perhaps also
with respect to the asymmetric conditions of sternitcs 6

and 7 in the male. These plesiomorphic features, com-
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bined with the autapomorphies mentioned, indicate that
the Curtonotidae is probably a sister group of the remain-
der of the Ephydroidea. It would be interesting to know
whether a filter apparatus is present or absent in the ful-
crum of the Curtonotidae.

The lamily has a worldwide distribution. It consists of
three genera, Curtonotum (about 25 described spp. in
Nearctic, Neotropical, Palearctic, Ethiopian, and Orien-
tal regions), Axinota (9 described spp. in Ethiopian and
Oriental regions), and Cyrtona S6guy (2 described spp. in
Ethiopian region). Axinota is more specializcd than the
other genera in that the vibrissae and proclinate orbital
bristles are much reduced or absent. Also, Axinota is un-
usual in that the males have a narrowed frons and the
lemales have a third, peculiarly lormed spermatheca rem-
iniscent of the abortive, mutant-type, third spermatheca
that occurs in some species of Drosophila (see Sturtevant
1925-1926). Probably both these latter characters in
Axinota are secondarily derived conditions, i.e. reversions
to earlier ancestral conditions. No fossils are known.

Camillidae. For a long time most authors included
Camilla (J. F. McAlpine, Ch. 97) in the Drosophilidae.
Frey (1921) accorded it separate family rank, which has

been generally accepted (Duda 1934c: Wheeler 1952;
Collin 1956; Hennrg 1958, 1965b, l9Jla, 1973; J. F.

McAlpine 1960; Hackman 1960; Griliths 1972 Papp
1912, 191 4,l918a,b). Its ground-plan characters are sim-
ilar to those of the Curtonotidae except as lollows; those
that are clearly autapomorphic are marked (AA):

fulcrum without a filter apparatus (condition un-
known in Curtonotidae) ;

- postpronotum with one bristle;

- scutum moderately humped;

- prescutellar acrostichal bristles undifferentiated;

- Sc apically reduced and fused with R,;

- veins 9uA, and Ar reduced, hence cell cup
lncomplete;

- spiracles 5 and 6 of the malc enclosed in margins ol
tergites (AA);
spiracle 7 absent in both sexes (AA):

- tergite 5 of the male greatly reduced (except in fossil
species; Protocamilla succini Hennig) (AA);

- sternites 6 and7 of the male reduced or lost (AA);
terminalia of female extensively membranized (AA);
and
spermathecae extremely small (AA).

The six autapomorphic conditions (AA) prove thc
monophyly of the family. These combined with the fact
that it has retained a setulose anepisternum, a plesio-

morphic condition that was lost in the Drosophilidae, sup-
ports its classification as a separate family. At first, Hen-
nig ( I 958, 1965b) considered it to be the sister group of
the Ephydridae, but later (l91la, 1973) he allicd it with
the Curtonotidae and Drosophilidae mainly because the
first flagellomere bears a long basal process that pene-

trates deeply into the scape. Its closer relationship with
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the Drosophilidae is confirmcd by the apical reduction
and fusion of Sc with R,, the porition of the proclinate
orbital bristle slightly medial to rhe reclinate orbital bris-
tle, and the presence of two sclerotized spermathecac.

The family consists of eleven described species in three
genera (keyed by Papp 1978a): Camiila wiih nine species
in Holarctic and Ethiopian regions, Katacamilla papp
(Papp 1978a) with one species in West Africa, and proio-
c_amilla Hennig (Hennig 1965b) with one fossil species in
Baltic amber.

Drosophilidae. Like the Ephydridae, this large fam-
ily has a worldwide distribution (Wheeler, Ch. 95j. More
than 2500 species in 57 genera (excluding numerous sub-
genera) are now recognized (cataloged by Wheeler
198 I a). Rondani ( 1856) was the lirst ro propose a farnily-
group name (Drosophilida) for the group. Thanks to its
role in the development of modern genetics, it is one of thc
most studied families of the Diptera. However, much of
the voluminous literature relating to it pertains to the ge-
netics, evolution, and classilication of the core genus, Dio_
sophila, and a modern monograph treating the whole
family from the standpoint of phylogenetic systematics is
still greatly needed (Hennig 1965b; Griflrthi 1972; Bock
1982). The closest approach to such a study is Throck-
morton's (1975) analysis of the phylogeny, ecology, and
geography of Drosophila, in which he briefly outlined his
ideas on certain cladistic relationships of imporranr ge-
neric and suprageneric groups within the family. A recent
series of world and regionally oriented overviews. bv
Wheeler (1981a,b), Yal et al. ( l98l ), Bachli and Rocha
Pit6 (1981), Tsacas et al. (t981), Okada (1981), Bock
and Parsons ( 1981 ), Hardy and Kaneshiro ( l gg t ), par-
sons and Stanley (1981), and Ashburner (1981) and pub_
lished under a single cover (Ashbu rner et at. lggl ), ii the
best compendium of systematic information yet produced
on the family. This work collates information from all the
lmportant pap€rs published over the years and is certainly
a major step forward. But, as was later stated by on" of
those authors (Bock 1982), "the present arrangement is
not entirely satisfactory" and "the classification of the
family clearly merits revision." Almost certainlv. some of
the subgenera, genera, and higher categories aie hetero-
geneous units.

. On the other hand, almost all modern workers gener-
ally agree that the Drosophilidae, as a family group, rs a
monophyletic unit. All the ground-plan charicters of the
Ephydroidea, except a spinose C and a setulose anepister_
num, also apply to it. The following ground-plan condi-
tions 

. 
are particularly significant; those that arc apo-

morphic with respect to the ground plan of ihe
Ephydroidea are marked (A), and those thit are clearly
autapomorphic are marked (AA):

- fulcrum probably with a filter apparatus;

- dorsolateral process of first flagellomere elongate,
penetrating deeply into scape (A);

- arista shortly haired;

- proclinate orbital bristle arising medioventrally to
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lower reclinate orbital bristle (AA):
- iacialcarina prescnr (AA):

- compound eyes haired (AA);

- anepisternum bare (AA);
katepisternum with two or three bristles (AA);
C with humeral break as well as subcostal break (A);

- Sc apically reduced and fused with R, (A);

- cells bm and dm separate, i.e. crossvein dm-cu
present;
cell cup complete;

- spiracles 6 andl present in both sexes;

- tergites 6 andl of the male fused (A);
sternite 7 of the male reduce d or absent (A); and
remnants of sternite 8 of the male divided into a oair
of relatively symmetric dorsolateral plates (AA).

Elaboration on some of these points is required. It is
uncertain whether a filter apparatus was present in the
ground plan of the Drosophilidae. Certainly it is present
in some genera (Frey I 921), but its occurrence and com-
parative structure in the more primitive genera and gen-
erally throughout the family needs further investigation.

A weakly developed facial carina, such as occurs in
most Amiota spp., is probably closest to the ground-plan
condition in the family. Similarly, the relatively sparsely
hairy condition of the compound eyes, as occurs in
Stegana Meigen and Amiota probably approaches the
ground-plan condition for the family. peculiar, tiny,
closely spaced, tooth-like, black spinules are present ven-
trally near the apex ofthe wing in certain Steganinae, but
it seems doubtful whether these are homolosous with the
usual widely spaced costal spines present ill along the
anterior margin of the wing in the Curtonotidae, Camill-
idae, Diastatidae, and some Ephydridae.

The seven autapomorphic characters listed (AA)
firmly attest the monophyly of Drosophilidae. perhaps the
tendency for the larvae to feed on organisms causing fer-
mentation of organic matter, i.e. specialization on yeasts,
should be added to the list of specializations.

The peculiar elongation of the articulation mechanism
between the first flagellomere and the pedicel, and the
anteromedial position of the proclinate orbital bristle in
relation to the reclinate orbitals are two synapomorphies
shared with the Curtonotidae and Camillidae. These two
similarities indicate that Drosophilidae is more closely
related to these two families than to the Diastatidae and
Ephydridae (Fig. 116.1). h is perhaps noteworrhy, also,
that the Drosophilidae is more generalized than either the
Curtonotidae or the Camillidae in having retained cross-
vein bm-cu in its ground plan (as in the Diustatidae). This
crossvein was repeatedly lost within the Drosophilidae,
and presumably it was also lost independently several
times within the superfamily.

Since Duda's (1934b) treatment of the family, two sub-
families, the Steganinae containing l7 genera and thc
Drosophilinae containing 35 genera, are usually recog-
nized (Wheeler 1981a; Bock 1982). This classification is
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complicated by exceptions, and as yet no universally ap-
plicable diagnostic differences between these two groups
has been found. As a result, fivc genera (see Wheeler
l98la) are not placed in either subfamily. This anomaly
and many other similar ones at generic and subgeneric
levels are still unresolved. Bock (1982) provided thc most
succinct analysis of these problems.

It is generally agreed that the mosl generalized mem-
bers of the family belong to the Steganinae (Sturtevant
1942, Wheeler 1952, Hardy 1965). Throckmorton ( 1975)
considered Ihat Amiota sensu lato is the most gcneralized
part group of the Steganinae. Contradictorily, however,
he considered Lissocephala Malloch, which is a relatively
specialized member ol the Drosophilinae. as the most
primitive genus of the family. Unfortunatcly he gave no
reasons to support either assumption. Two fossil species,
Electrophortica succini Hennig (Hennig 1965b) and a
species of l'treotanygastrella Duda (Wheelcr 1963) are
known from Baltic and Mexican ambcr, respectivel,v. The
lirst appears to be most closely related Io Arttioto or
Stegana Meigen (Steganinae) and the second is close to
C hy momy z a Czer ny ( Drosophilinae).

Diastatidae. Frey (1921) was the firsl to treat this lit-
tle group (about 40 spp.) as a separate family (.1. F.
McAlpine, Ch. 96), and his ranking has been followed by
almost all subsequent workers. lt is best representcd in
the Holarctic region, but it also occurs in the Ethiopian
and Neotropical regions. lt consists of four genera,
Pareuthychaeta Hennig containing two fossil species in
Baltic amber, Euthl:chaeta Loew with one Palearctic spe-
cies, Campichoeta Macquart with seven spccics in the
Holarctic region, and Diastata Meigen containing about
30 species in the Holarctic, Ethiopian, and Neotropical
regrons.

Hennig (1958, 1965b,1971a) believed that the family
is probably a monophyletic unit, but he could frnd no au-
tapomorphic conditions to prove the point. Following is a
list of important ground-plan characters of the family
that differ more or less with respect to the ground plan of
the Ephydroidea. Those that I consider autapomorphic
are marked (AA):

fulcrum probably with a filter apparatus;
lower reclinate orbital bristle weak (AA):

- orbital plate with an additional, fine, lateroreclinate
setula above strong reclinate orbital bristle (AA);

- proclinate orbital bristle arising laterally to reclinate
orbital bristles;

- anepisternal bristles present;
anteroventral costal spines finc and broadly spaced;

- C with weakly developed humeral break;
Sc reduced apically and more or less fused with R, ;

- cellcup minute (AA);
tendency for alula and anal lobc to be reduced (A);
anterior femur with antcroventral ctenidium: and

- mid femur with posteroventral ctenidium (AA).

Some discussion of some of these characters ls neces-
sary. Although a weakly developed filter apparrtus is pre-
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sent in the fulcrum of certain species of Diastata (Frey
l92l), it is not known whether it occurs in Euthychaeta
and Campichoeta; if not, it may be undeveloped in the
ground plan of the family.

The anterior reclinate orbital bristle is present but rela-
tively wcak in the ground plan of the Diastatidae, as in the
Curtonotidae and Camillidae, It is best developed in both
sexes of Campichoeta and in females of Euthychaeta,but
it is greatly reduced or absent in the fossil genus,
Pareuthychaeta, and in Diaslata. Identification of the
true, anterior (lower), reclinate orbital bristle is easiiy
confused by the presence in all Diastatidae of a small,
lateroreclinate or reclinate setula above the strong, recli-
nate orbital bristle. This tiny, upper orbital setula is a dis-
tinctive autapomorphic character of the family. That it is
an additional seta is proven by the presence of all three (a
relatively weak lower reclinate bristle or setula, a strong
middle reclinate bristle, and a weak upper lateroreclinate
or reclinate setula) in both sexes of Campichoeta species.
in females of Euthychaeta spectabilis Loew, and in many
species ol Diastatq. I agree with Hennig (1958) that in
the ground plan of the Ephydroidea only three, more or
less cqual-sized orbital bristles (the lowermost one procli-
nate) are arranged in a nearly vertical line, as in most
steganine Drosophilidae.

A setulose condition of the anepisternum is a ground-
plan character of the Ephydroidea, but the development
of anepisternal bristles is a specialization that occurs in a

number of families including the Diastatidae, Curto-
notidae, Camillidae, and Ephydridae. The absence of
both setulae and bristles is an autapomorphic feature of
the Drosophilidae.

An anteroventral ctenidium on the front femur is possi-
bly a ground-plan character of the Ephydroidea, but a
similar posteroventral ctenidium on the mid femur is an
autapomorphic character of the Diastatidae. The same
character occurs in certain genera of the Ephydridae, e.g.
males of |y'oriphiIaFall6n (Mathis I979).

The presence of costal spines is a ground-plan character
oi the Ephydroidea, but the reduced size and broad spac-
ing of these spines (as in Camillidae) is probably an au-
tapomorphic condition of the Diastatidae.

Reduction in the anal region of the wing with ultimate
reduction of the cell cup, anal lobe, and alula, occurred
repeatedly in the Ephydroidea. The consistently small
size ofcell cup in all Diastatidae, and the tendency for the
reduction of the anal lobe and alula (least reduced in
Euthyt'haeta) are autapomorphic conditions of the
family.

These autapomorphies, especially in combination with
the other characteristics listed, confirm that the Diastat-
idae is u monophyletic unit.

Griliths (1912) transferred Diastata to the Ephydri-
dae mainly on the grounds that sclerotized spermathecae
are absent and the ventral receptacle is sclerotized (as in
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Ephydridae). Although I agree that these conditions in
Diastata may foreshadow similar conditions in the Ephy-
dridae, I believe they evolved separately as parallel dcvel-
opments. Sclerotized spermathecae have been lost repeat-
edly within the Acalyptratae, and, in the light oi their
much reduced condition in the Camillidae. their absence
in Diastata and the Ephydridae is not surprising. Fre-
quently their function is supplemented and apparently
replaced by the ventral receptacle, an organ that is usu-
ally well developed in all Ephydroidea. Thus, the strongly
sclerotized condition of the ventral receptacle in Diastata
and the Ephydridae is perhaps less significant phylogenet-
ically than was believed by Griliths. Differences in the
form (more or less coiled or C-shaped in Diastatidae,
mushroom-shaped in Ephydridae) and in the position
(anteriorly directed in Diastatidae, posteriorly directed in
Ephydridae) generally support the idea of separate devel-
opment in each family. For these reasons I do not agree
either that Diastalq is more closely related to the Ephy-
dridae than to Cantpichoeta and Euthychaela (Griliths
1972), or that Diastatc alone is the sister group of the
Ephydridae (Cogan 1975). The common ancestor of both
these families is still unknown.

The ground-plan conditions of the Diastatidae would
seem more plesiomorphic than any other family of the
Ephydroidea in two respects. First. it has no discrete hu-
meral break in C (Hennig i958). Howcver, this costal
break does occur in most members of the family, and cvcn
where it is said to be absent (in fossil genus, Pareuthy-
chaeta, and in Euthychaeta and Campichoeta) a distinct
attenuation in the C occurs at the ooint at which the hu-
meral break normally occurs. It is possible that in these
genera (as in certain Ephydridae) the humeral break is

secondarily partially closed. If the semiclosed condition in
these genera is truly plesiomorphic, a discrete humeral
break must have developed several times within the Ephy-
droidea. Second, the articulation of the pedicel and first
flagellomere seems more generalized in the Diastatidae
and Ephydridae than in the remaining families of the
Ephydroidea (Hennig 1971a). In the Diastatidae and
Ephydridae, the proximal process of the first flagellomere
is less deeply inserted into the apex of the pedicel. Hennig
stressed the fact that in the Curtonotidae, Camillidae,
and Drosophilidae this process penetrates deeply into the
interior of the pedicel, and he used this feature as a synap-
omorphic character to distinguish his "Drosophilidea"
from his "Ephydridea." If the family Ephydridae is in
fact the plesiotypic sister group of the remainder of the
Ephydroidea, it would be necessary to postulate that a

complete and separate subcosta was regained in the Cur-
tonotidae, which seems unlikely. Possibly the proximal
process of the first flagellomere is less extensive in the
ground plan of the Curtonotidae than was assumed by
Hennig. The relative development of this structure in
other genera of the Diastatidae and Ephydridae needs
further investigation.

In conclusion, I agree with Hennig (1958, 1971a) that
the Diastatidae and Ephydridae are sister groups
(Fig. I16.7). As noted by Hennig, the reduced condition
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of cell cup and the lateral position of the proclinate orbital
bristle in relation to the reclinate orbital bristles are two
synapomorphic characters that support this opinion. Hen-
nig was wrong, however, in stating that both lamilies lack
sclerotized spermathecae, for sclerotized spermathecae
occur in both Campichoeta and Euthychaeta, and there-
fore in the ground plan of the Diastatidae.

Ephydridae. Shore flies (Wirth et al.,Ch.98) consti-
tute one ol the largest (more than 1300 species), most
widely distributed, and best substantiated monophyletic
subgroups of the Acalyptratae. Morphologically, at least,
it is the most highly specialized family of the Ephydr-
oidea. The accepted family name, based on Ephydra
Fall6n (Fall6n 1810) was proposed as Ephydrinaeby ZeI-
terstedt (1837). In response to a proposai by Mathis
( 1981), the International Commission on Zoological
Nomenclature (1985, Opinion 1321) declared Ephydri-
dae as the oflrcial name of the family. The classificatory
history is wellsummarized by Wirth et ci. (Ch. 98).

Hennig ( 1 958) enumerated I 2 characters that he con-
sidered to be apomorphic ground-plan conditions of the
lamily. Grilhths (1912) listed seven that he regarded as

apomorphic with respect to the ground plan of the Ephy-
droidea, but his concept of the family was complicated by
the inclusion of Diastata within the Ephydridae (see dis-
cussion under Diastatidae). I consider the following l5
characters of the Ephydridae apomorphic with respect to
the ground plan ofthe Ephydroidea; those that are autap-
omorphic are marked (AA):

- fulcrum with a filter apparatus;
anterior reclinate orbital bristle weak;
proclinate orbital bristle arising laterally to reclinate
orbital bristles;
postocellar bristles absent (AA);

- subcranial cavity enlarged (AA);

- anepisternal bristles present;

- C with humeral break as well as subcostal break;
Sc reduced apically and more or less fused with Rr;

- crossvein bm-cu absent, cells bm and dm confluent;
veins CuA, and A, atrophied, hence cell cup absent
(AA);

- abdominal spiracles 2-5 within tergites (AA);
abdominal spiracles 7 absent in both sexes;
sclerites of abdominal segments 6-8 atrophied in
male;

- sclerotized spermathecae absent (AA);and

- ventral receptacle heavily sclerotized (AA).

Probably the microphagous feeding habits of the larvae
and adults (Wirth et al., Ch.98), especially their tend-
ency to feed primarily on atrophic algal cells (as opposed
to proclivities of the Drosophilidae to feed on hetero-
trophic yeast cells, Foote 1981), should also be cited as a
specialized character of the family.

From this complement of apomorphies, including six
autapomorphies, it is clear that the Ephydridae is a mono-
phyletic unit. As discussed under the Diastatidae, it is
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probably the younger sister group ol Diastatidae
(Fie. I 16.7).

Papp (l91lb, 1980) considered the Risidac to be
closely related to the Ephydridae, but important differ-
ences in the antennal structure, frontal bristling, and
mouthparts preclude its inclusion in Ephydroidea (see
discussion under Carnoidea).

No general phylogenetic treatment of the E,phydridae
has been produced; the closest approach to such a study is
Mathis' (1919) cladistic analysis oi thc Ephydrinae. Un-
fortunately, the four subfamilies currently rccognized, i.e.
the Psilopinae, Notiphilinae, Parydrinae, and Ephydrinae
(Wirth et al.,Ch.98), are not clearly defined in that anal-
ysis, so that the subfamilial positions of some gcncra are
still uncertain. No complete world list of genera has been
publishcd, but Hennig (1973) outlined typical genera of
each of the subfamilies.

A rough count from various sources shows that the
family consists of about 140 recognized genera. At pre-
sent, 52 genera and 250 species are known from thc Ethio-
pian region (Cogan 1980b), 43 genera and 120 species
from the Oriental region (Cogan and Wirth 1911), 60
genera and 466 species from thc Palearctic rcgion (Cogan
1984), 68 genera and 425 species from the Nearrctic rc-
gion (Wirth et al.,Ch.98), and 68 genera and 320 species
from the Neotropical region (Dconier 1919, based niainly
on Wirth 1968). No figurcs are available for the Austra-
lian region, but l l generaand24 species are known from
New Zealand (Harrison 1959). No fossils arc known.

GROUND-PLAN CHARACTERS AND MONOPHYLY
OF THE CALYPTRATAE

As stated earlier, the monophyly of the Calyptratae,
including the Hippoboscoidea, has been confirmed in-
creasingly by many workers (see especially Roback 1951 ;

Hennig 1958, 1965a, 1971a; Grilhths 1912). Of 128
ground-plan characters listed for the Calyptratae (see
Table 1 16.2), 48 occur in an apomorphic condition rela-
tive to that found in the ground plan of the Acalyptratae
(Table 116.2) and the Schizophora as a wholc (see Table
116.1). This number in itself is ample verification of the
monophyly of the Calyptratae.

SUBORDINATE GROUPS OF THE CALYPTRATAE

The question of how the Calyptratac should be subdi-
vided is still unsettled. Proposals offered varv from author
to author, depending on the characters they employ and
the importance they attribute to them. The major steps in
the classification of the group were well summarized by
Hall (1948), Roback (1951), Singh and Judd (1966), and
Hori (1967). From an evolutionary standpoint, perhaps
the most important contributions are the works of Hennig
(1955, 1958, 1965a, l9l1a, l976a,b), Herting (1957),
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and Grilhths (1912). These papers are referred to repeat-
edly in the following discussion and should be consulted
by anyone interested in understanding the phylogeny of
the Calyptratae.

In my opinion the Calyptratae consists of three mono-
phyletic superfamilies, the Hippoboscoidea ( : Glossin-
oidea of Hennig 1911a, 1973) containing the families
Glossinidae, Hippoboscidae, Streblidae, and Nycteribi-
idae; the Muscoidea containing thc Scathophagidae, An-
thomyiidae, Fanniidae, and Muscidae (including Egini-
ini); and the Oestroidea containing the Calliphoridae,
Mystacinobiidae, Sarcophagidae, Rhinophoridae,
Tachinidae, and Oestridae sensu lato (Fig. I 16.8).

The semiapterous cave species, Mormotomyia hirsuta
Austen (Austen 1936) (Mormotomyiidae), was incor-
rectly referred to the Calyptratae by van Emden (1950)
and Hennig (1958, 1911a,1973). Hennig (1973) treatcd
it as a possible sister group of all rcmaining Calyptratae
and ranked it as a separate superfamily, the Mormotomy-
ioidea. I agree with Griffiths (1912) that Mormotomyi-
idae is definitely a member of the Acalyptratae, but I
have placed it in the Sphaeroceroidea rather than in the
Tephritoidea (for detailed discussion, see under
Mormotomyiidae).

Superfami ly Hippoboscoidea

The classification of the Hippoboscoidea (Fig. 116.8)
has received much attention from the beginning of dipter-
ology, but many aspects of its morphology and systemat-
ics are still controversial. Key works, for anyone taking up
the subject now! are those by Bequaert (1953, 1954
1957), Griliths (1972, 1976), Hcnnig (1941 , 1965a,
1971a), Newstead et al. (1924), Potts (1913), Schlein
(1970), Schlein and Theodor (197 l), Theodor (1963,
1961 , 1975), Wentzel ( 1976), and Zaka-ur-Rab ( 1979).

The Hippoboscoidea. as a group. is more generalized in
some respects than any other group of the Calyptratae.
For example, in the ground plan (usually best exemplified
in the Glossinidae), abdominal tergite 6 of the male is

almost as long and as unmodified as tergite 5, spiracles 6

and 7 never occur together in the pregenital sclerite, the
surstyli are not closely articulated with the cerci, sternite
I 0 is not divided into discrete bacilliform sclerites. and the
gonopods are solidly fused with the hypandrium (possibly
a pseudoplesiomorphic feature). In the female, abdominal
segments 6 and I are relatively unmodified and are not
retractile, and spiracle 7 is not shifted forward as in most
Calyptratae. In both sexes vibrissae are undifferentiated
(possibly a pseudoplesiomorphic condition). For these
reasons this superlamily is considered to be the sister
group of the remainder of the Calyptratae (Muscoidea
and Oestroidea, see Fig. I i6.8).

The ground plan of the Hippoboscoidea includes the
following autapomorphic characters (synapomorphic
characters of the families of the Hippoboscoidea) with
respect to the ground plan of the Calyptratae:
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free larval stage suppressed;

- larvae feeding to maturity on glandular secretions in
female abdomen (adenotrophic viviparity);
larvae without pharyngeal filter;

- larvae without salivary glands;

- larvae with greatly reduced cephalopharyngeal
skeleton:

- larvae metapneustic, i.e. with anterior spiracle absent;
larvae with no direct connection between mid and
hind gut;

- pupae with outer spiracular process of each anterior
spiracle not penetrating puparium (Bequaert I 953);

- adults feeding exclusively on fresh, fluid blood of ver-
tebrates by sucking blood from living hosts;

- males dichoptic, holoptic condition lost;

- females with internal abdominal secretory (milk)
glands and associated structures for rearing larvae
internally;
arista with branched olumules:
proboscis peculiarly adapted for piercing and blood-
sucking, i.e. with bulb-like basal swelling and needle-
tike apical section;
salivary pump absent;

- palpi modified to form sheath for proboscis;
postocellar bristles reduced;

- outer vertical bristles absent;

- prosternum (presternum and basisternum) largely
membranized (Hennig 19 65 a),
basalar apodeme and anapleural (episternal) suture
reduced (Schlein 1970);

- transverse suture of scutum comolete:
metabasisternum expanded and exposed. with double
floor (Hennig I 941, Schlein I 970);
metepimera fused ventrally behind hind coxa forming
neck between thorax and abdomen (Schlein 1970);

- vein A, reduced, not reaching wing margin;
abdominal sternite I enlarged;

- abdominal spiracles 3-5 secondarily situatcd in
membrane:

- epiphallus lost;

- ejaculatory apodeme reduced or lost;

- testes forming a pair of long, coiled tubules;

- female abdomen enlarged and extensively
membranized;

- accessory glands modified to form secretory glands for
nursing larvae;
ovaries with reduced number of ovarioles; and
ovaries dissimilar in size, alternating in production of
mature ova.

Within the Hippoboscoidea are two monophyletic sister
groups. One consists of the Glossinidae and Hippo-
boscidac, and the other consists of the Streblidae and
Nycteribiidae (Fig. 1 16.8).

Most of the similarities between the Glossinidae and
Hippoboscidae are symplesiomorphic including basic
similarities in the structures of the head, thorax, and ab-
domen. Most workers agree with Bequaert (1954, p. 54)
that "the Glossinidae are most closely related to the Hip-
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poboscidae" and "that the two families show so many
striking similarities, that the homologies of many external
structures of the Hippoboscidae can most easily be traced
by assuming that they are dorsoventrally flattened, Glos-
sira-like flies."

Synapomorphic features of the Glossinidae and Hippo-
boscidae include the following:

dorsal surface of tibiae specially adorned or modified;

- tergal branch of the depressor muscle of the midtro-
chanter absent;

- prothoracic basisternum with a median apodeme;
abdominal sternites 2-4 and 6 membranized:

- males with surstyli reduced, nonfunctional as claspers;
and
aedeagal apodeme closely and securely joined to
hypandrium.

Glossinidae. The free-living Glossinidae have re-
tained more of the primitive muscomorphan features than
any of the ectoparasitic Hippoboscoidea. More than any
other family, the Glossinidae shows the primitive condi-
tions for most of the adult characters of the Hippobosc-
oidea (as listed here, and see also Bequaert 1953 pp. 55

56). Only in Glossina Wiedemann does the larva retain
even the basal piece of the cephalopharyngeal skeleton,
i.e. the tentoropharyngeal sclerites (Hennig 1952).

Much confusion exists in interpreting certain parts of
the male terminalia of the Glossinidae and other families
of the Hippoboscoidea, particularly the cerci and surstyli.
f n the Glossinidae, I agree with Hennig (197Ia) that the
cerci (called telomeres by Griffiths 1972) are enlarged
and are peculiarly adapted for clasping. I also agree that
the so-called adanalia are secondarily sclerotized areas on
either side of the anus. In addition, I interpret the so-
called edita as reduced surstyli, as suggested by Hennig;
they connect, as in most Muscomorpha, posteriorly with
the cerci and anteriorly with the hypandrium, through the
intermediacy of sternite 10. In the Hippoboscidae, the
processes called penis valves by Bequaert (1953), param-
eres by Theodor (1963), postgonites by Schlein and The-
odor (1971) and Theodor (1975), and claspettesby Zaka-
ur-Rab (1919), are the gonopods; true external parameres
are present in the Glossinidae, but they are absent in the
Hippoboscidae. The lateroventral processes that were
called gonocoxites by Bequaert (1953), Seitenfortsatz by
Theodor (1963), and praegonites by Schlein and Theodor
(1971) and Theodor (1975) are, in fact, surstyli as was
correctly indicated by Zaka-ur-Rab (1979). For correct
interpretations of the male terminalia of the Hippo-
boscidae see Maa and Peterson (Ch. I I 1 ).

Autapomorphic characters of the Glossinidae include
the following:

- first flagellomere elongate, dorsally concave in profile,
and with a dorsoapical point;

- arista enlarged and flattened, bearing numerous, long,
branched plumules on dorsal surface only;
Iunule setulose:
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- reclinate orbital bristles absent:

- proclinate orbitals extending far forward, fivc in
number;

- proboscis and palpi very elongate;
sensillar areas of prosternum situated on a single
plate;

- anapleural suture and its inner apodeme reduced
(Schlein 1970);
metabasisternum with lateral margins turned down-
ward and forward, anterior end forming a cone that
projects between mid coxae;

- vein M,*, forwardly inclined from junction of cross-
vein dm-cu, and meeting C before wing apex;

- cell dm hatchet-shaoed:
cell cup strongly concavely closed:

- tibiae and tarsi with a middorsal row of stout, closely
placed setulae;

- male with abdominal sternite 7 and tersites 7 and 8
fused and forming a secondarily symmetiic pregenital
ring;

- cerci ofmale adapted as clasping processes;

- female with all abdominal sternites, including sternite
8, reduced and replaced by an elastic membrane; and
spermathecae reduced to two.

Hippoboscidae. In a few respects, the Hippoboscidae
(Maa and Peterson, Ch. I 1 l) are more generalized than
the Glossinidae. For example, the lunule is bare, the sen-
sillar areas of the prosternum are still scparate, and three
spermathecae were sometimes retained, although they
are not sclerotized (Bequaert 1953). Autapomorphic
characters of the Hippoboscidae include the following:

- adults ectoparasitic, living continuously on host;

- adults feeding exclusively on warm-blooded verte-
brates, exclusive of bats;

- body adapted for movement among hairs and
feathers;

- head, thorax, and abdomen strongly dorsoventrally
flattened:

- head retracted between anterior coxae;

- head prognathous;
antennal scape strongly reduced, partially to com-
pletely fused with lunule;
first flagellomere very short;

- face with deep antennal grooves;
lunule bare:

- mesoscutum with a median suture;

- anterior thoracic spiracle dorsally situated (Webb
1945);

- legs laterally inserted;

- coxae broadly separated medially;
mid coxal prong lost;

- tarsal segments flattened and shortened;

- claws recurved and toothed at base;
wing veins concentrated in anterobasal area of wing
blade;
crossvein dm-cu absent:

- intermediate abdominal tergites and sternites exten-
sively membranized;
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male with pregenital sclerites reduced; at most, repre-
sented by a dorsal plate (sternite 8);

- terminalia of male retracted into a deep genital pouch;
hypandrium very elongate;

- parameres absent;
cerci reduced;
aedeagus elongate, remaining posteriorly directed at
rest:

- male with four or more accessory glands; and

- female with two or three unsclerotized soermathecae
(Bequaert I 953).

Synapomorphic characters of the Streblidae and Nyc-
teribiidae are as follows:

- larval spiracles with two openings (posterior or third
opening lost);
adults ectoparasitic, living continuously on host;

- adults feeding exclusively on bats;

- body adapted for movement among hairs;
compound eyes reduced;

- ocelli lost;

- antennal scape strongly reduced, fused with frons;
first flagellomere very short;
face with deep antennal grooves;

- lunule reduced;

- slender apical portion of proboscis consisting of elon-
gated labella;

- first pair ofcervical sclerites lost;

- sensillar areas of prothorax situated on a single plate;
anterior spiracle dorsally situated;
metanotum with two internal metanotal processes
that project posteriorly into the abdomen (Schlein
I 970):

- legs laterally inserted;
coxae broadly separated medially;

- coxal spines commonly forming ctenidia;

- mid coxal prong lost;
tarsal segments flattened and shortened (except basal
tarsomere of some Nycteribiidae);

- claws recurved and toothed at base:

- lower calypter reduced;
cerci of male reduced (probably replaced by
adanalia);
aedeagal apodeme rod-like, not closely associated
with hypandrium; and

- spermathecae desclerotized.

A few of the ground-plan conditions of the Streblidae
+ Nycteribiidae are more plesiomorphic than those of
the Glossinidae + Hippoboscidae. For example, the ter-
gal branch of the depressor muscles for the mid trochan-
ter is present, there is less membranization of the interme-
diate abdominal segments (segments I to 6 are relatively
well developed in both sexes of Streblidae, e.g. species of
Nycterophilic Ferris). The surstyli are well developed
and adapted for clasping, as in Nycteribiidae, e.g. species
of Penicillidia Kolenati, and the gonopods are distinctly
separated from the hypandrium by a membranous area.

Streblidae. A number of characters in the ground
plan of the Streblidae (Wenzel and Peterson, Ch. I l3)
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are more plesiotypic than the same characters in thc Nyc-
teribiidae. For example, the head is not folded back on thc
dorsum of the thorax, thc sclerotization of the dorsal sur-
face of the thorax is relatively complete, thc body is less
flattened, (not at all flattened in Nycterophilia spp.),
functional wings (though peculiarly specializcd) are re-
tained, and the segmental sclerites of the abdomen are
more complete. For these reasons the Streblidae are con-
sidered to be the older sister group of the Nycteribiidae.

Autapomorphic characters of the Streblidae include
the following:

- wing with peculiar shape, venation, and tcxture,

- veins setulose;

- C without humeral and subcostal breaks
(pseudoplesiomorphy) ;

Sc incomplete, fused with base of R,;

- basal crossveins (r-m, bm-cu, and CuA,) shifted far
oulward in wing blade:
cell dm open (crossvein du-cu absent);
axillary sclerite 3 with club-shaped projection
(Schlein I 970);

- metanotum with two lateral lobes, externally; and
spermathecae absent.

Nycteribiidae. Autapomorphic characters of thc
Nycteribiidae (Peterson and Wenzel. Ch. 112) include
the following:

head folded backward; in resting position with dorsal
surf'ace adjacent to mesoscutum;

- thorax membranized in middle of dorsum;

- sclerotization and musculaturc of thorax drasticallv
modified (Schlein I 970);

- legs inserted dorsally;
wings absent;
mid coxae with a grasping organ, the thoracic ctenid-
ium: and
abdominal sternites I and 2 fused, bearing abdominal
ctenidium.

Certain peculiar similarities in the Hippoboscidae,
Streblidae, and Nycteribiidae, e.g. ectoparasitic habits of
adults, flattened bodies, drastically modified sclerites of
head and thorax, spider-like orientation of legs, and
toothed tarsal claws, are sometimes suggested as synapo-
morphies that indicate monophyly. It now seems probable
that such similarities between the Hippoboscidae, on the
one hand, and the Streblidae + Nycteribiidae, on the
other hand, are convergent adaptations to similar ways of
life.

The sister group of the Hippoboscoidea is the Musc-
oidea + Oestroidea (Fig. 116.8). The monophyly of
these two superfamilies is demonstrated by the following
characters, which are autapomorphic ( : stnupomorphies
of the Muscoidea and Oestroidea) with rcspect to the
ground plan ol the Calyptratae:

vibrissae well develooed:
male with abdominal sternite 6 reduced. retracted
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anteriorly to lie abovc sternite 5, asymmetric, shifted
to left side, and partially fused with syntergosternite 7

*8:
- left abdominal spiracles 6 andl enclosed in pregenital

sclerite on left side;
surstyli closely connected with cerci (Hennig 1916a);
female with abdominal segments 6 and I modified for
oviposition, fully retractible within preceeding seg-
ments: and

- hypoproct with lingulae (Herting 1957).

Superfamily Muscoidea

The name Muscoidea has probably been used in a

wider variety of senses than any other supragenenc name
in Diptera. The most important of these usages were re-
vicwed by Griffiths (1972) and need not be repeated here.
I restrict the name to a superfamily, in the usual sense,

within the Calyptratae as proposed by Roback ( 1 951) and
as adopted by Hennig (1973). As indicated previously, it
contains the families Scathophagidae, Anthomyiidae,
Fanniidae, and Muscidae (including Eginiini).

The superfamily Muscoidea (Fig. 116.8), by virtue of
primitive conditions found in the Scathophagidae and
Anthomyiidae, is more generalized in its ground plan
than is the superfamily Oestroidea (Roback l95l). Most
important, the meron although sometimes bearing hairs
and bristles. does not have a vertical row of bristles as in
the ground plan of the Oestroidea. In addition, the apical
section of vein M is relatively straight and ends well
behind the wing tip, vein A, continues to the wing margin,
and the cerci are not rigidly fused.

Autapomophic characters in the ground plan of the
Muscoidea ( : synapomorphic characters of the Scatho-
phagidae, Anthomyiidae, Fanniidae, and Muscidae, in-
clude the following:

male with anus situated above bases of cerci (Hennig
l91 6a:

- ste rnite l0 divided along midline, forming discrete
bacilliform sclerites:
female with abdominal segments 6 and 7 relatively
strongly differentiated from preceding segments;

- abdominal spiracle 7 shifted forward onto tergite 6;
and
abdominal sternite 8 divided.

Scathophagidae. Within the Muscoidea, the family
Scathophagidae (Vockeroth, Ch. 103) has retained more
plesiomorphic conditions in certain ground-plan charac-
ters than any other subordinate group. For example, the
bristling of the head, thorax, and abdomen is weaker and
sparser (occiput with pale hairs only, cruciate interfrontal
absent, and katepisternum with one bristle); abdominal
tergite 6 of the male is but little shorter than tergite 5:the
cerci are separate and reciprocally movable; the sclero-
tized hypandrial bridge, behind the basiphallus and
between the hypandrial arms, is still complete; and each
bacilliform sclerite is discrete. i.e. distinctlv articulated
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with both the surstylus and the hypandrial arm. Autapo-
morphic characters of the Scathophagidae are as follows.

head equally dichoptic in both sexes;

- lower calypter greatly reduced;

- meron bare;
ventral surface of scutellum bare;

- male without accessory glands (Hori 1960);
sternite 8 of female with free valvulae (Herting 1957);
adult predaceous on insects and other invertebrates
(Vockeroth,Ch. 103); and
mating taking place while bolh sexcs are groundcd.

The monophyly of the group, Anthomyiidae * Fanni-
idae * Muscidae, is demontrated by the follou ing autap-
omorphic ground-plan characters (synapomorphies of
included taxa):

- bristles of head, thorax, and abdomen numerous and
strong (occipital bristles strongly differentiated, cruci-
ate interfrontals present, and kalepisternum with two
or three bristles):

- male with abdominal tergite 6 much shorter than ter-
gite 6;

- cerci fused, operating as a single unit; and
acrophallus reduced (Hennig 197 6a).

Plesiomorphically, the holoptic condition in males was
retained in the ground plan of this group! but it was lost
independently in various branches in many subordinate
groups.

Anthomyiidae. ThefamilyAnthomyiidac (Huckett,
Ch. 104) is the sister group of the remainder of the
Muscoidea. The following plesiomorphic conditions \rere
retained in its ground plan, but were lost in the Fanniidae
* Muscidae:

- larvae with parastomal bars prcsent (Roback l95l );
- dorsal cornu flared and with window present (Roback

r95l);
adults with vein A, continuing to wing margin; and

- ventral surface ofscutellum with hairs,

Autapomorphic characters of the Anthomyiidae are as
follows:

- scutellum with a cluster of fine. erect hairs on ventral
surface near apex;
The presence of fine, scattered, more of less dccum-
bent hairs on the ventral margins of the scutellum is
judged to be a plesiomorphic condition of thc Musco-
morpha, but the relatively constant position, erect
condition, and clustered disposition of these hairs in
the Anthomyiidae is the clearest autapomorphic
ground-plan feature of the family; thesc hairs were
lost several times within the lamily.

- base of tarsomere I of hind tarsus with an outstanding
ventral bristle (A. Pont, personal commun.);and

- cerci and surstyli connected by a complcx membrane-
fold articulation (Hennig 1976a).

The monophyly of the Fanniidae * Muscidae is shown
by the following autapomorphies (synapornorphies of the
Fanniidae and Muscidae) :
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- larvae with parastomal bars lost;

- dorsal cornu unflared and without windows:

- vein A, abbreviated, not reaching hind margin of wing
(except in some Eginiini);
male with each surstylus linked directly to hypandrial
arm, i.e. without discrete bacilliform sclerites; and

- hypandrial bridge absent, hypandrial arms widely
separated behind basiphallus.

Fanniidae. The Fanniidae (Huckett and Vockeroth,
Ch. 105) are more generalized than the Muscidae in at
least three respects: the larval mandibles have remained
separate; in the adults, the female has retained abdominal
spiracles 6 and 7: and the male has retained a pair of ac-
cessory glands (Hori 1960).

The monophyly of the Fanniidae is abundantly estab-
lished. The following list of ground-plan autapomorphies
is based mainly on evidence presented by Herting ( 1957),
Chillcott ( 1960), and Hennig (1965a):

larva with body flattened and with peculiar, usually
bra nchcd processes:
posterior spiracles on raised processes;
adult with proclinate orbital bristle absent in female;

- frontal plate of female broadened;
apical portion of vein Sc evenly bowed toward vein C;

- anepimeron and meron bare;
ventral surf'ace of scutellum bare:

- vein 
. 
A., peculiarly arched posteriorly, thence

antenorly;

- mid tibia of male thickened on distal half and densely
pubcscent on ventral surface;

- hind tibia with a mid dorsal bristle, the calcar;
gonopods reduced, fused into hypandrium;

- aedeagus reduced, posteriorly directed;

- sternite l0 peculiarly modified, bearing "bacilliform
processes," not forming elongate bacilliform sclerites,
and not directly connected to hypandrium;

- surstylus connected to hypandrial arm by extension
from anteromedial base of surstvlus (vice versa in
Muscidae);
epiphallus lost; and

- ejaculatory apodeme absent (Griffiths 1972).

Fanniidae is frequently considered as a subfamily of
the Muscidae (Chillcott 1960; Fonseca 1968; Hennig
1955 1964, 1965a,1973); indeed, it is treated thus by
Huckett and Vockeroth in Chapter 105 of this Manual.
However, I agree with Roback (1951), Griffiths (1912),
and Pont (1911) that ranking the group as a full family
alongside the Scathophagidae, Anthomyiidae, and
Muscidae is warranted.

Muscidae. The family Muscidae (Huckett and
Vockeroth, Ch. 105), including the Eginiini, retained ple-
siomorphic counterparts of all the autapomorphic charac-
tcrs listed for the Fanniidae (Hennig 1965a). At the same
time, the lamily has a number of autapomorphic condi-
tions as follows:

larva with mandibles closely appressed or fused
(Roback 1951):
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- dental sclerites fused ventrally (Hennig 1965a):
adult female with abdominal spiracles 7, and usually
6, absent (Herting 1957);

- male with each surstylus connected to hypandrium by
an extension from posterior extremity of hypandrial
arm (v ice ve rs a in Fanniidae) ;

- accessory glands absent (Hori I 960); and
the primarily predaceous life habits of the larvae is

also an autapotypic ground-plan character of the
Muscidae (Roback 195 I ).

The Eginiini have been considered to represent a dis-
tinct family (Eginiidae) (Stackelberg 1969, 1970), but
their systematic position has not been satisfactorily re-
solved (Grifliths 1972; Hennig 191 lq, 1913, 197 6a). The
group has frequently been referred to the Oestroidea
because the meron ( : hypopleuron) is either hairy or se-

tose, or both, in most of its members. A hairy meron is a
plesiomorphic condition present in the ground plan of the
Schizophora. When present in the Eginiini these hairs or
setae are relatively weak and are arranged in a morc or
less horizontal cluster near the upper mergin of the
meron. Similar vestiture occurs in some Anthomyiidae,
e.g. species of Eremomyioides Malloch, and in somc
Muscidae, e.g. species of Dichaetomyia Malloch and
Phaonia Robineau-Desvoidy, and other forms, and it
should not be confused with thc vertically aligned row of
bristles found in almost all Oestroidea. All Eginiini also
agree with Dichaetomyia in having bristles on the rim of
the posterior thoracic spiracle.

I believe that the Eginiini belong to the Muscidae as

indicated by Herting (1957), Griffiths (1912), and Pont
(personal commun.), and as accepted by Huckett and
Vockeroth (Ch. 105). The most compelling reason for
placing the Eginiini in the Muscidae is the absence of
abdominal spiracles 6 and I in the lemales, a virtually
unique autapomorphy of the Muscidae (Herting 1957).
In addition, the male terminalia are relatively small, with
the basiphallus and distiphallus relatively weakly sclero-
tized and differentiated, the gonopods are reduced and
fused with the hypandrium, and the arms of the hypan-
drium are connected directly to the bases of the sursryli
without intervening bacilliform sclerites. These charac-
ters also agree with conditions in the Muscidae, but not
with those in the Anthomyiidae or Oestroidea. Other im-
portant, but symplesiomorphic points of agreement
between the Eginiini and Muscidae are as follows: vein M
relatively straight and ending behind wing apex (not
sharply bent forward and ending before wing apex as in
Oestroidea), and infrasquamal setulae absent (present in
Calliphoridae and related families). In addition, the base
of tarsomere I of the hind tarsus is without an outstandins
ventral bristle (present in Anthomyiidae).

The weakly notched to completely undivided abdomi-
nal sternite 8 in females of the Eginiini may be an autapo-
morphic adaptation (Hennig 1976a) associatcd with the
peculiar eggs (large and flattened) and ovipositing habits
of the group (on millipeds). The position of the anus of the
male is between the bases of the cerci. rather than above
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them. However. this character shows considerable varia-
tion within the Muscoidea and Oestroidea, and its signif-
icance in the Eginiini is uncertain.

A complete vein A, in some Eginiini (Herting 1957)
might suggest that the group belongs to the Anthomyi-
idae, or at least might exclude it from the Muscidae
(Hennig 1973). However, this condition is plesiomorphic
in both the Scathophagidae and Anthomyiidae, and its
presence in the Eginiini cannot be taken as evidence of a

close relationship between that group and the Anthomyi-
idae. It is uncertain whether a complete vein A, is a
ground-plan character of the Eginiini. In specimens of
Eginia ocypterata (Meigen) examined, it is incomplete in
the male and complete in the female; it is incomplete in
both sexes ol Syngamoptera armurensis Schnable, but it
is complete in both sexes of an unnamed species of Xeno-
tachina Malloch. The possibility that it is incomplete in
the ground plan of the Eginiini, and that it is secondarily
lengthened (pseudoplesiomorphy) in some members,
should be considered.

It has been stated that abdominal spiracles are absent
in the Eginiini (Hennig 1911a). According to my obser-
vations seven pairs are present in the male, and live pairs
in the female, of E. ocypterata. At least five pairs are pre-

sent in the male, and five in the lemale also, of S. ar-
murensis. The male and female of Xenotachina also ap-
pear to have llve pairs. It is quite possible, however, that
some of these spiracles are nonfunctional (see Griffiths
t91 2\.

In summary, there is no convincing evidence fbr a close
relationship between the Eginiini and the Oestroidea or
Anthomyiidae, but there are several strong indications
that the group is related to certain Muscidae, particularly
to those of the subfamily Phaoniinae. Skidmore (1985)
treated it as one of ten separatc subfamilies that hc recog-
nized within the Muscidae.

Superfami ly Oestroidea

According to the International Code of Zoological
Nomenclature, (Ride, Sabrosky, et al. 1985), the oldest
family-group name included in a superfamily should be

used for the name of the superfamily. Accordingly, thc
name Oestroidea is used for the group of families that
have a vertically aligned row of bristles on the meron, i.e.
the Calliphoridae, Mystacinobiidae, Sarcophagidae,
Rhinophoridae, Tachinidae, and Ocstridae (Fig. I16.8).
Use of other names such as Calliphoroidea (Hennig 1958.

I 973) and Tachinoidea (Rohdendorf \977) for the same
group contravenes the code.

Autapomorphic characters in the ground plan of the
Oestroidea (synapomorphic characters of the included
iamilies) are as follows:

meron with a vertical row of bristles;
anepimeron with bristles;
laterotersite with hairs or setulae;
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- vein M, forwardly deflected, joining C bcfore wing
apex;
vein A, not attaining wing margin;and

- male terminalia without a hypandrial bridge, i.e. hy-
pandrium open behind basiphallus.

Some characters in the ground plan of the Oestroidea
are more plesiomorphic than they are in the ground plan
of the Muscoidea. In the male. sternite 10 is still incom-
pletely divided, i.e. discrete bacilliform sclerites are ab-
sent, e.g. in some Calliphoridae (especially in the An-
gioneurini) and in the Mystacinobiidae (but sternite l0 is
divided into discrete bacilliform sclerites within the Calli-
phoridae, and in the ground plan of most of the remaining
families of the Oestroidea). In addrtion, the anus of the
male is still situated between (not above) the cerci (Hen-
nig 1976a). In the female, abdominal spiraclc 7 is not
shifted forward to tergite 6 (but this migration has occur-
red repeatedly within the Oestroidea), and sternite 8 is
undivided.

The Oestroidea (Fig. 116.8) appears to consisl of two
monophyletic subgroups. The more generalized group
contains the Calliphoridae, Mystacinobiidae, and Sarco-
phagidae; the more specialized group contains thc Rhino-
phoridae, Tachinidae, and Oestridae. In the ground plan
of the first subgroup, the larvae retained a lilter appa-
ratus, but they became primarily coprophagous. This
habit probably involved changes in digestive enzymes and
physiology and is considered apotypic in rclation to the
plesiotypic saprophagous habits in the ground plan of the
Calyptratae (Roback I 95 I ). Various more highly evolved
clades within this subgroup have become sarcophagous
and parasitic (facultative and obligate), and in these cases
the filter apparatus was lost (Dowding 1967). In the
ground plan of the second group, the larvae are obligatc
parasites of animals and, in all cases, the filter apparatus
was lost. This development is clearly apotypic with re-
spect to the ground plans of the hrst subgroup and of the
Calyptratae. lmportant changes must have occurrcd in
the digestive systems of both subgroups. For instance, the
larval crop in the Calliphoridae is large and stalked (Dow-
ding I 967; Hennig 1973).

Calliphoridae. Almost certainly, Calliphoridae
(Shewell, Ch. 106) is the most generalized family of the
Oestroidea (Roback 1951), and, consequently, it is a key
family lor reaching an understanding of the evolution and
phylogeny of the remainder of the Calyptratae. lt is a

large and varied group, and many details required for a

synthesis of this kind are still unknown. A few excellent
analyses have been made, such as Hall's (1948) system-
atic treatmenl of Nearctic blowflies and Salzer's (1968)
study of the male terminalia of Calliphora erythroceph-
ala (Meigen), but much comparative work throughout
the family is still needed. Consequently, evolutionary pro-
posals made here should be regardcd as provisional.

Plesiomorphic characters in the ground plan of the Cal-
liphoridae include most of those features listed for the
ground plan of the Calyptratae, except for the changes
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considered as autapomorphies in the ground plan of the
Muscoidea * Oestroidea. The family appears to have
stemmed lrom an anthomyiid-like ancestor that acquired
a vertical row of setae on the meron, a cluster of in-
lrasquamal hairs on the laterotergite, a sharply bent vein
M, and a reduced vein A,. Like the Anthomyiidae, it had
hairs on the under surface of the scutellum, as in Op-
soderia Townsend and related genera, but thcse hairs
were not clustered near the apex of the scutellum and
crect as in the Anthomyiidae. Also, like the Anthomyi-
idae, abdominal spiracle 7 of the female was shifted for-
ward onto tergite 6; this adaptation appears to have oc-
curred independently several times in the Oestroidea.
Unlike the Anthomyiidae, sternite l0 of thc male re-
mained incompletely divided along the midlinc, as in most
if not all Angioneurini. ln the female, abdominal sternite
8 remained undivided as in the ground plan of the
Calyptratae.

Although subordinate groups within the Calliphoridae
are relatively well marked, the problem of establishing
the monophyly of the entire family presents the same dif-
ficulties as do other taxa throughout the order that are
characterized by relatively generalized conditions. A pau-
city of autapomorphic characters is characteristic in such
groups, and the Calliphoridae is no exception. Hence, the
possibility that the group is paraphyletic (Hennig 1973)
should be recognized.

The following characters are tentatively proposed
as autapomorphic ground-plan features ol the
Calliphoridae:

larval food habits coprophagous (and probably sar-
cophagous) involving changes in digestive enzymes
and physiology (Roback I 95 I );
first instar larvae without paired mandibles (Hennig
1913);

- dorsal cornu of larva without a window or cleft (Ro-
back l95l);
arista plumose;
intrapostocular setulae present (lost in Rhiniini, and
occasionally in Angioneurini and Onesia Robineau-
Desvoidy (Hall 194i3);
prosternum setulose (lost in Polleniini and
Angioneurini);

- thoracic spiracles large;
posterior thoracic spiracle occluded by one or a pair of
complex shutters (Crosskcy 1977);
lemale with abdominal spiracle 7 situated in tergite 6;

- female with abdominal tergites 7 and 8 divided;

- male with anal lobes present in perianal membrane
(Salzer I 968); and

- testes enveloped in fat body (Hori I 960).

Most authors divide the family into about five subfami-
lies (Hall 1948; Crosskey 1965; Hennig 1973; Shewell,
Ch. 106), i.e. the Mesembrinellinas, Rhiniinae,
Chrysomyiinae, Ameniinae, and Calliphorinae (including
the Polleniini). Guimdraes (1977) raised the Neotropical
subfamily Mesembrinellinae to family status, but this
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move has not been generally accepted. Rognes (1986)
transferred the genus Helicobosca Bezzi from the Sarco-
phagidae to the Calliphoridae where he assigned it to a
new subfamily, the Helicoboscinae.

Mystacinobiidae. The family Mystacinobiidae was
erected for a wingless New Zealand f1y, Mystacinobia
zelqnica Holloway (Holloway 1976a). Both adults and
larvae of this peculiar species live in the guano of an en-
demic, short-tailed bat, Mystacina tuberculato Gray,
which lives in colonies in hollow trunks of siant kauri trees
(Agathis australis). Holloway placed Ml zelanica in the
Acalyptratae, mainly on the basis ol its large ptilinum
and the shape and dehisccnce of the puparial cap; she rc-
ferred it to the Ephydroidea (as Drosophiloidea), based
on the following characters of the adult and immature
stages:

labella with seven pscudotracheae in cach labellar
lobe;
tarsal segments elongate;

- acropod truncate at apex, with well-developed ungui-
tractor plates;

- all tibiae with a preapical dorsal bristle;
fore tibia with cleaning brush;

- vibrissae present;

- proclinate fronto-orbital bristles present;
aedeagus short:

- base of first flagellomere broadly inserted into apex of
pedicel;

- pedicel with a longitudinal cleft;

- egg with respiratory horns;

- mature larva with elongate, multiporous, anterior
spiracles and tubular, contiguous, posterior spiracles;
and

- larvae with five pairs of anal papillae.

Although these characters agree ivith conditions found
in the Ephydroidea, none of them can be accepted as true
synapomorphies. Closer analysis of the characters of
M. zelanica show that its placement in the Ephydroidea,
and consequently in the Acalyptratae, cannot bc sus-
tained. The following combination of characters indicate
that it is, in fact, a member of the Calyptratae:

dorsal seam of pedicel complete;

- medioclinate frontal bristles arising medially to ori-
gins ofthe orbital bristles;
prestomal teeth present;
abdominal spiracles situated in margins of tergites;
male with abdominal sternite 5 bilobate. and with
sternite 6 lying above ir:

- hypandrial bridge absent, i.e. hypandrial arms not
fused behind aedeagus; and
surstyli closely linked with cerci.

All these characters are autapomorphic ground-plan
characters of the Calyptratac; none of them occur in the
ground plan ol the Acalyptratae.

Despite its highly modified adapration, M. zelanica
shows all the autapomorphic characters of the Oestroidea
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(listed earlier), with the exception of those relating to the
wings. The presence of a vertical row of bristles on the
meron is particularly significant, especially when consid-
ered in conjunction with all the other oestroid characters.

Within the Oestroidea, M. zelanica shows more affini-
ties with the Calliphoridae than with any other family
from the standpoints of'both biology and morphology. It is
unlikely to be closely related to the Sarcophagidae
because the female is oviparous, and it is unlikely to be
related to any of the parasitic families because the larvae
are coprophilous. The elongate ovipositor of the female,
with tergites 7 and 8 divided, and spiracle 7 situated in
tergite 6 is the same as in the Calliphoridae. In the male
terminalia, the relatively elongate aedeagus wilh a spicu-
lose distiphallus is similar to that in most Calliphoridae.
Also, sternite l0 is undivided as in primitive
Calliphoridae.

Because Mystacinobia Holloway has many autapo-
morphies in all stages (see Holloway 1976a) that set it
apart from all Calliphoridae and from all other families of
the Oestroidea, it seems best to treat it as a separate fam-
ily within the Oestroidea. It probably arose fiom the line
lcading to Calliphoridae, rather than from the line lead-
ing to the remainder of the Oestroidea. The possibility
that it is a sister group or subgroup of the Calliphoridae
and, therefore, a peculiar member of that family as re-
cently proposed by Griffiths (Griliths 1982), cannot be
definitely excluded.

Sarcophagidae. Compared with the Calliphoridae,
the Sarcophagidae comprise a relatively homogeneous
family. lt consists of two subfamilies, the more general-
ized Miltogramminae and its more specialized sister
group, the Sarcophaginae (W. L. Downes 1955, 1958;
Shervell, Ch. 108). As in the Calliphoridae, the ground-
plan nutritive habit for the family is coprophagous, with a

strong tendency toward sarcophagous habits. Besides
having entered the coprophagous and insect parasitism
zones, both these families have entered three new zones;
the sarcophagous, the facultative parasitism of animals,
and the obligate parasitism of animals (Roback 1951). In
a few aspects the Sarcophagidae are more generalized in
their ground plan than are the Calliphoridae. For exam-
ple, first-instar larvae have paired mandibles (single in
Calliphoridae), and mature larvae have retained a win-
dow (dorsal cleft) in the dorsal cornu (absent in Calli-
phoridae). Hennig (1913) indicated that the presence of
paired mandibles in the first-instar larvae is probably a

derived condition, but I agree with Downes (1955) that it
is a plesiomorphic condition retained in the Sarco-
phagidae (and in the Rhinophoridae and Oestridae). In
the female, abdominal tergites 7 and 8 are undivided (di-
vided in Calliphoridae, and abdominal spiracle 7 is situ-
ated in tergite 7 (Herting 1957) (moved forward to tergite
6 in all Calliphoridae). lt is true that, in parallelwith most
Calyptratae, abdominal spiracle 7 of the female is situ-
ated in tergite 6 in most Sarcophagidae. But the well-
developcd condition of tergite 7 containing spiracle 7, as

exists for example in species of Macronychla Rondani,
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provides convincing cvidence that this condition occurs ln
thc ground plan of the family (W L Downcs 1958).

Autapomorphic characters in the ground plan of the
Sarcophagidae, include thc following:

- all species larviparous;

- labral sclerite probably absent;

- prothoracic spiracular horn not protruding through
puparium (Downes I 955);

- posterior spiracles of mature larva and puparium
deeply recessed;
arista bare on at least apical half;
abdominal sternites without sensory sensilla (Downes
I e55);

- male accessory glands coiled (Hori I 967);
females with a series of adaptations for larvipositing;

- ovipositor short, genital opening large (Hori l96l );
- uterus expanded ventrally and posteriorly to form a

bilobed incubatory diverticulum;

- uterovaginal tube unusually wide (Hori l96l );
dorsal wall of genital chamber with sclerotized sigma
and accessory plates (Hori 1 96 I ); and
ovarian ducts and common oviduct peculiarly looped
(Hori l96l ).

These factors together indicate that the Sarcophagidae
may be thc sister group of the Calliphoridae + Mysta-
cinobiidae (Fig. I16.8). As stated by Roback (1951), "the
evidence seems to point to a development of the Sarco-
phagidae from a primitive calliphorid-like stock."

As indicated previously, the second more specialized
subgroup of the Oestroidea consists of the Rhinophoridae.
Tachninidae, and Oestridae. As far as is known. all sne-
cies of the group are obligate parasites of other animals.
This habit is presumed to be a primary, autapotypic adap-
tion ofthe subgroup (synapotypic character ofthe compo-
nent frrmilies). Other autapomorphic charactcrs in its
ground plan include the following:

larvae without a pharyngeal filter;
larval cephalopharyngeal skeleton without a
parastomal bar;
dorsal cornu without a window:

- puparium fully inflated, with both ends more or less
equally hemispherical; and

- subscutellum, more or less developed.

The following plesiomorphic characters, also present in
the ground plan of the calliphorid * sarcophagid sub-
group were retained in the ground plan of the rhinophorid
* oestrid subgroup:

- first larval instar with labrum (median labral tooth)
present;

- first larval instar with paired mandibles present;

- pupal respiratory horns penetrating puparium;
- oviparous rcproduction:

- ansta plumose;

- pleural sclerites (proepisternum, anepisternum, anep-
imeron, laterotergite and meron) setulose;
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abdominal sternites with sensory setulae present;
male with abdominal tergite 6 well dcveloped;

- female with abdominal tergites 6, 7, and 8 well
devcloped;

- abdominal spiracle 7 situated in tergite 7; and
abdominal sternite 8 undivided.

The rhinophorid * oestrid subgroup appears to consist
of two monophyletic sister groups, namely the Rhino-
phoridae + Tachinidae, and the Oestridae. All members
of the rhinophorid tachinid subgroup are obligate para-
sites of Arthropoda; all members of the oestrid subgroup
are obligate parasites of Mammalia. On this basis alone it
is obvious that the rhinophorid tachinid line is more gen-
eralized than its counterDart.

Rhinophoridae. Crosskey's (1977)excellent review
of the characteristics and classification of the Rhinoohor-
idae has greatly enhanced the knowledge of this family.
On the basis of his synthesis, the following ground-plan
autapomorphies can be accepted:

- obligate parasites of woodlice (terrestrial isopods);
first-instar larvae with specialized external adapta-
tions (integument warty, and with scales or tubercles
or pseudopod-like processes) ;

- Iabrum (median labral tooth) probably absent;

- mandibles of first-instar larvae short, deep and with
two or more teeth:

- pharyngeal sclerite of larvae with anterior end ex-
traordinarily long and slender;
adults with prosternum and laterotergites bare;

- lower calypter widely removed from scutellum; and

- abdominal spiracle 7 of female situated in membrane
between tergite 6 andl .

Important plesiomorphic characters in the ground plan
of the Rhinophoridae include the follorving:

- eggs deposited away from host;
larvae emerge from eggs that incubate outside of the
mother flies;

- first-instar larvae with two mandiblesl

- adult mouthparts fully developed;
arista plumose;

- prosternum bare;
subscutellum not, or very slightly, convexly swollen;
posterior thoracic spiracle subcircular, without dis-
tinct operculum, and margined with erect fringe of
nal rs;

- coxopleural stripe weli developed;
margins of abdominal tergite 2 overlapping margins
ofsternite 2:
male with sternite 5 bifid, with large, lateral lobes;

- sternite 6 well developed, free;
female with long, retractile ovipositor; and

- abdominal tergites 7 and 8 present and undivided.

As noted by Crosskey (1971), it is particularly signifi-
cant that the rhinophorids appear 1o have a uniquely dis-
tinctive biology, combining the obligatory parasitic habit
on an unusual host group with highly modified first-instar
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larvae emerging from eggs that incubate outside the
mother flies. Nothing quite comparable is known to occur
in any other group of flies. Because the first-instar larvae
have two mandibles (absent in Tachinidae) and because
the females lay unincubated eggs (usually incubated in
Tachinidae), both of which are plesiotypic conditions, it
seems reasonable to assume that Rhinophoridae is the
older sister group of the Tachinidae.

Tachinidae. Tachinidae is probably the largest, most
heterogeneous, and, therefore, most complex family ol
Diptera (Crosskey I 980). Paradoxically, the group is bio-
logically discrete. Larvae of all members are obligate par-
asites of other insects (Hexapoda) and related arthropods
(Myriopoda and Scorpionida). Moreover, thcy always kill
their hosts. The invasion of the insect parasite zone by the
entire family is clearly an apotypic adaptation. Other au-
tapomorphic characters in the ground plan of Tachinidae
are as follows:

eggs without dorsal "hatching seams," larvae Ieaving
eggs through softer ventral part of chorion (Hennig
t913);

- mandibles absent in first-instar larvae (Hcnnig 1973);

- labrum (median labral tooth) of first-instar larvae
strongly developed for penetrating cuticlc of host
(Hennig 1973); and
subscutellum of adult strongly and convexly
developed.

The females of Tachinidae are basically oviparous, as

in the ground plan of the Oestroidea, and even though the
vast majority retain their eggs in a distensible oviduct or
"ovisac" and deposit them openly in a fully incubated
condition, a few species, presumably the most generalized
ones, deposit unincubated eggs on the integument of the
host (Wood 1979). Thus, deposition of unincubated eggs
is the ground-plan condition of the family, as in the Rhin-
ophoridae. Other plesiomorphic conditions for Tachin-
idae and related families were discussed by Richter
( 1 980).

The taxonomy of the family is dilhcult and confused.
Various systems of classification proposed depend largely
on adult morphology and chaetotaxy, and on the points of
view of the classifiers. At present, there is no agreed ar-
rangement of subfamilies and tribes, but most specialists
recognize from 4 to 6 subfamilies and 50 or more tribes.
Wood (Ch. 110) provided references to the most useful
taxonomic works; he adopted a system of four subfami-
lies, namely the Tachininae, Goniinae, Phasiinae, and
Dexiinae, but the limits and components of each sublam-
ily are not yet fully settled.

The family Stackelbergomyiidae was erected by Roh-
dendorf (1948) for a single eremic species, Stac'kelbergo-
myia arenaria Rohdendorf. He placed it near the Rhino-
phoridae, but contrary to the implication of the title of his
paper, it is not known that the species is, in fact, parasitic
(Crosskey 191'l). A, recent study of type material by
Herting (Herting 1981) showed that it belongs to the
Tachinidae (Phasiinae, tribe Catherosiini).
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Oestridae. The family Oestridae, as defined in this
Manual (Wood, Ch. 107), is comprised of four distinctive
sublamilies, the Cuterebrinae, Gasterophilinae, Hypo-
dcrmatinae, and Oestrinae. Some or all of these subfami-
lies are frequently treated as separate families (Grunin
1964-1969 Zumpt 1 965; Hennig 1 973; Papavero 1917).
As stated by Wood (Ch. 107), "Phylogenetic studies have
led some recent workers to regard them as a single family
(Hennig 1952; Herting 1951; Downes 1958), or as three
families that are more closely related to one another than
to any other (Hennig 1973), hence monophyletic."

The most outstanding specialization of the family re-
lates to the larval food habits. i.e. the larvae of all Oestr-
idae are obligatory parasites of mammals. Other autapo-
morphic characters in the ground plan of the family in-
clude the following:

- first-instar larvae with one or two bands of spines on
each segment;

- mature larvae with integument heavily armed with
spines or platelets;

- adults with very stout bodies;
adults with bristles undifferentiated, bodies pilose to
densely long-haired:
antenna small;
mouthparts reduced;

- subcranial cavity reduced;
crop and alimentary tract reduced (Singh and Judd
r 966);

- rectal valve far removed from rectal sac (Singh and
Judd 1966);

- male with abdominal sternite 5 small, simple, without
deep apical cleft;

- tergite 6 combined with syntergosternite 1 + 8;

aedeagus short, distiphallus scarcely differentiated;

- female with abdominal spiracle 7 situated in or near
tergite 6; and

- sternite 8 partially to completely divided.

The phylogeny of the four sublamilies has not been re-
solved (Downes 1958), but Wood (Ch. 107) has provided
a sound basis for understanding the evolutionary patterns
involved.

SUMMARY AND CONCLUSIONS

The cladistic relationships of the 15 superfamilies and
higher categories of the infraorder Muscomorpha, as dis-
cussed in detail in the foregoing text, are summarized in
Fig. I16.9. The classification adopted for 82 families is

presented in Table 1 16.10.

Two main sections, the Aschiza and Schizophora, are
easily recognized. The more recent section, the Schiz-
ophora, is amply supported by autapomorphies (synapo-
morphies of the component subgroups), i.e. ptilinum, lu-
nule, and ptilinal fissure well developed. The older section,
the Aschiza, although readily defined on the basis of diag-
nostic (plesiomorphic) characters, is less strongly sup-
ported by autapomorphies. The most important of these
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Table 116.10

I I6 NEARCTIC DIPTERA

Classification of the Muscomorpha

Suborder Brachycera
Infraorder Muscomorpha ( : Cyclorrhapha)
Section Aschiza

Superfamily Platypezoidea
Family Platypezidae (incl . Opetiidae)
Family Lonchopteridae
Family Ironomyiidae
Family Sciadoceridae
Family Phoridae (incl . Termitoxeniidae)

Superfamily Syrphoidea
Family Syrphidae (incl . Microdontidae)
Family Pipunculidae

Section Schizophora
Subsection Acalyptratae
Subgroup I

Superfamily Nerioidea
Family Micropezidae (incl . Calobatidae,
Taeniapteridae, and Tylidae)
Family Neriidae
Family Cypselosomatidae (incl. Pseudopomyzidae)

Superfamily Diopsoidea
Family Tanypezidae
Family Strongylophthalmyiidae
Family Psilidae
Family Somatiidae
Family Nothybidae
Family Megamerinidae
Family Syringogastridae
Family Diopsidae (incl . Centriocidae)

Superfamily Conopoidea
Family Conopidac (incl. Stylogasteridae)

Superfa mily Tephritoidea
Family Lonchaeidae
Family Otitidae (incl . Euxestidae, Pterocallidae,
and Ulidiidae)
Family Platystomatidae
Family Tephritidae
Family Pyrgotidae
Family Tachiniscidae
Family Richardiidae
Family Pallopteridae (incl. Eurygnathomyiidae)
Family Piophilidae (incl . Neottiophilidae and
Thyreophoridae)

Subgroup 2

Subgroup 2. I
Superfamily Lauxanioidea

Family Lauxaniidae
Family Eurychoromyiidae
Family Celyphidae
Family Chamaemyiidae (incl . Cremifaniidae)

Superfamily Sciomyzoidea
Family Coelopidae
Family Dryomyzidae (incl . Helcomyzidae)
Family Helosciomyzidae
Family Sciomyzidae (incl . Phaeomyiidae)
Family Ropalomeridae
Family Sepsidae

Subgroup 2.2
Subgroup 2.2. I
Superfamily Opomyzoidea

Suprafamily C lusioinca
Family Clusiidae
Family Acartophthalmidae

(concluded)

Suprafamily Agromyzoinea
Family Odiniidae
Family Agromyzidae
Family Fergusoninidae

Supraiamily Opomyzoinea
Family Opomyzidae
Family Anthomyzidae

Suprafamily Asteioinea
Family Aulacigastridae (incl. Stenomicridae)
Family Periscelididae
Family Neurochaetidae
Family Teratomyzidae
Family Xenasteiidae ( : Tunisimyiidae)
Family Asteiidae

Superfamily Carnoidea
Family Australimyzidae
Family Braulidae
Family Carnidae
Family Tethinidae
Family Canacidae
Family Milichiidae
Family Risidae
Family Cryptochetidae
Family Chloropidae (incl . Mindidae and
Siphonellopsidae)

Subgroup 2.2.2
Superfamily Sphaeroceroidea

Family Heleomyzidae (incl . Borboropsidae,
Chiropteromyzidae, Cnemospathidae,
Heteromyzidae, Notomyzidae, Rhinotoridae,
and Trixoscelididae)

Family Mormotomyiidae
Family Chyromyidae
Family Sphaeroceridae

Superfamily Ephydroidea
Family Curtonotidae
Family Camillidae
Family Drosophilidae
Family Diastatidae (incl . Campichoetidae)
Family Ephydridae

Subsection Calyptratae
Superfamily Hoppoboscoidea

Family Glossinidae
Family Hippoboscidae
Family Streblidae
Family Nycteribiidae

Superfamily Muscoidea
Family Scathophagidae
Family Anthomyiidae
Family Fanniidae
Family Muscidae (incl . Eginiidae)

Superfamily Oestroidea
Family Calliphoridae (incl. Mesembrinellidae)
Family Mystacinobiidae
Family Sarcophagidae
Famity Rhinophoridae
Family Tachinidae (incl. Stackelbergomviidae)
Family Oestridae (incl . Cuterebridae,

Gasterophilidae, and Hypodermatidae)

(Total 82 families)
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are the fusion of the hypopharyngeal and tentoropharyn-
geal sclerites in the larva, and the enlarged pupal respira-
tory horns. Paradoxically, the pupal spiracular horns wcre
apparently lost in one of the oldest members, the
Platypezidae.

A good case can be made for recognizing only two
monophyletic superfamilies within the Aschiza, namely
thc Platypezoidea containing five familics and the
Syrphoidea with two families (Fig. 1 16.1, Table I 16.9).

Two main subsections are seDarable in the Schiz-
ophora, the Acalyptratae and Calyptrltae. The mono-
phyly of the Acalyptratae is supported by relatively few
autapomorphies, i.e. reduced pupal respiratory horns, di-
choptic condition of the male hcad, fusion of two of three
spermathecal ducts so that only two ducts enter directly
into the oviduct, and development ol a ventral receptacle.
The monophyly of the Calyptratae is well supported by
many autapomorphic conditions including vibrissae de-
veloped, dorsai cleft of pedicel stabilized, prestomal teeth
developed, greater ampulla stabilized, humeral and sub-
costal breaks stabilized, male sternite 5 with two posterior
lobes, and so on (Figs. I 16.1, 9).

Within the Acalyptratae, at least 10 superfamilies
comprising two main subgroups seem justifiable
(Fig. I 16.9). In the ground plan of subgroup 1

(Figs. I16.2 3), which consists of the Nerioidea (three
families), Diopsoidea (eight families), Conopoidea (one
family), and Tephritoidea (nine families), abdominal seg-
ment 7 of the female is specialized to form a more or less
bulbous oviscape, and in the male, the aedeagus is rather
clongate, flexible, and tending to be looped or coiled. In
subgroup 2 (Figs. 116.4-1), which consists of the Scio-
myzoidea (six families), Lauxanioidea (four families),
Opomyzoidea (13 families), Carnoidea (nine families),
Sphaeroceroidea (four families), and Ephydroidea (five
families), sternite 6 of the male is reduced. Further sub-
groupings are evident within subgroups I and 2.

Autapomorphies of subgroup 1 .l (Nerioidea * Diops-
oidea) include a slenderized form, the approximated con-
dition of Sc and R,, loss of the pterostigma, and a reduced
Ar. Autapomorphies in the ground plan of subgroup 1.2
(Conopidae + Tephritoidea) include the development of
a piercing-type ovipositor in the female and the reduction
and loss of tergites 6 and 8 in the male.

Autapomorphies in the ground plan of subgroup 2.1
(Sciomyzoidea * Lauxanioidea) include a reduced num-
ber of fronto-orbital setae and the development of preapi-
cal dorsal tibial setae. Autapomorphics of subgroup 2.2
(Opomyzoidea and Carnoidea * Sphaeroccroidea and
Ephydroidea) include the development and relativc stabi-
lization of vibrissal setae, the stabilization of a subcostal
break in C, and the loss of male tergite 8. Subgroup 2.2
appears to be composed of two clades, subgroup 2.2.1
(Opomyzoidea + Carnoidea) and subgroup 2.2.2
(Sphaeroceroidea * Ephydroidea). Autapomorphies of
subgroup 2.2.1 are the reduction of spermathecae to two
and the loss of setulae on the metasterna L area. The status
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of both these conditions is somewhat equivocal, because
cxceptions (possible pseudoplesiomorphic conditions)
occur in rare cases in one suprafamily (Asteioinea) of one
superfamily (Opomyzoidea). Autapomorphies of sub-
group 2.2.2 (Sphaeroceroidea * Ephydroidea) include
the development of convergent postocellar setae; the ap-
pearance of preapical dorsal tibial setae (as in subgroup
2. l, Sciomyzoidea * Lauxanioidea); a bare R,; a bare
metasternal area (as in subgroup 2.2.1, Opomyzoidca *
Carnoidea);and a reduced tergite 6 in the male.

Only three superfamilies (Hippoboscoidea, Muscoidea,
and Oestroidea) seem justifiable within the Calyptratae
(Fig. 116.8). The Hippoboscoidea (four families) is the
oldest group, and its sister group is the Muscoidea (four
families) * Oestroidea (six families). Autapomorphic or
autapotypic conditions of the Hippoboscoidea includs the
loss ol a filter apparatus in thc larvae, the development of
adenotrophic viviparity, and the acquiring of vertebrate
blood-feeding habits and adaptations by the adults. Au-
tapomorphic characters of the Muscoidea + Oestroidea
include the reduction of sternitc 6 and the develooment of
a very close connection between the cerci and surstyli in
the males, and special modifications of segments 6 and 7
(fully retractile) and the development of lingulae in the
females.

This study began with an a priori working hypothesis
that the traditional suprafamilial categories and higher
groupings of the infraorder, founded by classical workers
and accepted by most systematists of the Diptcra, are in
fact monophyletic clades.

I conclude that this hypothesis has been strengthened
to some degree by supportive autapomorphies advanced
for each clade. The ease with which manv smaller less
well-known taxa have fitted into this generil scheme has
been rather satisfying. The classification adopted (Table
I 16.9), which is consistent with the cvolutionary pattern
outlined, is suprisingly simple and appears to provide a
practical systematic framework for the Muscomorpha.

However, I realize that my conclusions are really only
opinions or judgements supported by a degree of evidence
that renders some of them probable at best, whereas oth-
ers still remain questionable. This basic limitation, com-
mon to all life sciences, is a humbling lactor, but it should
not detcr us from continuing our endeavours to under-
stand the cvolutionary patterns before us.

To me, biological evolulion, including the evolution of
the Muscomorpha, is but one aspect of the mystery of cre-
ation as a whole. As a hnal note, I wish to acknowledge
the Divine Author of all in the words of St. Paur:

Hctw great are God's riches! How deep ere his wis-
dom and knowledge! How impossible to explain
his decisions or to understand his methods! As
Scripture says, "Who could ever know the nind of
the Lord"? Who could ever be his counselor? ...
For all things were created by him, and all things
exist through him and for him. To him be the
glory forever! Amen. IRomans, Ch. I 1:33-36]
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CORRECTIONS AND ADDENDA TO VOLUMES 1 AND 2

Volume 1

Chapter 4. Key to Families-Adults
p. I 0I, couplet 53b After "prong" insert "often"
p. 109,line6 Insert"(continuedonp. 11a)"
p. I 15, couplet 99b After "fewer" insert "more"

Volume 2
Authors. p. i The foliowing two authors were inadvert-

edly omitted:
Kenneth G. V. Smith, M.l.Biol., F.Z.S., F.R.E.S.

Department of Entomology, British Museum (Natural
History), Cromwell Road, London SW7 5BD, England

K. A. Spencer, B.A., DSc.
Exwell Farm, Bray Shop, Callington PL17 8QJ, Corn-
wall, England

Chapter 50. Platypezidae
p.683, couplet 7a Insert parentheses around "Loew"

Chapter 52. Syrphidae
p. 731, couplet 101a Insert parentheses around

" Fall6n"

Chapter 66. Tephritidae
p.828, couplet 450 Change "52" to "50"
p. 837, references, col. 2, line 8 Change "E,. P. Van-

zolini" to "P. E,. Vanzolini"

Chapter 67. Richardiidae
p.834, couplet la Epiplateinae is a new sublamily

Chapter 68. Pallopteridae
p. 842, couplet 2a Insert parentheses around

"Johnson"

Chapter 73. Agromyzidae
p. 817, couplet l2a Insert parentheses around

"Meigen"
p.8ll, couplet 14a After "galliivore" inserl parenthe-

ses around "Spencer"
p. 877, couplet l4b Change "obscura Spencer and

Stagmaier" to " obs cu ra Spencer"
p.877, couplet 16b Change "pleuralis Melander" to

" pleuralis (Malloch)"
p. 81'l , couplet 1l cl Insert parentheses around

"Meigen"
p. 811, couplet 11b Insert parentheses around

"Zetterstedt"

Chapter 77. Periscelididae
p. 898, col. 2, line 3 Change "Periscelidea" to

" Periscelididea"

Chapter 80. Carnidae
p. 910, couplet I a Change "Fig. 2" to "Fig. .3"

Chapter 84. Sciomyzidae
p. 934, couplet 20a Insert parentheses around

"Walker"

Chapter 85. Ropalomeridae
p.941 , caption to Fig. 85.1 Change "Ropo'lomera" to

" Ropalomera"

Chapter 87. Lauxaniidae
p. 953, col. 2, lines I 2 Subfamily, Homorreurini was

first used by Frey (1941, Ennumeratio Insectorum Fen-
niae pt.6 (Diptera), p.23), not Stuckenberg (1971)

p.964, couplet 28b Change "(Figs. 32-38)" to "(as in
Figs.32 38)"

Chapter 90. Trixoscelididae
p. 982, col. 1, paragraph 2, line 15 Change " Psiloplo-

gia" to"Psiloplagia"

Chapter 99. Chloropidae
p. 1065, couplet 48b Change "(Fig. 30)" to "(as in Fig.

30)"

Chapter 101. Tethinidae
p. 1075, couplet 2a The binomen Masoniell't richardsi

Vockeroth is a nomen nudum

Chapter 105. Muscidae
p. 1126, couplet 41a Change "Neodexiopsis Malloch"

to " Coenosi a (N eodexiopsis Malloch) "

Chapter 106. Calliphoridae
p. I 136, couplet 1q Change "Chrysom'yiinae" to

"Chrysomyinae"

Chapter 107. Oestridae
p. 1 I 50, col. 1, paragraph 2, lines 7 8 Inserl. parenthe-

ses around "Linnaeus .1r."
p.1152,col.2,line22 Change "hve" to "have"

Chapter 108. Sarcophagidae
p. 1168, couplet l5a l,leosarcophaga Shewell is a no-

men nudum
p. 1 181, couplet 69a Change " Erythcrndra" to

" Erythrandra"

Chapter 110. Tachinidae
p.l220, footnote 36 Change "Polidiini" to ".Polideini"
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Chapter 1 13. Streblidae
p. 1297 , col. 2, line 2 After "Wenzel" insert "in

Wenzel"

Corrections and Addenda to Volume I
p. 1 305, col. l, line 27 Change "Pelechorhynchidae" to

" Pelecorhynchidae"

Index
p. 1308, col. i Change "abominalis" ro"abdominalis"
p, 1311, col. I Change "Braula Nitzch" to "Braula

Nitzsch"

CORRECTIONS AND ADDENDA TO VOLUMES I AND 2

p. 131 8, col. 1 Change " Hinei" to "hinei"

p. 1322, col. 1 Change "myopaeformis Roder" to
"myopaeformis Rdder"

p. 1326, col. 1 Change "Polidiini" to "Polide ini"

p. 1327, col. I Change "Psiloplogia" to "Psiloplagia"

p. 1330, col. 1 Afler "sylvosas (Williston)" insert pa-

rentheses around " G Y roconoPs"

p. 1330, col. 2 Change "Rohacek" to "RohaCek"

p. 1330, col. 2 After tertiariae Hennig change "Acar-
t o p ht h e I mit e s" Io " Ac art o p ht hal mit e s"



IN DEX

This composite index is restricted to the taxonomic
names and morphological terms associated with Diptera
that appear in Volumes l, 2, and 3 of the Manual. Similar
names and terms for plants and animals other than Dip-
tera are excluded. Bibliographic references are not
indexed.

Accepted taxonomic names for all categories (subor-
ders, infraorders, superfamilies, families, subfamilies,
tribes, genera, subgenera, species, and subspecies) are
given in Roman type; synonyms are in italics. Every such
citation throughout the Manual is listed. Author's names
are provided for genera and species. Species are followed
in parentheses by the names of the genera to which they
are assigned. Subgeneric names are indexed in the same
way as generic names; subspecies are indexed in the samc
way as species. Boldface page numbers indicate chapter
subjects or designate where taxa appear in keys to genera;

italicized numbers indicate the location of illur;trations of
these taxa.

Preferred morphological terms for adults and larvae
are given in Roman type; synonyms arc in italics. The plu-
ral spelling follows the singular if it is formed irregularly.
Terms that apply only to larvae are dcsignated by a capi-
tal "L" in parentheries. For practical reasons, ltage refer-
ences provided for each morphological term are restricted
to those places in the text where thc term is first men-
tioned, where an explanation of its usage is given, or
where its relationship is explained. Most of thes,c citations
occur in Chapters 2 and 3. Boldface page numbers indi-
cate principal discussions of the terms. Itali(:ized page
numbers indicate lor;ations of illustrations of the morpho-
logical fcatures involved. Terms enclosed in single quotes
are accepted for use: in certain families but are nor mor-
phologically correct.
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A 29, 30
Ar J0, 3l
L2 30,3l
Abapa Dodge 11'71, I 177
Abaristophora Schmitz 16, 690, 693, 694, 701
abbrcviata (Loew) (Cerianlr^) 7 21, 7 27
abdita (Peterson) (Greniera) 366,310, J87. 38u
abdomen 9, 37
abdominal gland 37

abdominal segmsnts, number of (L) 77

abdominal spiracle 37
abdominal spiracle (L) 83
abdominalis (Becker) (Malloervia) 1 058
abdominalis (Say) (Holcocephala) 560
abdominalis (Say) (Stenopogon) 565
abdominalis (Say) (Tipula) 164
abdominalis (Williston) (Pseudohecamede) I 014
abdominalis Loew (Xylophagus) 95, / /8. I I 9, 189. 49 I
aberrans (Malloch) (Earomyia) 292
aberrans Spencer (Ophiomyia) 872
Abiskomyia Edwards 426, 430, 4 3 2, 447
abitus Adams (Zodion) 750
Ablabesmyia Johannscn 130. 134, 135, 450. 45 I
Ablautus Loew 550, 554, 561
abrupta (Wiedemann) (Hystricia) 124J
Acadia Vockeroth 240
Acalcarella Shilova 438
Acalyptcrae 1424
Acalyptrata 1.184

Acalyptratae 3, 90, l0l, 917, 1402. 1104. 1424 26, 1'128 30.

1437, 1438, 1143, 1415, 1146,1448 s0. 1456. 1.157, 14s9,
1410 12, 1474, 1411, 1478, 1480, 14tt5. l,+86. 1491. 1492,
I 504, l 505

Acalyptratae 1425
Acanthocnema Beckcr 1091, 1093
Acanthodotheca Townsend I I7 l,1113, I 177
Acantholeria Garrelt 979
Acantholespesia Wood 1211, 125J
acanthophorite 44

INDEX

Acroccridire 2. 12.29.36, 58, 9E. I 29. 575. 577. 5u0, 582. I 373,
1383, 1384, 1386. 1413. l'114

Acroglossa Williston I 203

Acromctopia Schrncr I 449
acron 9

Acronarista Torvnscnd I 220
Acronarislopsis Torvnsend I 263
Acronesia tlrll I I 39, 1111
r\crophaga Brnucr & Bcrgenstamm 1136, | 137, | 139, | 141'1144
Acrophagini 1135. ll36
acrophrLllus 5,1

acropod 36
Acropsiius Mik 626
Acroptera 679, 1119, 1422
Acrosathe Irwin & Lyncborg 516,519
acrosternite l0
acrostichal suture 25

Acrosticta [-ocw 800, 801, 806
Acrostilpna Ringdahl I 107, 1109,1111' 1112' lll3
ncrotacnia Loew 824, 829
acrotergitc l0
Actonoptera Czernl- 109,115,816' u17' 851' 1443

Actia Robincau-Dcsvoidy l 238, 1239. I 24 I
At t r tt Robi nea u- De stoi d 1 1239

Actina Nlcigen 500. -t02. 509
actinobola (Loerv) (Truparrea) 82J
acton Coquillett (Rhaphiomidas) 42,95. 545' 546. 547
aculeata (r\ldrich) (Acridiophaga) /122
acuta (Adams) (t-itolinga) J15
acutangulus (Thomson) (Euarestoides) 824
adarnsi (Brues) (Stichillus) 690, 693
adanal lobe (L) 79
adaptatus Schlingcr (Ogcodcs) 576' 578. 579, 5U I
Adejeania Torvnsend | 194, I 2J2, 1214
adcla Pritchard (Polyardis) 220
adersi Pomeroy (Siniulium) 359

adlinis (Crcsson) (Trimerinoides) 1036

adhesa (Felt) (Camptoneuromyia) 258' 259

Adia Robincau-Dcsvoid.v I 106, 1 108

Adicroneura Vockcroth 23 l. 238
.4.didocidia Laltovka & Matile 235
Adiplosis Felt 287
adminiculunt 45
Adrr.ront ja Brauer & Bcrgenstamrn 1198, I 216, 1228, I 243

adonis Osten Sackcn (Astrophanes) 600
Adoxomyia Kert6sz 18, 499, 505, 506, 507, 't08' -s09

adusta (Loew) (Amcricina) 1093

adusta Osten Sacken (Limnophila) 167

adventitious suture 37
Accothea Haliday 975. 978
aedcagal apodeme 53, 54

aedcagal guide 45. 51, 53

aedeagal sheath 45. 53, 54

aedeagal tine 53
aedcagus 37, 45, 5 l, 53, 55

AcdeJMeigen 20. 21, 47. 106. 34 I, 342' 343, 344' 345,346' 349'
t36l

Aedimorphus Thcobald 312. 315
Aegialoml,-ia PhiliP 412, 47 5

acgypti (Linnacus) (Aedes) 344, 315
aegyptia Macquart (Eucampsipoda) I 288

aelops (Walker) (Beskia) 1229, 1262
aenea (Fabricius) (Physiphora) 802
aeneipes (de Meijcre) (Decachaetophora) 947' 948, 949
acneus (Scopoli) (ErisLalinus) 7 30, 7 33' 141
acnigma Cresson (NotiPhila) 1040

Acnigmatias Mcinert 12J, 689, 696,697' 705
Aenigmatiinae 696
Aenigmatomyia Malloch 842
aequalis (Locw) (Euaresta) 8 23, 827
aequalis Loew (Doros) 721

acqtrifrons (Stcin) (Lispoides) | 123,1126
aeria Saunders (ForciPomYia) 402

I 433,
I 460.
I 500.

Acartophthalmidae 3, I 12, I 14, 125.857.859. l:15'1. l'156, l'+57.
1469,1412, 1171. 1504

Acartophthalmrtes Hennig 857, 861, 1457
Acartophthalmus Czcrny I I 2, 859,860, 86 1. I 456. I 457
acccssory gland 38
accessory mandibular sclerite (L) 72
accessory oral sclerite (L) 76
Acelyphus Malloch 1447
Acemya Robineau-Dcsvoidy 1266
Acemyiini I 198

acephalic head capsulc (L) 65
acerba (Walker) (Ravinia) 1120
Acerocnema Becker 1089, 1093
Achaetella Malloch 1090, 109 I
Achactorisa Papp 1175, 1476
Achalcus Loew 631, 636,637
Achradocera Becker 632
Acicephala Coquillett 1 089, 1090
aciculata (Loew) (Cressonomyia) 1032
Acidogona Loerv 826
Acinia Robineau-Desvoidy 82 3, 829
Aciurina Curran 82J, 828
Aciurinae I 441

Aclctoxenus von Frauenfeld l0l2
Acncmia Winnertz 226, 231
Acoenonia Pritchard 260, 261
Acoenoniini 261
Acomoptera Vockeroth 228, 2 32, 239
Acontistoptera Brues 12J, 693, 698, 700, 707, 710
Acricotopus Kieffer 429, 415
Acridiophaga Townsend I 172, ll'14, I 177
Acridomyia Stackelberg 10J, 105, 132,7700, I 105
acrirostris Townsend (Ginglymia) 12J2
Acrocera Meigen 526, -t28, 580_82, 583
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aestiva (Meigen) (Paregle) I 106
aestiva Felt (Camptomyia) 226
aestivus Melander (Bibiodes) 220
aestuans (Linnaeus) (Efferia) J-t8, 570
aethiops Malloch (Milichia) 908
alinis Johnson (Chaetoclusia) 857
affinis Reinhard (Paradidyma) 1209
africana Malloch (Tachiniscidia) I 442
africanus Brauer (Pharyngobolus) I I 52
africanus E,dwards (Olbiogaster) J09
Afrocclyphus Vanschuytbroeck 1 447
Afrodinia Cogan 866
Afrolimnophila Alexander 174
agarici (Willard) (Plcsioclythia) 1 I I,681.684, 1401, 1406
Agathomyia Verrall 682, 683,684,68J, 686
Agathon Rcider 191, 194, 1 95, 1 96, 197
agcns Cresson (Polytrichophora) 1031
agilis (Meigen) (Bellardia) 1135, I I 37, I l4l , l 142, 1 143
Agkistrocerus Philip 465, 467,472
Aglaomyia Vockeroth 2 32, 239
Agnota Becker 1462
Agria Robineau-Desvoidy 1181, 1 18J
Agromyza Falltn I 10, 869, 870, 81 1, 872, 874, 87 5, 876
Agromyzidae 3, 35, 37, 44, 54, 83,89, 1 10, 115, 122, 130, 131, 866,

869, 1072, t424, t438, t448,1454, 1458 60, t477, 1484, 1501
agromyzina (Hendel) (Aldrichiomyza) 905, 906
agromyzina Hennig (Shewellia) I 458
Agromyzinae 870, 871, 812,1459
Agromyzoidea 87 I

Agromyzoinea 871, 1454, 1456-58. 1460, 1462, 1504
Akorhexoza Cook 3 16, 319
Akronia Hine 503
alaskense Cresson (Philotelma) 1037, 1045
alaskensis (Coquillett) (Paraclunio) 430. 43 l, 452, 453
alaskensis Chillcott (Litoleptis) 484, 485
Alaskophyto Townsend 1 258
alba Tokunaga (Nymphomyia) 206, 1345
albarius Painter (Geron) 594,567
albertae Kevan & Cutten-Ali-Khan (Orcadomyia) 12, 122. 123, 444,

419
albibarba (Loew) (Acanthocnema) I 09 I
albibasis (Malloch) (Mallochohelea) 416
albicans (Fall6n) (Cyzenis) 1238
albicans (Meigen) (Hecamede) 1 032, 1038
albidosa Huckett (Eremomyia) 1 I 13
albifacies (Townsend) (Oswaldia) 1245
albifrons (Zetterstedt) (Limnospila) I I 19,1126
albimanus (Meigen) (Clusiodes) 1 10, 855
albimanus (Meigen) (Paratendipes) 4J9
albimanus Wiedemann (Anopheles) 342, 341, 347
albimanus Wirth (Systenus) 628, 629
albipennis Meigen (Agromyza) 869, 874, 876
albipilosa Curran (Cerotainia) 552
albipilosa Hardy (Belosta) 527
albirostris Macquart (Nemotelus) 49B
albistylum Johnson (Berkshiria) 18, 499,503, 508, 509
albistylum Macquart (E,ctecephala) 1 053, 1 056
albiventris Johnson (Ogcodes) 1 8, 579, JB/, 583
albomacula Curran (Cyrtona) 1009
albomanicata (Alexander) (Limnophila) I 72
albovittata Malloch (Oxycera) 499
alcathoe (Walker) (Hylemya) lZ, 13, | 18, 119. I 101
alcedo (Loew) (Chrysotachina) 1237
alcis (Snow) (Haematobosca) I I 18, 1119
aldrichi (Curran) (Anoxynops) 1 216, 1228, I 237
aldrichi (Malloch) (Scathophaga) I 089
aldrichi (Mesnil) (lstocheta) 1 209, 1 2 19, 1221
aldrichi (Parker) (Arachnidomyia) II59,1162. l164, I166. I167,

t r70, 1 176, I 184
aldrichi (Townsend) (Phasia) 1217
aldrichi Parker (Sarcophaga) 117
aldrichi Sturtevant & Wheeler (Callinapaea) 1040
aldrichi Wheeler (Aphaniosoma) 985, 986, 988

Aldrichia Coquillett 59.?, 593
aldrichii Stein (Pentacr cia) I 125

aldrichii Sturtevant (Chrymomyza) 141

aldrichii Wheeler (Medetcra) 621, 628, 629, 630, 636, 637
Aldrichina Townsend 1 144

Af drichiomyza Hendel ')03, 904, 905, 906, 1414. 1416
alea Lalloon (Mycetophila) 22J
alcxanderi (Dahl) (Trichocera) 303
alexandcri Peters (Dixella) 331

Alexandriaria GarreLt I 66, 167 , 178
alicia (Alcxander) (Che,ilotrichia) I 76
aliena Malloch (Beckerina) 702
alienum (Bccker) (Oscinisoma) 1 054, 1055, 1056
Allanthalia Mclander 100, 101, 619,619
Allarete Pritchard 266
Allenanicia Townsend / 180, 1185
allioides (Pritchard) (E,lestochilus) 280
Alliopsis Schnabl & Dzicdzicki ll08
Allobosca Speiser I 273
Allocotocera Mik 230, :!38
Allodia Winncrtz 233, 

"1'41AJlodiopsis Tuomikosi ll41
Allognosta Osten Sacken 500, 508, 509, I 377
Af lognota Pokorny I 12.), ll25
Allograpta Osten Sacken 1 18, 720, 722, 7 30
Alloleptis Nagatomi & Saigusa 1379
Allolimosina Rohddek I 004
Allomethus Hardy 748
Allometopon Kcrt6sz 8li4
Allomyella Malloch 1086, 1095
Allophoroccra Hendel 1 198, 1215
Allophyla Locw 975, 9i'7
Allopiophila Hendcl 845, 811 , 848,852
Allotrichoma Becker I (r28, 1037 , 1038
Alluaudomyia Kieffer 404, 405, 406, 409
alma (Meigen) (Caricei) /119
almquisti Holmgren (Spilogona) 112J
Alophorella Townsend 1258

Alotanypus Roback 434
alphaseta 31

alternata (Fclt) (Resseliclla) 27 6

alternatus (Say) (Sylvi<:ola) J05, 310
alticola James (Odontomyia) 1403
alula 29
alular incision 29
alular lobe 33

alunulata Hcndel (Agromyza) 870
alvcofrons McAlpine (I)asiops) 109, 792, 793, 794
alveolus, alveoli l0
Alycaulina 279
alypiae Sellers (Sisyropa) 1243
amalopis group (Metasyrphus) 722
amans (Cresson) (NeoSlimnomera) 1093

Amauromyza Hendel 870, 81 2, 874, 877
ambiguum (Loerv) (Dic:tyacium) I 9, 9 30
Amblycoryphencs Townsend 1173
ambulatory comb (L) 82
ambttlatory ridge (L) 80
Ameniinae 1499
americana (Curran) (Bezzimyia) I 263
americana (Leach) (lcosta) /20, 121. 1275, 1 276, 1 278
americana (Wiedemann) (Homoneura) 96 l. 963
americana (Wredemann) (Xylomya) 1/8, I 19, 493, 194
americana Bczzi (Thaumalea) 17,93, J51, J5J
americana Felt (Miastor) 260
americana Felt (Odont,rdiplosis) 276
amcricana Fitch (Mercmyza) 1050, l06l
amcricana Hardy (Leptoptcromyia) 555, J56
americana Hardy (Plecia) 9/,220
zrmericana Kincaid (Clytocerus) 299
americana Loew (Arth:ope'a.s) 1 07, 49 1

americana McAlpine (llhaetolonchaca) 792, 796
americana Melander (l'hl,llodrornia) 6l 2

| 523
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amgricana Needham (Dolichopeza) 16l
americana Osten Sacken (Haematopota) 467, 169
americana Reinhard (Dufouria) I 230, 1)62
americana Steyskal (Colobaea) 929, 930,93 I ,931
americanum Cresson (Clanoncurum) 1033. 1040
americanus (Curran) (Orrhodops) 556,562, 565
americanus (Johannsen) (Chaoborus) 93. 335. 337, 338
americanus (Wiedcmann) (Eupcodes) /J0
americanus Borgmeier (Chonocephalus) 698
americanus Forster (Tabanus) 10, J0, 31, 466, 469
americanus Melander (Platypygus) 596
americanus Peterson & Ross (Paratrichobius) 1293,\298
Americina Malloch 1093, 1096
Ametadoria Townsend I 209, l2l5
Ametrodiplosis Ri.ibsaamen 288
Amiota Locw 53, 1012, 1016, 1017, 1487, 1489. 1490
ammobata Irwin (Schlingeria) 522
Ammonaios Irwin & Lyneborg 519
Amobia Robineau-Desvoidy I 161, I 179, ll8l, I 183
Amoebalcria Garrett 976, 977,979
amoena (Loew) (Chymomyza) I10, 1013
ampelus (Walker) (Panz.eria) 1227
Amphicnephes Locw 810, 811
Amphicosmus Coquillett 590, 592
Amphidysis D. K. McAlpine 1.185

Amphineurus Skuse 58
amphipneustic spiracular system (L) 83
Amphipogon Wahlberg 35, 845, 816, 841.848, 852. 1113
ampulla, ampullae; greater 28
ampulla, ampullae; lesser 28
Amputclla Marshall 1004
Amygdalops Lamb 890, 1461r, 1462
Anacamptomyiini 1 198

Anacanthaspis Rctder I 375
Anacimas Enderlein 465, 167, 411, 472
Anaclileia Winnertz 230, 238
Anagnota Becker 890
anal cell 33

anal cell, true 33
anal lobe 29, 33

anal papilla, papillae (L) 81,86
anaL segment 37

anal vein 28,29
analis (Wulp) (Chaetogacdia) 1205
analis Kirby (Arthria) 315,317
Anapausis Enderlcin 314, 3I'7,318
anapleural suture 26, 27
anapleuron 27
Anaporia Townsend 1262
Anaretc Haliday 259,264, 265,266, 268, 270. 1365
Anaretella Enderlein 264, 265,266
Anarista Papp 1467, 14613

Anasimyia Schiner 7J5, 738
Anastoechus Ostcn Sacken 591, 592,593
anastomosis, anastomoses; of trachea (L) 82
anastomosis, of trachea; cervical (L) 82
anastomosis, of trachea; midvcntral (L) 82
Anastomyza Malloch 992, 1482
Anastrebla Wenzel 1297
Anastrepha Schiner 820, 821,822
Anatella Winncrtz 228, 233,241
anatergitc 26
anatomical divisions and parts //
anatomical planes 10

Anatria 1422
Anatriata 1419
Anatriata 1422
anaxias (Walker) (Peleteria) 1219
Anaxylophagus Malloch 490
anchincuria Speiser (Ornithomyt) 117,118, I 19. 1271,1276
Ancylodiplosis Gagn6 282
Andrcnosoma Rondani 551, 555, 5J8, 570
andrium 54

INDEX

Androeuryops tscn*vay I l9E
androgvncs (Fclt) (Tanaodiplosis) 281
Androprosopa Mik 352
anepimerol suture 26
anepirneron 23,26,28
ancpistcrnal clcft 26
ancpistcrnal membrane 26
anepistcrnurr 23, 26, )1
anepsia Pritchard (Anarrcte) 264. 265, 270
Anevrina Lto.t 69l, 696, 697, 699
Angarotipula Savlshenko 1 57,162, 181
Angioncura Braucr & Bergenstamm 1136, I I J9,1110, I I 4l, 1189,

I 200
Angioneurinae 1 135
Angioncurini I 134 36, 1140, 1499
angulata (Thomson) (Poecilosomclla) 991. 996.998, I 000
angulatus Wirth (Canaceoides) lOlJ0
Angulitinae l44l
angustata (Wulp) (Hy'phentrophaga) ) 207
angustata Coquillett (Stenomicra) 893
Angustia Scllcrs 1225
anguslifrons Rondani (Cirillia) I 189

ilngustipcnnis (Lo$v) (Tephritis) 81l
angustipennis Enderlein (Par1'phoconus) 401,4 16.1 17,4 18

anguslipennis Loe$ (Ctenophora) /80
angustipcnnis Mclander (Strongylophthalmyia) /09. 777, 779
lngustrvitta (Aldrich & Webber) (Angustia) 1225
Anir:ia Robincau-Desvoidl' I 20, lr21. / /80, / 18J, 1t85
anilis Fall6n (Dry'orryza) 108, 923, 921. 925
Anisia Wulp 1198, 1233, 1266
Anisopodidae 2, I 5. I 6, I 9, 20, 28, 29, 35, 45, 5,1. 5-5, -58, 67, 68, 70

13.17.82.83. 85, 94. 96, 128. 212. 2t6.305, 1334 36, 1341, 1342.
r349. r350.1353, r354, l3s6 -s8,1365. r366, l37l 73,1399,
1400. r409

Anisopodilormia 1339, I350, 1371, I372
Anisopodinae 96, 310. 311, 1353

Anisopodoidea 2. I 37 I

Artisopus Meigen 3lr0
Anisotamia Macquart 599
annectans Sturtcvant (Pcriscelis) u98. 1465
annulata (Fall6n) (Periscclis) 80, 108, 1 39. 895, 896, E97
annulatus (Say) (Leptogaster) 557
annulatus (Say) (Lcucotab'.tnus) 466, 47 3

annulatus (Sa1') (Psilonyx) -tid, J58
annulicornis (Malloch) (Mesosphaerocera) 997, l0O4
annrrlifera (Bigot) (Bcris) 502, 508, 509
annr.rlipes ( Meigen) (Enicila) 9 4 7

annulipcs Loerv (Periscelis) 897
annulipcs Lundstrcim (Synneuron) 322
annulivcntris (Malloch) (E.urycncmus) 4'16

annrrlus (Walker) (Crumomyia) 997. 998
Anocha Pritchard 268
Anolisimyia Dodge I 162, ll74
anomala (Colc) (Coclopina) 922
anornala Williston (Desmatomyia) 596
Anomalcmpis Mclander 613
Anomarlochacta Frey 882, 8EJ, 884, l16l
Anornalomydinae 537
Anophclcs Mcigen 37. 312, 313, 344,346, 347, 318, 1364
Anophelinae 341. 312, 316
Anoplodonta .lamcs 95, J01, 506
Anorostoma Loerv 975, 976, 9'78
Anoxynops Townsend I 2 l 6, 1228, I 237
anteclypeus l0
anteclypcus, true 15

antecosta l0
antccostal suture l0
antecoxal laterale 27
antenna (L) 73
antenna, antcnnac 10. 16, 36
antenna, subdivisions of (L) 73
antennaepes (Say) (Rainicri a) 7 6 2. 7 61. 1 65, 7 66, I 61

antennal;fovea l5

t 279
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antennal groove 15 Apctaenus Eaton 1074, 1075. 1450, 1410,1472.1473
antcnnal seam 16 Aphaniosome Becker I 22, 985, 986, 987, 988, I 41J-1

antcnnal segment 9 Aphanotrigonum Duda /0JJ, 1057,1063
antennal socket 16 Aphantorhapha Townscnd I 239

antennalis (Coquillett) (Chaetocrania) 1203,1204 Apheloglutus Creene 1220

antennalis (Coquillett) (Strlobezzia) 4l I aphidimyza (Rondani) (Aphidolctcs) 267.276
antennalis (Reinhard) (Drino) 1240 Aphidolctcs Kieffer 267.276,280
antennalis Townsend (Phasmophaga) 1231 Aphiochaeta Brucs 706
antennata (Banks) (Atomosiella) 565,569 Aphodiplosis Ga'gnt, 276,283
antennata (Rondani) (Erynniopsis) 1233 Aphocbantus Locw 595,599
antennomaxillary lobe (L) 74,75 Aphrastomyia Coher & Lane224,228,232,237
antepronotal lobe 23 Aphria Robincau-Desvoidy | 23 1,1264
antepronotum 23 Aphriini 1194,1264
anterior 9 Aphroteniinae 426,421
anterior basalare 27 apical 9
anterior branch, wing veins 29 apical trossvein 33

anterior crossvein 32 apical lobc, of gonocoxitc 51

anterior gonapophysis 45 apicalis (Felt) (TctranetLromyia) 268, 27 1

anterior gonapophysis, gonapophyses; true 38, 44 apicalis (Meigen) (Georlyza) 88J
anterior mandibular articulation (L) 68 apicalis (Williston) (Acrosticta) 800
anterior notal wing process 25, 28 apicalis Curtis (Soathophaga) /088
anterir.tr pronr.ttunt 23 apicalis Dalrnan (Diopsis) 788

anterior spiracle (L) 83,86, 125 apicalis Locw (Chyliza) 783

anterior surstylar lobe 55 apicrta Osten Sackcn ((-tenophort) 17, | 57

anterior thoracic spiracle 23,27 apicifer (Walkcr) (Archytas) 12Jl
Anthalia Zetterstedt 609,619,621 Apiloscatopse Cook J/5, 316, 318
Anthepiscopus Becker 618 Apinops Coquillctt I 258
Anthoclusia Hennig 1462, 1465 Apioccra Westwood 541 ,541,543,54.1, 515.546. -i42, l:i86, 1388

Anlhomyia Meigen 43, 1099,1102,1107 Apioceridac 2,33,37,42,44.51.6(r,67,95, 100, I30.5,11, 1375,

Anthomyiella Malloch 1106, 1107 1386 UU, 1399. 1413 15, l4l7
Anthomyiidae 3, 12, 36, 37, 54, 103, 105, I 19, 132,142,144,924, Apiocerinae 544

1087, 1099, 1 I 16, I 189, 1428,1429,1492.1496 99, 1504 Apiophorinae 537
Anlhomyiinae 1102 Apis Linnaeus 751

Anthomyiini 1102 Apistinac 1353

Anthomyiopsis Townsend 1232,1265 Apistomyiinac 1344, 13:t3
Anthomyza Fall6n /1J, 124,887,888,890, 1160 62 Apistornyiini 1346, l34i
Anthontyza 1462 Aploml"a Robineau-Dcsvoidy I 196, I 197, 1201, l2ll,12,2
Anthomyzidae 3, I I 3, I 22, 124, 147 ,882, 887, 892, I 45,1. I 457, Aplonya 1207. l2l2

1460 63, 1466, 1481, 1.184, 1504 Aplomyopsis Townscnd l2l2
Anthomyzidea 1462 apneustic spiracular systcm (L) 83

Anthomyzoidea 782, 882, 898, 1075, 1462 Apocephalus Coquillett 591,'703,705
Anthomyzoinea 1484 Apocleinac 554
anthracina (Czerny) (Lasiomma) I 103, I 104 Apocleini 554
Anthracinae 599 apodeme l0
anthracinus (Bigot) (Oxynops) 1228 apodeme, aedeagal 53, 54
Anthracomyia Rondani I 188 apodeme, ejat'ulatory 5:\

Anthracophaga Loew 1066 apodeme. c1aculatory; true 54
Anthrax Scopoli 595, 597, 598, 600 apodcme, gonocoxal 51

Anticheta Haliday 921 29, 931, 9 3 5 , 937 apodeme. h1- pandrial 45
antiqua (Meigen) (Delia) 110J apodcmc, of mandible (l-) 72
Antissa Walker 498,500, 502, 509 apoderne, parameral 5l
Antissinae 1379, 1383 upodeme, vaginal 44
antitheus Walker (Chrysogasrer) 7 24 Apolcphthisa Crzegorzck 212,240
Antlemon Haliday 224 Apolysis Losrv J94, 596
Antliophora 1337 Apophoneura Malloch 992, 1482
Antocha Osten Sacken 156, 166,169, /8/, 182 Apostrophus Loew 12511

antrozoi (Townsend) (Basilia\ I 284 apotome (L) 66
anus 37 Apotropina Hendcl 104!t. l05l
anus (L) 71,79,86 appcndage 9, l0
anus (Meigen) (Curtonotum) 1009 Appcndicia SLein 126l
anus, femalc 45 appenditula group (Limosina) 1003
anus, male 45, 56 appendicular gland 38

anxia (Zetterstedt) (Hydrotaea) I 120, l I 23 appendiculatus Loew (Asyndctus) 630
Anypotacta Czerny 979 approximatonervis (Zctterstedt) (Pseudopachychaeta) 10.54, 1065
Anzamyia Reinhard 1250 Aprionus Kieffer 263, 21i4, 270
Aochletus Osten Sacken 504, 509 apsectra Edwards (Bryomyia) 271
aorta 12 Apsrlocephala Krcjbcr 51 4,516,511,518, 1386
Apachekolos Martin 557 Apsinota Wulp 1476
Apachemyia Townsend 126.1 aptena Wirth (Tethymyia) 444
Apagodiplosis Cagn6 288 Apteromyia Vimmcr 99r), 1003

Apaffates Sabrosky 1052,1060, 1061 Apteropanorpa Carpenter 1 341

Apalocnemis Philippi 618 Apterosepsis Richards 1462
Apatolestes Williston 465, 466,468,414, 175 Aptilotus Mik 995, 1001,1003
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Apystomyia Melander 599 arnaudi Borgmeicr (Ncodohrniphora) 691, 697.102
aquila (Fall6n) (Parydra) 103, 1035 arnaudi Wirth (Nocticanace) /08/
Arabiopsis Townsend I 180, ll82 arolium 36
Arachnidomyia Townsend 1159,1162, 1164, 1166. 1167,1168, 1170. arpidia (Malloch) (Psilacrum) 1055

I 176, I 184 Arrhynchus Philippi 577
aranea (Coquillett) (Megistopoda) 1296, 1297 Artemita Walkcr 498. 500
araneosa Felt (Clinodiplosis) 268 Arthria Kirby 315,317
Aravaipa Townsend 1203 Arthroccras Williston 107,484.485.486.490, 1319
Archaediptera 1336 Ar[hrocnodar Riibsaamen 262,281
Archaeochlus Brundin 424, 1335, I 3.11, I 363. I 36'1 Arthroneura tlull 596
Archaeodiptera 1336 Arthropcas Loew 107,481. 490, 191.1315
Archiborborus Duda 994, I 484 Arthropeina Lindncr 1371 , 1318
Archicera Szil6dy I 379 Arthrotelcs Bezzi 1319
Archidiptera 1336, 1345, 1346 arricularion l0
Archilestris Loew 554, 561 Asaphomyia Stone 465, 167.468
ArchilimnophilaAlexanderlTl Aschi2a2, 14.59,75,76,it6,90,96, 1399, 1400, 1402 04,i411,
Archimimus Reinhard 1 165,1174 1412.141 5, 1416, l4l8 20, 1422.1423,1471,1429,1436, 1502,
Archimyia Enderlein 490 1504, 1505
Archipialea Schlinger 577 Ascodiptcridac I 297
archippivora (Riley) (Lespesia) I 237 Ascodipterinae 1294. 1295, 1297
Archirhagio Rohdendorf I 382 A.rcodipterinae 1297
Archischiza 1425,1436 Ascodipteron Adensamcr 1295. 1296
Architipulidae 158 ascoid 293
Archocyrtinae 582 Ascmosyrphus Bigot 726, 738
Archocyrtus Ussatchov 582 asemus Pritchard (Aprionus) 270
Archodiptera 1336 Asiconops Chen 753
Archytas Jaennicke 1231,1244 Asilidae 2. 15, 16, 19,23.21.32,37,38,44,53 55,5lJ,66,67,69,
arctica (Holmgren) (Arctopiophila) 85/ 12,11.19 81,83,85,95, 100, 107, 130,532,535,537,538,544,
arctica (Malloch) (Borborillus) 998 549,904, 1345. 1348, 1373, 1375, 1383, 1387, 1388, 1399, 1402,
arctica (Malloch) (Pseudodiamesa) 128 1403. 1408, l4l3 15. 1417
arctica (Sack) (Trafoia) 1230, 1262 Asiliformia 1382
arcticum Malloch (Simulium) 362, 363 Asilinae 549 55
arctii Spencer (Liriomyza) 876 Asilini 570
Arctoconopa Alexander 156, 177, 183 Asiloidea 2,68.70, 12.'73,77.1372,1315,1379, 1382 81, 1385,
Arctolimnophila Alexander 172 1390 92,1397,1104.1408, l4ll 13, l4l7
Arctopelopia Fittkau 428, 435, 436 Asilomorpha 2, I 5, I 6, 32,36. 42, 44,15, 54,58, 532. 549, 554, I 337,
Arctophila Schiner 729,738 1373, 1382, 1384. 1397. 1404, 1410, 1412 11. l1l9
Arctophyto Townsend I 223,1248 Asilopsis Cockerell 555
Arctopiophila Duda 848,851,852 Asilus Linnaeus 550. 554. 555, J66,571
Arctosyrphus Frey 726,741 Asindulum Latreille 224.225,236
Arctotipula Alexander 164, 165 Asiosphegina Stackelberg 732.7 13
arcuala (Loew) (Euthycera) 930,931,9J5, 938 Asmeringa Becker 1027, 1038
arcuata Sherman (Tetragoneura) 242 Asphondylia Locu' 267,274,280,284
arcuatum (Mik) (Masistylum) 52 Asphondyliidi 259.261 ,2'73
arcuatus (Say) (Xanthomclanodes) 1243 Aspistes Meigen /7, 314,315.317
arculus 3l Aspistrnae 3 I 3, 317
ardeae (Macquart) (lcosta) 1274 Asseclamyia Reinhard 1205,1214
arenaria Rohdendorf (Stackelbergomyia) 1502 assimilis (Fall6n) (Muscina) /03
Arenigena Irwin & Lyneborg 518, 520 assimilis (Townscnd) (Oswaldia) /243
areolata (Osten Sacken) (Prolimnophila) 91, 167, 111 Assipala Philip 167,468
argentata (Loew) (Johannsenomyia) 412 Asteia Meigcn 899,900,902, 1461
argentata (Walker) (Brachydeutera) /031 Asteirdae 3, 37, I 02, I I 9, I 25, 898, 899, 9ll ,966, 1451, 1456, 1462,
argentifacies (Williston) (Perasis) JJ6,561 1163, 1166 68, 1484, 1504
argentifrons Coquillett (Pseudochaeta) 1208 Asteiinac 1467
argentifrons Williston (Desmatoneura) 599 Asteioidea 1162, 1466
Argoravinia Townsend 1163 Astcioinea 1431,1443,1449, 1450, 1454, 1456, 145'7,1462 68, 1504,
argus (Zetterstedt) (Ernoneura) 1087, I09l 1505
argus Melander (Dolichocephala) 615 Asteronryia Felt 280
Argyra Macquart- 628, 629,631, 635, 637 Astictoneura Gagn6 280
argyrocephala (Meigen) (Metopia) 1180 Astiosoma Duda 899, 900, 901 , 1466-68
arida Reinhard (Psilopleura) I 231 , 1251 Astomella Lamarck 580
arista 16 Astoneoml"ia Pctcrson 364, 365, 373
aristalis (Coquillett) (Oebalia) I 179,1182,1 183 Astrophanes Osten Sackcn 600
aristalis (Coquillett) (Sciomyza) 928,930 Asynapta [-oew 259, 262.267,272
aristalis Townsend (Ostracophyto) I 227, 1261 Asynaptini 269
aristidae Gagn6 (Edestosperma) 279 Asyndetus Loerv 626, 628,630,635, 637
aristomere 16 Atacta Schiner I 208. l2l5
arizonicus Wheeler (Paraneossos) 978 Atactopsis Townscnd I 205,1214, 1 235
armata Melander (Drapetis) 620 Ataenogera Krober 518
armata Osten Sackcn (Erioptera) 127 Atarba Osten Sacken 154, 166, 167,170,185
armigera (Coquillett) (Eucelatoria) 1238 Atelestidae 1389
armipes Bezzi (Ectyphus) 5J6, 537 Atelestinac 609
armurensis Schnable (Syngamoptera) 1498 Atelestus Walker 683, 1388, 1389
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Ateloglossa Coquillett 1248 axillary area, of wing 2fi
ater Meigen (Pipunculus) I I 1,745 arillary cell 33
Athanatus Reinhard 1254 arillarv lobe 29
Athericidae 2, 14,20,45, 80, 8 l, 83, 95, 99, I 07, I 29, 4'19, 484, 1312, axillarl, plate 28

1373, 13'79-83 Axinicera Turner 485, 4'86
Atherigona Rondani 1119,1125 Axinota Wulp 1007. 1009, 1428, 1188
Atherimorpha Whire 1373, 1379, l38l AxioJogina Hcndcl 806
Atherix Meigen 81,95,107,179,480,481,482,484, 1345, l38l Axymyia McAtee 51,9 ,209,210,211,212,310.1335, 1349
Athrycia Robineau-Desvoidy 1219,1250 Axymyiidac 2,12,24.28,66,68,77,83,85,91,96, 126.209,310,
Athyroglossa Loew 1028, 1031,1033 1341, 1342, 1347, 1349, 1350. 1363, 1366, 1399
Atissa Haliday 1034,1038 Axymyioidca 2,212
atlanis (Aldrich) (Blaesoxipha) 1172,1113 Axymyiomorpha 2, 1339, l34l 43, 1349, 1350, l37l
Atomosia Macquart 560, 565,569 Axysta Haliday 10,13
Atomosiella Wilcox 554, 565,569 aylmeri (Garrett) (Dioptopsis) 191, 196
Atomosiini 549 51,554,569 Azana Walkcr 224,230,237
Atoniomyia Hermann 565,569 Azelia Robineau-Desvoidy I I 19,ll24
atra (Meigen) (Lotophila) 1004
atra Malloch (Forbesomyia) 263 babiyi (Rempel) (Nilothauma) 4J1
atra Malloch (Macateeia) I I 12 Baccha Fabricius 7 14, 7 19,720,721
atramentaria (Meigen) (Stevenia) I 188, I 189 bacilliJorm .rclerite 55
atrata (Coquillett) (Opesia) I 2 1 7 , 1265 bacilliform sclerite. Lrue 55
atrata (Hine) (Bolbodimyia) 263,466,469.471,476 Backomyia Wilcox & Vtartin 565. 568, 569
atratula Ratzeburg (Leucopis) 966 Bactropalpus Borgmeier 6q3,709,710
atratus Fabricius (Tabanus) 1402 badia (Walkcr) (Blera) 235
Alriar^ 679, 1419 badia Walker (Stratiomys) 34
atricauda (Zetterstedl) (Acrostilpna) 1102 Bacoctenus Saether 450
atriceps(Zetterstedt)(Boreellus) 1137,1139,1140, 1142 BaeomyiaO'Hara1236
Atrichomelina Cresson 927,929,935,936,937 Baconotidae 1350
Atrichopogon 81,399, 402,408,409,417,419 Baeonorini 261
Atrichops Verrall l38l Baeonotus Byers 122, 1,3,261,28J, l35l
atricornis (Meigen) (Allophyla) 977 Bacopterogyna Vockeror.h 122,224.228, 2J0,238
atrifacies Aldrich (Leucopis) 970 Baeopterus Lamb 922, I 450
atrifrons (Coquillett) (Neochirosia) 1089, 1092 bahamensis Wirth (Paraglenanthe) 1039
atripennis Coquillett (Chaetoplagia) 1 211, 1250 Bahamia Sabrosky 900, 1461
atrium 38 bakeri Coquillctt (Chacr.oclusia) 102,855
atrium (L) 74,75,76 balachowskyi Mesnil (Gcomyz,a) 1a6,883
atrium, spiracular (L) 86 balioptera (Loew) (Neo,:mpheria) 230
atriventris (Walker) (Diotrephes) 1206, 1215 band 10
Atrophopalpus Townsend 1218 bandus Teskey (Glutops) 46l
atrophopodoides Townsend (Vanderwulpia) 1229 barbata (Coquillett) (Mcdina) 1217. 1252
atroviridis (Townes) (Chironomus) 4J9 barbata (Zetterstedt) (F'ogonota) 1087, 1088,1092
atrox (Williston) (Dasylechia) 569 barbara Locw (Stratiomys) 497,199, 502
attrita Johannsen (Exechia) 233, 234 barbata Loew (Xylota) 726

AtylotusOstenSacken465,466,472,415,411 barbatusOstcnSackcnr'Anastoechus) 59 1.592
aucta (Fallen) (Yerrallia) 747 barbipes (Staeger) (Glyrtotendipes) 106,429,130
auditrix Shewell (Colcondamyia) 1164 barrette 26
Aulacigaster Macquart I l 3, 121, 140,891,892,893, 1463, 1464, basal 9

1467, 1483 basal bracc vcin 29
Aulacigaster 1463 basal callus 14
Aulacigastridae 3, 12,80,85, 108, I 13, I 19, 121, l,+0, 143,890,891, basal costal ccll 32

898, 1443, 1454, 1461-65, 1483, 1484. 1504 basal fold 29
Aulacigastrinae I 464 basa_l lobe, of gonocoxite 5l
aurata (Coquillett) (Macronychia) | 179 basal mandibular sclerite (L)72.16
aurata Robineau-Desvoidy (Hemyda) I 217, 1259 basal medial cell 32
aurea (Macquart) (Lamprolonchaea) 795,196,1406 basal plate 29
aureum Fries (Simulium) 369,377,386 basal radial cell 32
auriannulatus Hine (Asilus) 554 basal ring 45, 54
austeni Newstead (Glossina) 1366 basal sclerite (L) 15
australiensis Alexander (Nothoderus) 31 basalar cleft 26
Australimyza Harrison 1471 basalare 26
Australimyzidae 1466, 1468, 1470 17,1476,1504 basalarc, antcrior 27
australis (Hutton) (Macrocanace) 1075 basalare. posterior 27
australis D. K. McAlpine (Cypselosoma) 758 basalis (Walker) (Diognrites) 565
australis Hutton (Apataenus) 1473 base, ofhaltcr 33
Austroleptis Hardy I 376, I 379, I 38 I basitalypter 29
Austrolimnophila Alexandcr I 67, l7l, I 85, I 87 Basicondyla 273, 271
Austrophorocera Townsend 1221 basicosta 28
Austrosimulium Tonnoir 358 basicoxa 35
Automola Loew 834, 835,836, 1442 basifurca Vockeroth (Lcicia) 230,231
autumnalis (Townsend) (Distichona) 1204 basilcwsk.vi Richards (Apteroscpsis) 1462
autumnalis De Geer (Musca) 34 Basilia Ribeiro 123, 124, l3l. 1283, 1284, l2E7 89
Auxanommatidia Borgmeier 692,693,698,703 basimere 45
Avaritia Fox 405,407 basiphallus 53
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basipulvillus 36
basisternum 28
basisternum, true 23
basistyle 45
basitarsus 36
bastardii (Macquart) (Promachus) 95, 558. 566
batesi (Curran) (Neosilba) 792, 793
bathl,bothyra Speiser (Basilia) I 289
Batrachoml,ia Krefft 1050
baumhaueri Meigcn (Dioctrta) 563. 566
bcameri Steyskal (Xenopterclla) 957. 964
Beameromyia Martin 557
beata Aldrich (Asteia) 899
beatifica (Whitney) (Whitneyomyia) 472
Bebryx Gistel 1l18
beckae Sublette (Pedionomus) 4.13

Beckerina Malloch 691 , 700, 702
Beckerinini 695,702
Bcebeomyia Curran {J34

Belida Robineau-Desvoidy 1 197, 1201, 1233, 1 231, 1236
bella (Coquillett) (Alluaudomyia) 401, 109
bella (Williston) (Cynorhinella) 225
bellamyana (Alexander) (Pedicia) 169

Bellardia Robineau-Desvoidy I 134, 1135, I 137. I 141, I 142, 1 143,
1144

Bellardina Edwards 164
Bellieria Robineau-Desvoidy I 164,1169. I 17 I
Bellieriini 1169
Belosta Hardy 58, 526, 527,1385
Beltranmyia Vargas 405, 415
Belvosia Robineau-Desvoidl' l2l4
bcnefica Malloch (Pseudoleucopis) 967
Bengalia Robineau-Desvoidy I 135

Bequaertomyia Brennan 459,160, 461 . 481. 137 3

B eq uae rt omy i a Brennan \ 380
Bercaea Robineau-Desvoidy I 162, 1169, I 171, I 176
Bercaeopsis Townsend I 168
bergi Cresson (Hydrellia) 1044
Beridiinae I 4l 7

Beridinae 500, 509, 1378, 1383, 141 l, 1415. l4l6
Beringotipula Savtshenko 163
Beris Latreille 500,,t02,508, 509
Berkshiria Johnson 18,499,503, 508, 509, 510
bcrmudcnsis Parsons (Conops) 753
berryi Cockerell (Drosophila) l0l 2

Bertamyia Kessel 1J7, 682, 683, 684,686,687
Beskia Brauer & Bcrgenstamrn 1229.1262
Bcssa Robineau-Desvoidy I199, 1200, l22l
Besseria Robineau-Desvoidy I 252, 1258, 1262, 1263
betheli Felt (Oligotrophus) 291

betulae Sabrosky (Odinia) I I 2,863
betulivora Spencer (Paratraginops) 1458
Bezzia Kieffer 394, 406, 4 1 3, 4 1 6, 4 1 9, 419
Bezzimyia Townsend 104,105. I 193, I 195, 1200, | 229.1263
biannulata (Say) (Stylogasrer) 7 5 5
Bibio Geoffroy 34, 67,79,83, 85, 86, 209, 217, 218, 219, 220, 221,

22 1 ,222, t346
Bibiocephala Osten Sacken 191 93, 194, 195, 196,1318
Bibiodes Coquillctt 218, 220,221
Bibionidae 2, 27, 35-37,51, 67, 68, 70,'t2. 73. 71, 79. 80.82, 83, 85.

86, 91, 96, 126, 2t2, 714, 216. 217, 218. 220. 222. 227, 310. 1334
36, 1348-52, 1312, t373, t4t0

Bibionidca 1336
Bibioniformia 1339, 1350, 1371

Bibioninae 1351,1352
Bibionini l35l
Bibionoidca 2, 65, I 334, I 335, 1 350. I 35 l, I 37 I

Bibionomorpha 2,25,32,36, 5 l. 54, 58, | 335 37, | 339, I 341 43.
1349 53, 1357, 1358, 1362, 1365, 1366, 137t, 1397, r401, r406,
1413 l5

Bibundia Bischoi 1442
bicarinata Williston (Cyphomyia) 502, 506, 507
Biccf laria Macquart 610,618, 619

bicirratus Brundin (Archacochlus) 1341

bicolor (Loerv) (Borcodromia) 614
bicolor (Williston) (Xanthoepalpts) 1744, I 246

bicolor (Zctterstedt) (Eurygnathomyia) 840
bicolor Hardy (Hctcromydas) 531,536.537, 538

bicolor Loew (Sigaloessa) 901
bicolor Oldenberg (Acartophthahnus) 861

bicolor Saether (Baeoctcnus) 450
bifasciata (Coquillett) (Zavrelimyia) 435
bifrons (Stcnhammar) (Spelobia) 999
Bifronsis Roh6Cek 999
bifurcata Meunier (Palacohilarimorpha) 604
bigeloviac (Cockerell) (Aciurina) 8.2J

bigelo*'i (Curran) (Cleonicc) 1230. l2l8
Bi gottsnty i a M a I loc h 1 1 18

biguttatus Wulp (Nothybus) 1435

bilinearis (Williston) (Lejops) 735

bilincata (Williston) (Willistonina) 559
Billaea Robineau-Desvoidy I 198, 1200. 1223,12413
biloba Clausen (Pelina) 1037
bimaculata (Locw) (Clinohelca) 404, 412
birnaculata (Melander) (Rhegmoclemina) 3 I 4. 3 I 5

bimaculata Locw (Acrocera) 528
bimarginipennis Karsch (Physocephala) 13l, 255

binotata (Cresson) (Hyadina) /OJj
binotata Painter (Desmatomyia) 592
binotatus (Locw) (Hedriodiscus) 50/
biocellata Vockcroth (Adicroncura) 23 1. 238
Biorbitella Sabrosky l058. 1064
brpunctatr (Linnacus) (Forcipomyia) 398. 407
bipunctatus (Fall€n) (My'cetaulus) 850
bipunctalus (Scopoli) (Sargus) 1408, 1409
bipustulata Wulp (Xanthacrona) 807

bisctosa (Coquillett) (Paracoenia) 1040, 1042
bishoppi (Sabrosky) (Liohippelatcs) 1061
bispina (Loew) (Homoneura) 957. 960
bispinosa (Coquillett) (Paracoenia) 1029
Birhoracochaeta Stcin 1 125
Bittacomorpha Weslrvood 36, 54, 81, 325, 326, 327, 327. 328, 1343,

1J5-r,1359,1363
Bittacomorphclla Alexandcr 326, 327, 328. I 359

Bittacomorphinac 326, I 353
Bittacus Latreille I 346
bivittatum Malloch (Simuliun) 369, 375
blade, ol' rving 28. 29
Blacsodiplosis Gagn6 288
Blaesoxipha Loew I 172,1173
blakeae Dodgc (Anolisiml,ia) I 174

blanda (Osten Sackcn) (Hyphantrophaga) 1252
blantoni Bromley (Asilus) 55zl

blantoni Wirth & Ratanaworabhan (Macropeza) 113. 414
Blantonia Wirth & Dow 399
Blepharcpium Rondani 554. 557
Blephariccra Macquart 91, l9l, \92,194, 195. 196, 191

Blephariceridac 2, I 2, I 5, 20,24,25,2U, 32, 38, 53 56. 68. 70. 73,

77,80 83, rJ6,91,92, 126. l9l, 1333 35, 1339. 1343. 1314,1346
49, 1353, 141 1, 1413, 14t4, 14t1

Blepharicerinac 194, 1344, I 346, I 353

Blepharicerini l9zl
Blephariceroidea 2, 1339, 1312.1341 16, 1353

Blcphariceromorpha 2, I 336. I 339. I 342, I 344. I 346, I 354
Blepharipa Rondani 1213, I243. I252
Blepharomyia Torvnsend I 31, 1 226, 1258
Blera Billbcrg 7 35. 736, 737
Blondclia Robineau-Desvoidy 1224, I 245
Blondeliini I 194-98. 1201. l22l
Bocainamyia Albuquerque 846
body (L) 77
body, segmcntation of (L) 77
Boettcheria Parker I 166, I 167,1171, 1 175, I 184

Boettcheriina I I 62
Boettcheriini 1174
Bohartia Hull 56,1

INDEX
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Bolbodimyia Bigot 2165, 466, 169, 471, 414. 476, 471
Bolbomyia Loew /8, 484,485,490, 1379
Boletina Staeger J9, 94, 122,224,226,227,228, 232.239,240, 242.

243
Boletophilinae l35l
boliekae Beck & Beck (Monopelopia) 428
Bolitophila Meigen 224, 226,227, 229,235
Bolitophilidae 1336, 1350
Bolitophilidea 1 336
Bolitophilinae 235
Bolomyia Brauer & Bergenstamm l2l0
bomboides Hunter (Pocota) 736
bombylans (Linnaeus) (Volucella) I 33, 728, 131, 740
Bombyliidae 2, 12, 16,32, 33, 58, 89, 97, 99, I 00, I 07, I 29, 5 I 7. 532,

582, 589, 1373, 1375, 1383 86, 1391, 1399, 1402, t1ll, l4l3 15,
| 41',l

Bombyliinae 593
Bombylioidea 2, 72
Bombyf iomyia Brauer & Bergenstamm 1202. 1245
Bombyliopsis Townsend I 202
Bombylius Linnaeus 97, 589, 591, 592,593
Bonnetia Robineau-Desvoidy I 257
Borboridae 1483
Borboridca Kert6sz 498, 503
Borborillus Duda 994, 998,1004
Borboropsidae 97 5, 1479, I 48 l, I 504
Borboropsis Czerny I ll, 971, 915, 976, 978, 1484
borealis Brues (Mesophora) 703
borealis Cole (Ogcodes) 529
borealis Curran (Lonchoptera) 679
borealis Czerny (Trichochlamys) 979
borealis Coetghebuer (Limnophyes) I 30
borealis Shewcll (Camptoprosopella) 956, 959, 1149
Boreellini I I 35
Borcellus Aldrich & Shannon 1134,1137,1139, ll42.ll40
Boreidae 1337,1341
Boreochlini 433
Borcochlus Edwards 433
Boreodromia Coquillett 614
Borcohcptagyia Brundin 437
Boreopiophila Frey 845, 852
Boreothrinax Steyskal 8 I 3, 814, 81J
Borophaga Enderlein 690, 701
borrichia Bush & Huettel (Cecidocharclla) tl25
bostoni McAlpine & Martin (Sciadophora) 695, t4l8
Botanophila Lioy 103, 1099, I 102, I 105,1109. I I 10, lll2, lll4
Bouvieromyiini 465, 468
bovis (Linnaeus) (Hypoderma) 1150,1153, 1 154
brace vein 3l
Brachicoma Rondani I l6l, 1178, I 179, | 184
Brachocires 1334
Brachycara Thomson 499, 504
Brachycera 2,9,14,16,20,29,32, 33, 3U,44, 55,68,71, 77, 82, 83,

85,90, 125,460,484, 53t,679,1334 36, 1339, 1344 46. 1348,
1354, 1363, r366, 1371, t374, 1397 1119, 1504

Brachyconops Wirth & Atchlcy 40,396, 397,398
Brachydeutera Loew 1030, /0J1
Brachylimnophila Alcxander 172
Brachylinga Irwin & Lyneberg 5]5,516,518,519
Brachyneura Rondani 291
Brachyopa Meigen 98, I 33, 728. 732, 737, 710
Brachypalpus Macquart 7 25, 7 26, 136
Brachypeza Winnertz 241
Brachypogon Kieffer 403, 404,406
Brachypremna Osten Sacken 58, 159, 161, 182
brachyrhynchus (Macquart) (Physoconops) I I l,719
Brachystoma Meigen 614, 6/5
Brachystomatinae 609, 613, 615, 1 389
Brachytarsina Macquart 1295, 1291
Bradysia Winnertz 58, 106, 1 20, l2l, 122, 218, 249, 250. 253, 254
brakeleyi (Coquillett) (Corethrella) JJ8
brasiliensis Schiner (Atacta) 1208
brasiliensis Schmitz (Acontistoptera) I 23, 707
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brassicae (Bouchc) (Hylcmya) 142
braueri (Dziedzicki) (Phronia) 242
Braula Nitzsch 120, l2l.122, 123, 139,913.915,916,917, l17l
Braulidae 3, l2l 23, ll8, 139,913, 1397, 1415, 1468 71, 1484, 1504
Brauloidca 1468

Braufomorpha 917, 1391
hreasthone (L) 19
Bremia Rondani 281
Brcnnania Philip 465, 468,415,476
breviata (Meunier) (Prosphyracephala) 7u9
brevicornis (Fclt) (Cori rthonyia) 260.263.264. 265
brevicornis (Say) (Sphyracephala) 112. 785, 787, 788, 7ti9
brevicornis (Wiedemann) (Apiocera) 544
brevicornis (Williston) ( Cophura) 558
brevicornis Loew (Hornropeza) 616
brevicornis Papp (Acha,rtorisa) 1,175, 1476
Brevicornu Marshall 241
brevicostata (Duda) (Spinilimosina) 1003
brevifrons Walkcr (Hcspcrinus) 2 | 9, 220
brevipennis (Loew) (Ber;seria) I 252
brevipennis Meigen (Dclichopus) I 2, 49
Breviperna Invin 515, 522
brevis (Banks) (E,udioctria) 566
brcvis (Crcsson) (Renoccra) 930
brevis Coquillett (Paradmontia) 1.?22

brcvis Gzrrrett (Dixa) 1i'z, 332,333
brevis [{uckett (Proboscimyia) 1 104
Brei,iscapus QuaLe 299
Brevitrichia Hardy 526, 527
Brillia Kicflcr 130, 446, 418
brimleyi Sabrosky (Rhodesrella) 1055, /0-tZ
bristlc l0
Brochella Mclandcr 6l?
Bromeloecia Spuler 999
Bromleyus I-lardy 562
Brontaca Kowarz I I 18, 112J, ll30
Brooksiella Vockeroth 109,1

browni Curran (Empis) 607,620
browni Kcllogg (Erctmcptcra) 2144

Bruchomyia Alexander 295. 29tj. 300
Bruchomyiinae 295. 298, 299. 300, 1353
Bruggmannia Tavarcs 280
brumalis Czerny (Oldenbergiella) 978
brundini Kcvan (Fclicitornyia) I345
Brunettia Annandale 298, 299
brunnea (Brooks) (Graphogaster) 1240
brusti Saether (Lasiodiamesa) 4J5
Bryania Aldrich 1467
bryanti (Fclt) (Ancylodiplosis) 282
Bryodcmina Hull 595, 599
Bryomyia Kieffer 264, 27 I
Bryophacnocladius Thienemann 450
bucca 10

buccata (Fall6n) (Heterccheila) 924
bttccata (Falldn) (Oedoparea) 926
buccata (Linnaeus) (Myopa) 75,5

Bucephalina Malloch 1093
Bu t:ep ha lctmy ia M al loc h 1 | 18

bucinator Melander (Euthyncura) 619
Bulblucilia Townsend I135, ll44
bulbosa (Johannsen) (Pseudobrachypcza) 241

bufbosa (Ostcn Sacken) (Metatrichia) 526, 527
bulla Westwood (Acroce:ra) 578
hulla, infra-alar 28
bulla, stemmatic l2
bullata (Parkcr) (Neobellieria) 1161. l 176
Buquctia Robincau-Dcsvoidy 121 4

bureni Wirth (ThaJassornyia) 455
buresi Cresson (Ephydra) 1029
bursa 38
bursa copulatrix 38

bursa inseminali.r 38

bussi (James) (Pandivirilia) 519
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buxi (Laboulbone) (Monarthropalpus) 283
bysia (Walker) (Phaonia) I 120, I 123
Byssodon Enderlein 362, 363, 37 1, 379,381

c 28,29, 30
Cacatuopyginae 537
cacopiloga (Hine) (Proctacanthella) 563
Cacozelus Reinhard 1 257
cadaverina Robineau-Desvoidy (Cynomya) I 42, I I 37, I I 39, I 143

Cadrema Walker 679, 1051, 1056, 1059, 1061
caecus Edwards (Trichobius) I 31,1296.1291, I 299
Caenotoides Hall 597, 599
Caenotus Melander 517, 594, 599, 1386
caerulescens Hendel (Setcllida) 833, 834
caerulescens Loew (Senopterina) 8/ I
caesar (Aldrich) (Eumea) 1212
Cairnsimyia Malloch 989, 990. 992. 118)-

Calamomyia Cagn€ 277, 219
Calamoncosis Enderlein 10J3, 1055
calcar 35
calcipala 356
calcitrans (Linnaeus) (Stornoxys) 22, 23, I I I 8
Caleopteryginae 1432
californica (Cole) (Psectrosciara) J14
californica (Coquillett) (Valentibulla) 82J
californica (Johannsen) (Dixella) 330
californica Borgmeier (Auxanommatidta) 692, 698, 103
californica Hall (Caenotoides) 592
californica Kcssel (Protoclythia) 686
californicum Smith (Spilochaetosoma) 1 2 27. 126lr
californicus (Bigot) (Pilimas) 41 , 167, 169, 170
californicus (Coquillett) (Mcledonus) 1254
californicus Hogue (Philorus) /96
californiensis Alexander (Rhabdomastix) 1/3
californiensis Hutson (Exiliscelis) J2J, 321
caf iforniensis Wirth & Atchley (Leptoconops) 40, 396, 397, 398
caliptera (Say) (Exoprosopa) 595. 597
calla Kessel (Callomyia) 684
Callachna Aldrich 824
Callicera Panzer 7 I 9, 123
Calliccratomyia Lane 226
callidum (Dyar & Shannon) (Simulium) 360
Callinapaea Sturtevant & Wheeler 1030, 1040,l04l
Callinicus Loew 564, 566
Calliopum Strand 954, 959,961
CaJliphora Robineau-Dcsvoidy 22, 23, 11 17, 1 1 33. 1135, 1 1 37, 1 1 38,

r139, II42,1144,1499
Calliphoridae 3,20,23,25, 28, 45, 52, 51, 55, 74 78, 104, 142, 144.

1133, l l60-62, 1188, 1189, r r95, r200, l4lu, 142.+, 1428, 1492.
l49rJ 1501,1504

Calliphorinae 1136, 1499
Calliphorini 1 135, 1 136, 1140
Calliphoroidea 1498
callipus Gagne (Glenodiplosis) 282
Callomyia Meigen 50, 51 , I 37 ,682, 683, 681, 686, 687, | 401 . | 415
Callopistromyia Hendel 807
callosomiae Beneway (Lespesia) 1 J4
Callotia Vargas & Kremer 405
callus, basal 14
callus, calli l4
callus, humeral 23
callus, median l4
callus, postalar 25
callus, prealar 25
Calobata Meigen 763
Calobatidae 7 6 3, 1 430, 1 504
Calobatina Enderlein 165, 167
Calobatinae T 61, 763, 1432
Calocoenia Mathis 1037, 1045
Calodcxia Wulp I198
Caloforcipomyia Saunders 399, 403, 408
Calolydella Townsend 1197 , 1236
Caloparyphus James 499, 504, 506, 507,509

IN t)EX

caloptera Locw (Tipula) 161

Calotarsa Townsend 682.681,68J, 686, 682, 688
Calycomyza Hendel 874. 877
calypter, calyPteres 29

calypter, lower 29
calypter, uppcr 29
Callpterotae | 424
calyptral fold 29
calyptral fringe 29

Calyptratae 3, I4, 15. 25,28.29,32, 33, 35. 37, 3U, 44, 52. 54, 55,

59,89,90, l0l, 104.897, I 187, 1391, 1397. 1402. 1404. 1406,

\424 26.1.128, 1429, 1417, 1443, 1462. 1484. 1485.1492, 1493,

1196, 1499. l 500. I 504. I 505

Cal.vptratae 1425
Cal,"'thea Schnabl & Dziedzicki ll06
Calyxochaetus Bigot 627, 634
camatus Reinhard (Archinimus) 1 165, l114
Camelomyia Reinhard 1224

Camilla Haliday 116, 1023, 1024,1025,1467, l'+88, 1489

Camillidae 3, ll6, ll9,125,1009.1023,1030, 1486 91, 1504

campaniform scnsillum 33
Campanulom,r.'za N owakorvski 872

carnpcstre Curran (Rhaphiurn) 636, 637

carrpcstris (CoquiiletL) (LcpidanLhrax) 59-5

campestris (Fall6n) (Anicia) 120. l2l , 1180, Il8J
Campichoeta Macquarl 1020, 1022. 1490, l49l
Campichoetidae 1022
Canrpichoetidae 1030. 1504

Camposella Colc 577
Carrpsicnemus Haliday' 36, I2'1. 628. 633, 634, 635, 637

Campton.via Kieffcr 259. 262. 267,2'72. 276

Camptoneuromf ia FelL 258, 259, 289
Camptopelta Williston 503
Carrptoprosopclla Hendel 954, 956, 959, 1419

Camptops Aldrich 1/66, 1178

Campylochacta Robincau-Dcsvoidy I 229, 1260
Campl'lonyza Mcigen 263, 264, 265, 1351

cana (Walker) (Erioptcra) //Z
Canacc Haliday' 82. 116, 1080. 147'l
Canacea Cresson 1079,1080, 1081, 1082.1083, 1171

Canaceoides Crcsson 110. l0lJ0, 118l, 1082, 1083, 1471

Canacidac 3,11,82, I 10, ll5, 135, 136, 1075,1079' 1468-10.1412
74. t416,1484, 1186, 1487, 1504

Canacinac 147,1

canadanrbra McAlpinc & Martin (Prioriphora) 695' l'+ld
canadcnse Hcarle (Simuliun) 37 I . J80, 3U l. J86
canadcnsis (Brooks) (G.vrnnosoma) /22J
canadensis ( Fel t) ( Parasl,n ttptlL) 27 2

canadensis (Johnson) (Herina) 800
canadensis (Loew) (Epochra) 826

canadensis (Macquart) (Trypctoptera) 934
canadensis (Theobald) (Aedcs) 20,21, 106

canadensis Fclt (CysLiphora) 290
canadcnsis Felt (Dasincura) 268, 277, 278
canadcnsis Hardy (Dorylomorpha) 747
canadensis Johnson (Agathomyia) 681, 685

canadensis Locw (Ncmotelus) 501

canadcnsis Snydcr (Acridomyia) 103. 1105
canadcnsis Snyder (t-ispe) 11l9
canaricnsis (Macquart) (Pseudol-'-nchia) l)1 4, I 276, I 278

canccr Theobald (Deinocerites) 313. 347
candidata (Loerv) (Spirivcrp't) 520, 521

candidata Halidal' (Anarete) .268

candidipes Foote (Cecidomyia) 2J8, 259
candidulus Loew (S1'stoechus) 59l
canicularis (Linnaeus) (Fannia) 101, I 20. 121, I 39. I I 22, I l 29

C'anthyloscelidae 324
Canthyloscelidae | 354. I 3-57

Canthyloscelis Edwards I 354

Cantopelopia Roback,136
capillata (Loew) (Clinoceroidcs) I 093

capillata Loew (Cheilosia) 726

capitata (Wiedcmann) (Ceratitis) 8lU. 822, 825
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capitata Townsend (Cockerelliana) I 222, 1251 cell cup 33
capito Loew (Oedopa) 800 cell d 32
capitulum, of halter 33 cell dm 33
capsule rod ( L) 65, 67 cell sc 32
carbonaria (Kessel) (Grossovena) 68J, 686 cell, chromatocyte (L) l/9
carbonarium (Loew) (Rhopalopterum) /056 ccll, light-sensitive; of eye (L) 73

Carcelia Robineau-Desvoidy I 204,1210, I 213 cell, visual (L) 75

Cardiocladius Kieffer 428, 431,447 cclls. of wing 30, 31, 32
cardo 20 Celyphidac 25, 53, I 44:l 47. | 501
cardo (L) 72 Celypholauxania Hendcl 1447
caribbea Wirth & Dow (Forcipomyia) 399 Cell-phus Dalman 1115, 1111
Caricea Robineau-Desvoidy 1118, 1119,ll25 Lcnosoma Wulp 1260
Carinosillus Reinhard 1248 Centriocidac 150,1

Carnidae3,102, ll0, ll5, ll9, l2l,122,\24.111,909,917.1072, Centrioncinae 1,136

115'7,1466,1468 12,1476, 1481, 1504 Centrioncus Spciscr 781i, 143,s. l43b
Carnitcs Newman 14'70, l4l2 Ccphalia Meigen 801
Carnoidea 1429,1443,1456, 1468, 1469, 1410, 1411, 1414. 1416 18, cephalic9

1480, 1486, 1504, 1505 tephalit upotome (L) 6:t,66
Carnus Nitzsch 102, I 10, l19, \24,909,910,910, l1l2 cephalic scgmcnt (L) 7rl
carolae Capelle (Rhopalosyrphus) 729 Ccphalochrysa Kert6sz -50l, 505
carolina (Felt) (Monepidosis) 273. 274 Cephaloglypta Obrtel I 199
carolina Felt (Epimyia) 291 Cephalomyza Hcndcl 8'77
carolina Felt (Porricondyla) 267,278 cephalopharyngeal skele:ton (L) 65,74,'75,16
Carolinaptera Richards 124 Cephalopina Strand I l1i(r
carolinensis (Macquart) (Hamatabanus) 467 Cephalops Fallen 748
carpcnteri Hennig (Succinasteia) 900 Cephalosphera Enderlein 746
Carreraia Corr6a 3 l0 Ccphalosphera E,nderlein 7.18

carteri Tonnoir (Fergusonina) 12159 Cephenerryia Latrcillc I 148, I 149, I 152, 1/5J. 1156, ll57
Cartodiplosis Gagn6 283 Ccphenemyiinae I 152
Cartosyrphus Bigot 731 Cephodapcdon Malloch 982.987
Caryomyia Felt 283, 288 Ceracia Rondani I J1.1218, | 231
casei (Linnaeus) (Piophila) 815,841,852 Ceranthia Robineau-Desvoidy 1239, l24l
casuarius (Townes) (Cryptotendipes) 4J9 ccras (Townsend) (Silvius) 467,468
cata (Melander & Brues) (Pericyclocera) 704 Cerataulina Hcndcl 1,147

Cataclinusa Schmitz 693,698,708 Ceratenrpis Mclandcr 614
Catalinovoria Townsend 1250 Ccratinostoma Meade 1090
Catalpomyza Spencer 872 Ceratitis Maclca-v 818, 821, 822,825
Catatasina Enderlein 502,506,509 Ceratobarys Coquillett 1031. 1059
Catemophrys Townsend 1260 Ccraroculicoides Wirth & Ratanau'orabhan 408
Catharosia Rondani 1242,1259 Ceratomerinae 11U9, l4l2
Catherosiini 1502 Ccratomyie lla Townsenrl I2l8
calhistes Pritchard (Heteropezina) 269 CeraLopogon Mcigcn 395, 102,405
Catocha Haliday 260,269 Ccratopogonidae 2, 15. 16, 18,20,24,32,33,35,36.51,51,58,77,
carochini 263 81 83,93,95, 106, 1',).7,259,393, 1340. 1350, 1360. 1362 66,
Catotricha Edwards 260.263 l4l3
Catotrichini 263 Ceratopogoninae 393 95, 403
Cattasoma Reinhard ll81 Ccratopogonini 405
caudal 9 Ceraturgopsis .lohnson ji55

caudata (Van Duzee) (Neoparentia) 634 Ceraturgus Wiedemann 549, 554, 563.564
caudata FaJI6n (Notiphila) 1028, 1029,1035 cercus, cerci 37.38
caudata group (Notiphila) 1029, 1039 cercus, fcmalc,l4
caudatus Edwards (Protanypus) 430 cercus, male 54
cauta (Townsend) (Hypovoria) /219 cercus, male; true 45,5ii
cavernicola Papp (Katacamilla) 1025 Cerdistus Locw 555,571
cavicola Townsend (Chiricahuia) 1257 cerea (Coquillctt) (Gimnorncra) /089
cazieri Martin (Hadrokolos) 560, 566 cerehrale 16
Cecidocharella Hendel 825 Ceriana Rafincsquc 7 24. 7 27.729
Cecidomyia Meigen 17, 94, 257, 258,259, 262. 267. 268, 274, 284, Cerioides Rondani 723

286, 288 Cerioidini I 17.7 18

Cecidomyiidae2,12,16,19,28,32,33,36,41,45.51,53 55,65,66. CerodonthaRondani810,873,87'7
77,79,82,83, 86, 89, 92,94, 122, 1 23. 1 25, 250, 257, 795, 1 334 Ceromasia Rondani 1 2 1 7, 1218
36, 1341. 1350-53, 1357, 1358, 1312, 1410.11lr1 Ccromya Robineau-Desvoidy 1239

Cecidomyiidea 1336 Ceropsilopa Crcsson 10,12, 1036
Cecidomyiidi 259,261,2'73,219 Ceroptera Macquart 991,70110, 1001
Cecidomyiinae 36,89,92,257,259,261, l35l Ccrotainin Schiner 551,552. J65,569
Cecidomyioidea 1339, 1350 Cerotainiops Curran 55t1,558,570
Celatoria Coquilletr 1216,1228,1255 Cerorelion Rondani 235
celer (Colc) (Thevenemyia) 594 Ccroxys Macquart I I 2,799,812, 808
celeris (Townsend) (Neomintho) 12J8 certimus Adams (Chlorops) /03, l16. l18. 119, 1049, 1056, 1057,
cell bc 32 1059
cell bm 32 ccrvi (Linnaeus) (LipopLena) 1274
cell br 32 cervical sclerite 23
cell c 32 cervix 23
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Cetema Hendel 1061, 1065
Chaetexorista Brauer & Bergenstamm l22l
chactifrons Stcyskal (Texasa) 805
Chaetoapnaea Hendel 10J5, I 010, 1041
Chaetocanace Hendel I 474
Chaetochlorops Malloch 1051 , 1052, 1061
Chaetocladius Kieffer 429, 4 32, 447
Chaetoclusia Coquillett 102, 855, 857, 1361, 1457
Chaetoclusiella So6s 861, 1457
Chaetocoelopa Malloch 1450
Chaetocrania Townsend 1203, I 204
Chaetogacdia Brauer & Bergenstamm 1205,1214
Chaetoglossa Townsend I 208, 1213. 1 234
Chaetoleucopis Malloch 1449
Chaetolonchaea Czerny 55, 792,195,196, 1439
Chaetonodexodes Townsend 1228,1239, I 215
Chaetonopsis Townsend I 238,1265
Chaetophlepsis 1260
Chaetoplagia Coquillett 1195, 1 241,1250
Chaetoplcurophora Schmitz 696, 709
Chaetopsis Loew 800, 802,806
Chaetosa Coquillett 19, 1089,1095
Chaetosciara Frey 250, 255
Chaetostigmoptera Townsend 1220,1233, I 240
Chaetostomella Hendel 818, 825
chaetotaxy 10, 26, 26, 21

Chaetovoria Villeneuve I 222, l25l
chagnoni (Johnson) (Pyrgotella) 814. 81J
Chalarinae 745
Chalarus Walkcr 746, 747,148
Chalcosyrphus Curran 718, 7 25, 7 33.'731
chalonensis Nowell (Meringodixa) 331, JJ2, 333
Chamaebosca Speiser 1462
Chamaecelyphus Frey 1447
Chamaelauxania Hcnnig 1446
Chamaemyia Meigen 965, 967, 1 448, 1 449
Chamaemyiidae 3, 35, 37, 38, 55. 102, 109, ll5. ll9, 142.

917,965, 1012,1406,1424,1428, r443, 1441. I416 50,
1476,1504

Chamaemyiinae 966, 967, | 44'7 -49
Chamaemyiini 967, 1446, 1419
Chamaesyrphus Mik 7 24, 131
Chaoboridae 2, 12, 20,25, 58, 73, 71 ,82,83.93. I 06, I 27.

1340 42, l 358-60, \362-66, 11t3
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Chiricahuia Townsend I 242,1257
Chilomyza Wiedenann l,il I

Chiromyzinae 498,500,509, 1377 79, 1383, 1415. l4l6
Chironomidac 2, D. 16,70,24 26,33, 35 37, 51, 53, 56, 58, 70, 71,

13,1'7,19,8 1 83. 86, 93. 95, I 06, t22. 123, t71 , 191, 206, 423,
480, 1029, 1331, 1335, 1340, 1341. 1359, 1360. 1361, 1362 66,
1413, 1414

Chironomidca 1359, 1366
Chironominae D3 26, 427, 437, 155
Chironomini 426, 421 . 437
Chironomoidea 2, 32. 68, 1336, 1339, I359, 1360, 1363, 1364. I366
Chironomus Mcigen I9, 40, 423, 426, 429, 130, 431. 432, 439, 440.

442. 449. 450. 45 r, 454, t316
Chironomyzinae l4l7
C h i ropt erontl'za F rey | 485
Chiropteromyzidac l.{79, 148 I,1485, 1504

Chirosia Rondani 1102
Chlorohystricia Townsend 1202, I 245
Chloromyia Duncan 505
Chloropidae 3, 33, 35, 14, I 03, I I 6, I I 9, 124, 144, 116, 147, 619,

840,900.904.9t7.1049, 1070, 1072, 1075, 1413, 1457, 1468-70,
1412 78. r480, 1486, 1501

Chloropiformes 1,168

Chloropina Rondani 1470, 1.178

Chloropinae 1050, 1051, 1478

Chloropoidea 1168
Chloropoidea 1468 70, I,184
Chloroprocta Wulp 1136, /139
Chlorops Meigen 103. I 16. I 18.119. 1049.1050, /0J6, 1057, 1059,

I 062. 7066, 1118
C'hlorop.r Meigen 1478
Chlorotabanus Lutz 465, 171, 414, 415, 476
Cholonl-ia Bigot 1265

Chonocephalus Wandolleck I 23, 693, 698, 707, 708, 7ll
chordotonal organ 33

choricus Wheeler (Chrysotus) 636, 637

Choristidae 134-5

Chromatocera Townscnd I 220
chromelocytc ccll (L) 79

Chromatornyia Hardl' 1372, 878
Chromolepida Colc 5 17, 522
Chrysagria Townsend 1763, I 167

Chrysanthrax Osten Sacken J9J, 601
Chr;'sochlorina James 499, 503
Chrlsochlorinac 503
chrysocoma (Osten Sacken) (Goniops) 466, 467, 169, 470, 473
Chrysoexorista Townsend I 201. 12(16

Chrysogaster Meigcn 86, 1 16.'7 17, 724, 731.'732
Chrysomya Robineau-Dcsvoidy I 135, I 136

Chrysomyiinac 1136, I499
Chrysomyiini I 135, 1136
Chrysomyza Fallln 806
Chrysopilus Macquart 68, 483, 484, 485. 486, 487, 1373, 1379, l38l
Chrysopinae l4l5
Chrysops Meigcn 4/, 86, 107, 464, 465, 166, 467, 468, 469. 170, 470,

411.473,414,415
Chrl,soPsinac 464, 165. 166
Chrysopsini 465,468
Chrysosoma Gu6rin-M6ncville 628
Chrysosomidia Curran 736
Chrysotachina Brauer & Bergensl.amm l200,1202. I237
Chrysotimus 63,1

Chrysotoxum Mcigcn 7l 5.718.7 19,7l5
Chrysotus Meigcn 18. 625, 628, 629,632.636,631
Chr.vsozona 1l1
Chylisinae 1434
Chyliza Fallcn 782,783. 1434
Chylizinae 782
Chymomyza Czerny I l(), 121, 111, 101 3. 101 5,1017, 1490

Chyromya Robincau-Desvoidy //3, 985. 986. 987, 1483

Ch1'romyidae 3, 109, 1 13, l l5, 1 11, 122, 125,985, 1480, l4UI. l'183'
1484,1504

cibarial bar (L) 68

| 43. 897
t46tt.

115

Chaoborinae 336, 339
Chaoborus Lichtenstein 83, 9J, JJJ, 336, 337.337. JJ8, 338. 339

I 363
Charadrodromia Melandcr 610
Charlarinae 746
Chasmatonotus Loew 428, 4 30, 454
cheek 10

cheek groove 15

cheek, true l5
Cheilosia Meigen 716 18, 724, 726, 731, 732
Cheilotrichia Rossi 158, 176
Cheirocerus Parent 625
Chelifera Macquart 609, 612, 61 3, 621, 622, 623
Chelipoda Macquart 612
Chelipodini 612
Chelisia Rondani 1099,1102. I 105

Chelisiini ll02
chelonei Spencer (Phytomyza) I 3 l, 876
chemoreceptor 36
Chernovskiia Saether 438
Chersodromia Walker 124, 610
Chesippus Reinhard 1206
chetifer (Walker) (Hercostomus) 630
Chctogena Rondani 1 209, 1221, 1 240
Chctostoma Rondani 825
Chiastocheta Pokorny 1102. I 103
Chilomyia Shannon'731
Chilophaga Gagn6 280
Chionca Dalman 28, 154, 178, I79, 188
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cibarial pump 15, 19
cibarium (L) 66, 73, 76
c ibariu m-p hary nx ( L) 7 3, 7 6
ciliata (Fabricius) (Psorophora) 343, 314
ciliata Robinson (Enlinia) 627
ciliata Winnertz (Anatella) 2J3
cilipes (Haliday) (Azelta) I l l9
cimbicis (Townsend) (Boettcheria) / 184
cirniciforme Loew (Notogramma) 802
cincla (Fabricius) (Sylvicola) 1 357
cincta (Felt) (Silvestrina) 283
cincta (Johannsen) (Saigusaia) 226. 232, 239
crncta (Loew) (Spaziphora) 1095
cincta Olivier (Odontomyia) 499, 506, 507, 508, 509
cincta Townsend (Miamimf ia) 1239
cinctella (Zctterstedt) (Meliscaeva) 120, 7 30
cinclicornis Walkcr (Chrysops) 41, 467, 169, 470, 47 3
cinctipes (Coquillett) (Mochlonyx) JJ7
cincturus (Coquillctt) (Oligodranes) 594
cinctus (Osten Sacken) (Euparyphus) 499
Cinderella Steyskal I 09, 121, 91 5, 978
cineracea (Coquillett) (Neodeceia) 9JJ, 958
cinerea (Cole) (Brachylinga) 5 I 5, 5 l6
cinerea (Coquillett) (Athrycia) 1 219, 1250
cinerea (Locw) (Olcella) 1054, 1061
cinerea (Townsend) (Estheria) 1 219, I 241, 1241
cinerea Banks (Psychoda) 294
cincrca Jones (Ephydra) 1028, I029, 1044
cinerea Macquart (Lestremia) 260,264, 265
cinerea Meigen (Bolitophila) 229
cinerea Townscnd (Meigenielloides) 1233
cinereiventris (Zetterstedt) (Lophosceles) 1120
cinercus Meigen (Aedes) 345
cingarus (Aldrich) (Oxysarcodexia) I 164, I 167
cingulatus Schiner (Merosargus) 499
Cinochira Zetterstedt 1259, 1263
Circia Malloch 1102
circumfilum, circumfila l6
circumvcrsion, male terminalia 56
Cirillia Rondani I 188, I 189
Cirrula Cresson 1028, 1029, 1037,1044
Cistogaster LatreiLle 1259
cistudinis (Aldrich) (Cistudinomyia) 1 163
Cistudinomyia Townsend ll6l, t163
Citrago Schmitz 691 , 696, 101
citreifrons (Malloch) (Mallochomyza) 959, 96 1, 963
Clirdochaeta Coquillett 1012, 1016, 1017
Clirdopelma Kieffer 438, 439, 442
Cladotanytarsus Kieffer 444
Cladura Osten Sacken 174, 188
Clairvillia Robineau-Desvoidy I 259, 1263
Clanoneurum Becker 1029, 1033, 1040
claripennis (Reinhard) (Gymnophryxe) 1 208, 1214
claripennis Malloch (Palloprera) I 18, 119,842
claripennis Melander (Prorates) 594
Clasiopella Hendel 1028, 1032, 1036
clasper 45
claspette 5l
Claspettomyia Grover 27 I,273
classification of Diptera 2,1334,1373, 1504
Clastoneuriopsis Reinhard 1221, I 230, 1260
claterna Reinhard (lmpeccantia) 1 231, 1266
clathrata (Loew) (Paroxyna) 824
clauda Pritchard (Wasmanniella) 264, 265,266
clausa (Osten Sacken) (Trichopsidea) 587,588
cfausa Brauer & Bergenstamm (Oestrophasia) 1217,1242
clausa Coquillett (Empis) 20
Clausicelfa Rondani I 229, I 234,1264
clausus Coquillett (Keroplatus) 225
clavata (Loew) (Dixclla) 332,333
clavator Painter (Apiocera) 543
clavatus (Drury) (Mydas) 533, 534, 536, 537.5J8, I 387
clavatus (Fabricius) (Pscudodoros) 7 I 9,121

I 533

clavipes (Fabricius) (Bittacomorpha) J2J. 326, 327,13't3. | 355
clavipes (Fabricius) (Ropalomera) 942
clavipes (Loew) (Ectaetia) 3 I 7

claw 36
cla.vtonac Whcclcr & Takada (Mycodrosophilt) 1013
clclia Ostcn Sacken (Stonyx) 600
Clemelis Robineau-Desvoidy I 208, I 2l 0, 121 I
clemonsi Townsend (Spathidcxia) 1252
Cleonice Robineau-Desvotdy 1 34. 1 195, 1201, 1 230, 1 238. 1262
Cle-sthentia White I 386
Climacura Howard, Dyar, & Knab 349
Clinoccra Mcigcn 608. 609, 61 5, 6l'7, 621, 622. 623
Clinocerinae 608, 609, 613, 61 5, I 389
Clinoccroidcs Hcndcl 1093
Clinocladius Sublette 4,17

Clinodiplosis Kicffer 2J8, 259, 268, 27 5, 282. 283
Clinohclca Kteffer 404, 4 I 2, 414
Clinotanypus Kiefler 433
Cliopisa Enderlein 235
clistoidcs (Townsend) (Gnadochaeta) 1226
Clistonorpha 1260
Clistomorpha Townscnd I 260
Clitcllariinac 500, 503, 505, 509, 510. l4l I

Clitellariini 504, 505, 509
Cloacina Rcinhard 1214
Clunio Haliday \22, 128, 444
clunipcs (Mcigen) (Spelobia) 991,997, 1001
Clusia Haliday 19, 145.85J,8J5, BJ6,857
Clusiidae 3, 14,86, 102. I 10, I 14, 1 15, 121,114,145.8i53,861,866,

81 1. 1429, 1451. 1456, t457, 146t, t462, 1411, t504
Clusiinac 857, 1457
Clusiodes Coquillett I 10,114. 120.121.853.854,855, 857
Clusiodinae 857, 1457
Clusioinea 1454, 1456 58, 1504
Cluzobra Edwards 23 I, 237
t'lypeal phragma (L) 15
clypeoJrontal phragma (L) 75

clypeolabral articulation l5
clypeolabral membranc l9
clypcolabral suture 18, l9
clypeolabral suture (L) 70
clypcus 10, 14, 15. 18. l9
clypeus (L) 70
clytocerus Eaton 299
Cncmodon Egger 731
Cnemospathidae 1.179, 1481. 1485, 1504
C nemos pathis E nder le i n 1 485
Cnephia Enderlein 17,93, 106, 361, 365, 366,310,376, 384, J8J,

J86, J8Z, 388
Cnodacophora Cz.erny 7 6 2, 7 61, 7 65
Cobboldia Brauer ll50
Cobergius Barnes 1451

Coboldia Melander 94, 314,J1J, 316, 317, 319
coccidclla Townsend (Eumasicera) 1232. 1256
coccidivora (Felt) (Olcsicoccus) 277
Coccidomyia I:elt 279
cocciphila (Coquillctt) (Syneura) 692, 698,'704
Coccopsis de Meijere 272
Cochisemyia Reinhard I 25.1

Cochliomyia Townscnd I 135, 1136, I I 37. 1 I 39
Cochliomyiini I 135

cockerellae (Aldrich) (Pierrctia) 1169, I 171
Cockerelliana Townsend l 222, l25l
cocklci Townsend (Arabiopsis) 1 180,1182
coeca NiLzsch (Braula) I 20, 121, 122, 1 23, I 39. 9l l. 91 5, 916. 911,

\171
Coelonl,i a H ali day 1 1 18

Coclomyia Haliday l 124
Coelopa Meigen 11J. 143, I 45. 919, 920, 921, 922, 1450
Coelopella Malloch 922, l.+50
Coelophthinia Edwards 23 l. 238
Coeloprdae 3,36,85, I 13. I 14, 14.+, 1.15.919, 1075, l4Cr0. 1,115,

1445,1449 54, 1480, r.504
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Coelopina Malloch 919, 920, 922, 1150
Coelopinae 1450
Coelosia Winnertz 228, 231,239
Coelotanypodini 433
Coelotanypus Kieffer 433
Coenia Robineau-Desvoidy 1045
Coenomyia Latreille 28, 66, 484, 489, 490, 49 I , 492, I 375, I 376
Coenomyiidae 460, 484
Coenomyiidae 137 5, 137 6

Coenomyiinae 490
Coenomyiodes Brunetti I 377
Coenosia Meigen 1 116, l ll8, 1 1 20, 1 123,1125. 1126
Coenosiinae I I 16, 1 I l7
Coenosopsia Malloch 105, I 100, 1102
Colcondamyia Reinhard 1161, 1163, I I 64
colei Alexander (Trichocera) 303
colei Sabrosky (Ogcodes) 529
colemani Wirth (Forcipomyia) 415
Cof eomyia Wilcox & Martin 107, 560,568
Coleophasia Townsend 1250
coleoptrata (Scopoli) (Stegana) 1013
collaris Loew (Psi\a) 781,783
collarti Hennig (Protanthomyza) 1462
collessi D. K. McAlpine (Heleomicra) 148 I

colLeterial gland 38

Collinella Duda 997
collini Carpenter & Hull (Protonephrocerus) 746
Colobaea Zetterstedt 92'7, 928, 929, 930, 93 l, 93'7

Coloboneura Melander 610
Colobostema Enderlein 313, 3 I 4, 316, 317. 318
Colomyia Kieffer 212
Colonomyia Colless 250
coloradense Garrett (Anorostoma) 97 6

coloradensis (Aldrich) (Servaisia) 1184
coloradensis Pennak (Deuterophlebia) I 3218

Coloradomyia Arnaud 1257
colorata Walker (Drosophila) 19, 110, I0l3
coloration (L) 79
columbiae (Dyar & Knab) (Psorophora) 343
columbiana Alexander (Trichocera) 39
comans Sabrosky (Pholeomyia) 904
Comantella Curran 557
Comasarcophaga Hall I 160, I 165,1168, I 170, I 177
Comasarcophagini 1163
comastes Williston (Apatolestes) 466
combustus Loew (Saropogon) 565
comma (Wiedemann) (Eurosta) 822
Commoptera Brues 12J, 698, 707, 110
communis (De Geer) (Aedes) ,t361
completinervis Hennig (Glacsoncodes) 582
complexa Osten Sacken (Teucholabis) 173
compound eye 10, 12
compressiceps Borgmeier (Lecanocerus) 98, 69 1, 697, 703
Compsilura Bouch6 1224
Compsobata Czerny I 4 5, 7 6 2, 7 64, 1 65, 766
Comstock Needham system 29
comstocki (Kellogg) (Agathon) 191, 196
comstocki (Williston) (Acantholespesia) l2l I

comstocki Townsend (Eulasiona) 1209
comstocki Wheeler (Vermileo) 529, 531

Conarete Pritchard 92,264. 265,266, 268, 270
Conchapelopia Fittkau 4J1, 434
concinna (Meigen) (Probezzia) 40, 4 1 3, 4 17
concinna (Williston) (Suragina) 181, 482
concinnata (Meigen) (Compsilura) I 224
concolor (Malloch) (Gymnochiromyia) 109, 986
condecens Reinhard (E,rynnia) /205
Condylostylus Bigot 20, 2 1, 625, 628
conflucns Loew (Hydromyza) 1 089, 1093
confusa Aldrich (Masiphya) 1232
conica (Malloch) (Rhyncophoromyie) 692
Coniceps Loew 833, BJJ,836
Conicera Meigen /9, 690, 693, 697, 699, 101, 102, 709
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Coniceromyia Borgmeicr 690, 699, 701
conicola (Greene) (Hapleginclla) 1 053, 1 057, 1060

Conioscinella Duda 124. 1051, 1064
conjunctival rnembrane l0
connective, t-ransversel of trachea (L) 82
connexa Boheman (Platypezina) 1401

Conophorus Meigen 592, 593
Conopidac 3, 16, 32. 35,11, 102. 105, l l l, 131. 132,'749,751, 1413,

1415, 1425, 1429,1436 38, 1504, 1505

Conopiformes 1468
Conopinac 1 49. 1 50, 751, 756, 1438

Conopini 1 49, 751
Conopoidca 3. 1429, 1436, 1 437, 1501, 1505

Conops Linnacus 753, 754
consobrina Zetlerstcdt (Platypeza) 98, 685
consobrinus (Holmgrcn) (Orthocladius) 429, 430, 43 I, 432

constans (Locw) (Hoplitimyit') 18, 499
constrictor (Malloch) (Paraprosalpia) I 107, I 1 l0
Contarinia Rondani 259, 262, 267, 268, 274, 283, 281, 286. l35l
contributors, list of and contributions 4 6

convexa Cole (Acrocera) 576, 578

cooleyi (Seamans) (Lejops) 7 26, 1 4l
coomani S6guy (Stenoxcnus) 406. 4 1 2, 4 I 5

Copccrypta Torvnsend I 2 I 9. 1239
Copestylum Macquart 116 18,73'7
Cophura Ostcn Sacken 550, 554, 555, J58, 559
copiosus Root & Hollman (Culicoidcs) 402,107
Coproica Rondani 995, 996, 998
Copromyza Fall6n 37, 996,998,1004
Copromlzinae 994, 995, 1484

topulatory organ 31

coptLlatory posrtion -52

coquilletti (Aldrich) (Cyrtophlcba) 1222
coquillctti (Hendel) (Physoclypeus) SJ5, 958

coqrrilletti (Williston) (Dideomima) 723, 7 27

coquilletti Cresson (Ceropsilopa) 1032
Coquillettidia Dyar 342,346, 349

Coquillettomyia F elt 27 5, 282
coqulus Garrett (Symmerus) 244
coracina (Zettcrstedt) (Phaenopscctra) 4J2
coraxa (Kessel) (Paraplatypeza) 685
cord 154
cordata Lundstrom (Phronia) 233
Cordilura Fall6n /9, 1086. 1087, 1088. 1089,1090,1091.1092
Cordiluridae 1484
Cordilurina Jamcs 1090, 1091, 1092
Cordyla Meigen 106, 221, 225, 778. 214
Cordyligaster Macquart 1249

Cordylodiplosis Gagn6 289
Cordylomyia Felt 260,263,264, 265
Cordylurella Malloch 1095
Corethrella Coquillett 336, 337, 337, 338, 1363. 1366

Corethrellidac 1340 42, 1350, I359, 1360, 1362 66

Corethrellinae 335, 336, 338, 339

Corinthomyia Fclt 260,263, 264, 265
cornea I 2

cornicina (Fabricius) (Neomyia) 1121, I 122

cornu, cornua (L) 75
cornuale Reinhard (Crocinosoma) I 229, 1265

cornuta (Bigot) (Dohrniphora) I 37, 690, 697, 699. 709

coronal suture lL) 66
coronata (Loew) (Pelomyia) 1 076, 1 077
Coronimyia Townsend 1264

corpotcntorium l2
corrigiolata Linnaeus (Micropcza) 763

corticalis (Loew) (Pseudotephritis) I 45, 804
torticis group'796
corticis Taylor (Lonchaea) I 15, 794

corvina Malloch (Paralcucopis) l 02. 109, 968. 969
Corynoccra Zetterstcdt 4 29, 443
Corynoneura Winnertz 421, 428, 4 3 l, 445
Corynoptera Winncrtz 252, 253,255
corynorhini (Ferris) (Basilia) 1 31, 1 284



INDEX

corynorhini Cockerell (Trichobius) I 17, 1 293, 1291
Cosmariomyia Ker t6,sz, 499, 500
Cosmetopus Becker I 09 l, 1094
costa 28, 29
costagial break 32
costagium 32
costal break 32
costal cell 32
costal margin 28
costaL plate 28
costalis (Curran) (Xeniconeura) 955, 957, 958
costata (Loew) (Elachiptera) 1 056, 1 059
cothurnatus Bigot (Microdon) 7 27, 7 3 3
coupling 56
coupling position, initial 56
courtship 56
coxa, coxae 35
coxal process 35
coxalis (Loew) (Macrorrhyncha) 229
coxata (Stenhammar) (Leptocera) 998
coxata Ferris (Nycterophilia) 1299
coxendix (Fitch) (Apallates) l06l
coxif'er 35
coxopleural streak 28
coylcsi Spencer (Phytobia) 877
Cramptomyiinae l35l
Cramptonomyia Alexander 51, 58, 82, 91, 92, 96. 2t 3, Zl4, 2 t 5,

1 343
()ramptonomyiidae 216
Cramptonomyiidae 1 336, I 350
Cramptonomyiinae 2l 6, I 35 I
cranium (L) 65,66
Craspcdochoeta Macquart I 109, 1l t2
crassata Carretl (Pseudoleria) 975
crassicornis (Greene) (Glabellda) 97, 594
crassicornis (Stannius) (Stigmaromeria) 225. 241
crassimana group (Limosina) 1003
crassinervis (Walton) (Chaetostigmoptera) I 240
crassipalpis (Macquart) (Liopygia) I 176
crassipes (Meigen) (Rhaphium) 628, 629
crassiseta (Aldrich & Webber) (Prooppia) 1207
crassispinosa Wood (Policheta) I 2 I7
crebra Pritchard (Conarete) 264, 265, 268, 270
creeping welt (L) 80,81
Cremersia Schmitz 697, 700,703, 709
Cremifania Czerny 55, 102, 1t5,966, 1443, 1146, t448, 1449
Cremifaniidae 1450, 1504
Cremifaniinae 966, 1444, 1441 50, 1452
crepuscularis (Bequaert) (Chlorotabanus\ 41 |, 476
crepuscularis Malloch (Culicoides) 415
cressoni (Fisher) (Heteropterna) 235
Cressonomyia Arnaud 10J2, 1036
Cretaphormia McAlpine l4l8
Cretonomyia McAlpine l4l8
cribellum (Loew) (Pseudotephritina) 802
cribellum (Loew) (Pseudotephritis) 102
cribrata (Stenhammar) (Scatophila) 1040
Cricotopus Wulp 446, 448, 452
criddlei Curran (Cordilura) 1088
crinita Martin (Leptogaster) 557
Crinophleba Borgmeier 690, 696, 699
Crinurina Karl ll06
Crioprora Osten Sacken 725,136
Criorhina Meigen 736
crocata Reinhard (Macromya) 1202, 1234
crochet 8 I

Crocinosoma Reinhard I 229, 1265
Crossopalpus Bigot 6l I, 612
crossvein bm-cu 31,32
crossvein dm-cu 33
crossvein h 29,3l
crossvein m-cu 31,32
crossvein m-m 32, 33
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crossvein M2-M3 32
crossvein r-m 32
crossvein r-s 30,32
crossvcin sc-r 3l
crossvein ta 32
crossvein tb 32
crossvein tp 33

crossveins J0, 3l
crozetensis (Womersley) (Crozctia) 358, 1360
Crozetia L. Davies 358, 1360
cruciatus (Say) (Ceraturgus) 563
Crumomyia Macquart 995, 997, 998, 1004
cruscula Saether (Lenziella) 132, 143
Cryptochetidac 3, 16,37, 105, I 16, 135, 136, 1069, 1406, 1468,70,

t474 18,1486, 1504
Cryptochetum Rondani I 16, 1 36, 1069. 1070. 1072, l4Ct6, 1476-78
Crl,ptochironomus Kieffer 438, 4 39
Cryptocladopelma 438
Cryptolabis Osten Sacken I 54, I 56, 173,175, 185
Cryptomeigenia Brauer & Bergenstamm 1198, 1209,12"25
Cryptotendipcs Lenz 438, 4 39
CryDlotreta Blanc & Footc 829
ctenidial spinc 35
ctenidium, ctenidia 35
Ctenodactylomyia Felt 281

Ctenophora Meigen /2, 154, 156, 157,159,180,182
Ct 28 , 29, 30
CuA J0, 3l
CuA1, CuA2 3l
cubital fork 3l
cubitus 28, 29
Cucullomyia Roback 1169
Culex Lrnnaeus 20, 21, 342, 343. 344. 346, 347, 349, 1346
Culicella Felt 349
Culicidae 2, 12, 15, 1 6, I 9, 20, 33, 36 38, 44, 47, 5), 55, 58, 68, 70,

71,73,11.79, 80, 82, 83, 85, 86, 92, 93, I06, 127, 33tJ,335, 341,
621,1334,1335, 1340 42,1345, I350, t359, 1360, t_161,1362-66.
1408,1410, l4l3

Culicidea 1359
culiciformis (Linnaeus) (Procladius) 4J5
Culicinae 342, 346, 1334
Culicini 342,346
Culicoidea 2,1336,1339, 1341, 1354, 1359, 1360, 1362 64,1366
Culicoidcs Latreille 93, 106, 393, 394, 395, 400, 402, 405, 407, 41 5,

418,4t9,1363, 1366
Culicoidini 403
culicoidithorax Holfman (Ccratopogon) 402
Culicomorpha 2, 16, 20, 25, 71, 32, 36, 40, 51, 68, 13, 79, I334, 1335,

1331, 1339,41, 1352, 1354, 1356, 1358 60, r363, 1365, 1366
Culisela Felt 344, 345, 347, 318, 349
culta (Wicdcmann) (Paracantha) 82J
cultriger Kieffer (Diplocladius) 445, 452
cuneatus (Towncs) (Demicryptochironomus) 4J9
cuncifbrm, of aedeagal apodeme 53

CuP J0, 3l
Cuphoc:era M at'quart 1239
cuprarius (Linnacus) (Sargus) 502,506, 507
cuprinus Wiedemann (Dolichopus) 9B, 1 07, 625, 628, 629, 630
currani (Walley) (ConchapeJopia) 431
currani Hardy (Phyllomydas) 107, 534, 536.537
currani Kessel (Metaclythia) 683, 681
currani Van Duzee (Argyra) 628,629
Curranops Harriot 801, 805
curta (.lohannsen) (Coelophthinia) 23 1, 238
curtilamellaLa (Malloch) (Harnischia) 4J9
curtistila Sacthcr (Heleniella) 445
Curtonotidae 3, I 15, 1 16, 144, 1007. 1025, 1030, 1428, 1486 91,

I 504
Curfonotum Macquart I 16,1007, 1008.1009.1467, 1488
curvicauda Ccrstdcker (Toxotrypana) 821, 822
curvipalpis Bigot (Heterostomus) I 376
curvipes (Wiedemann) (Lcjops) 733, 7 35, 738
curvipcs Latreille (Sphaeroccra) I I 3,993,996,997.998., 1002

216.
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Cuterebra Clark 1J5, I 147, ll18-50. I I 53, 1 I 55, 1156, 1157. I 199
Cuterebridae I 504
Cuterebrinac 132, 1149, I150, 1 152, 1 189, 1502
cuthbertsoni Duda (Curtonotum) 1009
cuticle l0
cuticle (L) 79
cuticular outgrowth (L) 80
Cyamops Melander 892, 893, 1461, 1463 65, 1461
cyaneiventris (Wulp) (Chlorohystricia) 1207, I 245
cyaneiventris Kert6sz (Tachinisca) 1442
Cyanus Hall lI44
Cyclopodia Kolenati 1283, 1285
Cyclopodiinae I 289
Cyclorrhapha 56, 679, 1376, I 504
Cyclorrhapha | 334, I 373, l39l, 1397 , 1401
cyt:lorrhaphous Brachycera 9, 1 2, 89
Cyclotelus Walker J15, 517, 518, 520,522
cylindrica (De Geer) (Leptogaster) 556, 565
cylindrica (Stein) (Eutrichora) I 101
cyfindrica Say (Loxoccra) 115,783
Cylindromyia Mergen I196, 1259
Cylindrotoma Macquart 156, 161 , 165, 179
Cylindrotomidae 1339, 13.11, 1342
Cylindrotominae 79, 80, 154, 156, 158, 159, 179. 1341, 1318
Cylleniinae 590
Cynomya Robineau-Desvoidy 1 134, 1 1 37, 1 1 39, 1 1 43, 1111
Cynomyopsis Townsend 142
Cynorhinella Curran 72J, 727, 132, 7 3J,'734, 737
Cypelosomatidae 143 I

Cyphomella Saether 438
Cyphomyia Wiedemann 502, 505, 506, 5rZ. 510
cypris (Mcigcn) (Chrysanthrar) 595
Cypselidae I 483
cypseloides Townsend (Anthomyiopsis) I 212, 1265
Cypselosoma Hendel 758, 160,1432
Cypselosomatidae 3, 109, 121, 141 ,757. 1130. 1432. 1.160. i ,i0.+
Cypsclosomatinae 757, 758, 760, 1132
Cypselosomatites Hcnnig 760, 1430. 1432
Cyrtona S6guy 1009, 1488
Cyrtoneurina Macquart I 1 17

Cyrtoncurininac l1l7
Cyrtonotinae 1009, 1488
Cyrtonotum Agassiz | 488
Cyrtophleba Rondani I 222, 1250
Cyrtopogon Loew 555, J6J,568
Cyrtosiidae 1384
Cyrtosiinae 596
Cystiphora Kieffer 290
Cythereinae 596
Cyzenis Robineau-Desvotdy 1210, I 2 38
Czerniola Bezzi \162

Dacinae 821,144]r
dacotensis (Dyar & Shannon) (Cnephia) 17,93, 106.361,365.366,

384, J85, 386, 387
dacolensis Townsend (Euscopolia) /222
Dactylolabis Osten Sacken l7l, 179, 186
Dacus Fabricius 821, 8 2 2
daeckei Johnson (Nephrocerus) 247
Dahlimosina RohdCek 1002
dakotcnsis Townsend (Euscopolia) I 25 I

Dalmannia Robineau-Desvoidy 750, 1 5\, 7 5 2, 7 5 3, 7 54, 7 5 5, 7 56
Dalmanniinae 1 49 51, 754, 756, 1438
daltoni S6guy (Syllegomydas) 536, 537
Damalini 550, 555, 561
damnosurn Theobald (Simulium) 360
Dasineura Rondani 258, 259, 268, 277, 278, 29(l
Dasiopinae 795, 1439
Dasiops Rondani 53, 1 09, 792, 793, 794, 195. 1406, 1,13v
Dasycoelopa Malloch | 450
Dasyhelea Kieffer 17, Ul, 394, 395,402,4O3.409,415,419
Dasyheleinae 393 95, 403
Dasylechia Williston 569
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DasymolophiJus Goctghebucr 175
Dasyomma Macquart l38l
Dasyopa Malloch 1054, 1064
Dasypogoninae 58, 549 55

Da.rypogonini 550
dasyprocta (Loew) (Okcniella) 1 092, 109a
Dasyrhicnoessa Hcndel 1075, 1472. 1413
Dasysciomy'za Barncs lz15 I

Dasysyrphus Enderlein 722
dauci (Meigen) (Conicera) 1 9, 690, 693, 102
davisi Felt (FeltieJla) 268
davisii (Walton) (Phytom"vza) 878
debife (Townsend) (Pseudopachystylum) | 252, 1251
dcbilis l-oerv (Elliponeura) 1057
debilis Loew (Philygtia) /0J-i
Decachaetophora Dtd,a 947, 918, 949
decedens (Walker) (Macropelopia)'134
Dsccia Malloch 958
decemarticulatum (Trvinn) (Prosimulium) 40,362, 363, 368, 371
decemmaculatus (Ostcn Sacken) (Glariopsis) 504
decipiens Hutson (Sl,nneuron) 94, 106, 321,322, J23.324
dccipicns Loerv (Paralimina) I0l5
declinata Beckcr (Anthracophaga) I 066
decora (Loew) (Poecilographa) 910, 93 I
decora Macquart (Somula) 225
decoratus (Holrngrcn) (Orthocladius) 428. 118
decorum Walker (Sirnulium) J61, J8J
dccorus de Meijcre (Nothy'bus) 1435
dcfecta (Winnertz) (Anaretella) 2.64, 265
dcgccrioides (Coquillett) (Admontia) I 216, I 24J
Deinoccrites Theobald 342, 113, 346, 347, 319
Dejeaniopalpus Torvnscnd | 264
delcta (Stein) (Phaonia) 1/2J
deleta (Wulp) (Abapa) 1114. I 177
dcleta Novak (Pty'choptcra) 326
Dclia Robincau-Desvoid1 ll03.1101.1110, llll, ll12, ll13, tl14
Delina Robineau-Dcsvoidy 1096
Dclininae 1086. 1087
dclongi Johnson (Mixogaster) 7J0
Delphinia Robincau-Desvoidy 800, 80J. 805
delta (Hinc) (Esenbcckia) 95, 166, 469, 47 3

demandata (Fabricius) (Physiphora) 800
demctrius D. K. McAlpinc (Librella) 1012, 1416, 1118
Dernicryptochironomus Lenz 438, I 39
Dcmoticus Macquart I264
denaria (Davies, Pcterson & Wood) (Greniera) 370, lE8
Dendrolirnnophila Alexandcr 172
Dendrophaonia Malloch /46
Dendrophaonia Malloch I | 18, I 127

dcnningi Pritchard (Cordylomyia) 260, 264, 265
dental sclcrite (L) 76
denLata (Coquillctt) (Ceracia) | 31, 1218. I 23 I
dentata Felt (Coquillcttomyia) 22.5

Dentillbula Felt 287
dentitarsus (Macquarl) (Mitrodetus) 536, 531

dentolatcns Saethcr (Ph1'coidclla) 4-5'1

Dcopalpus Torvnsend 1239
depressa (Sa1') (Lipoptenl 1274
dcpressa pacillca Maur (Lipoptena) 1275. 1278
dcpressus (Shannon) (Chalcosyrphus) 7 25, 134
derisa (Reinhard) (Picconia) 1 2 1 6. 1233
derivatum Walkcr (Chrysotoxum) Z/ 9
Dermatobia Braucr I 150
Dcrotanypus Roback 434
Desmatoml-ia Williston 596, 5q7
Desmatoncura Wiiliston 599
Dcsmometopa Loew 11J, 141,903.904,905. 907. l4'11
Dcsmomyia Brunetti 1379
dcstruclor (Say) (Mayctiola) 26,9

Dcttopsourlria Lamb 1012
Deuterophlcbia Edwards 3'7, 9 1, 199. 201. 202, 1348
Deuterophlcbiidae 2, 25, 28. 32. 73, 77, 8 l, 83, 90. 9 l, I 26, 199,

1333, 1339, 1341, 1344 48. 1353, t351, t372.1114
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Deu terophlebioidea 2, 206
Deuterophlebiomorpha I 336
Deutominettia Hendel 959, 961,964
devians Hennig (Silba) 7q5
Dexia Meigen 1201,1248
Dexiinae 1193, 1196, 1200, 1201, 1221, 1502
Dexiini | 189, 1194, 1197 99
dexina (Townsend) (Belida) 12J4
Dexosarcophaga Townsend 1163, I 170
diabroticae (Shimer) (Celatoria) I 2 16, 1 255
Diachlorini 465,4'71
Diachlorus Oslen Sacken 465, 467, 469, 471, 41 4. 4i 6
Diacrita Gerstricker 807
Diadiplosis Felt 281
Diadocidia Ruthe 58, 83,226, 229,235, 242
Diadocidiidae 1350
Diadocidiinae 226, 235, 1 35 1, 1 353
'diagonal vein' 98
Dialincura Rondani 519
Diallactini 269
Dialysis Walker 99, 484, 489, 490, 491 , 1375, 1382
Dialysis Walker 1375
Diamesa Meigen 430, 431,453, 1361
Diamesinae 424, 426, 427, 436, 455, 456
Diaphorus Meigen 625, 631,636,637
Diarthronomyia Felt 290
Diastata Meigen 10J, I 10, I 16, 1019, 1020, t02t ,1022,1030. 1490.

l49l
Diastatidae 3, 103, I 10, I 16, l2t,125,1009, 1019, I030, 1186 92.

l 501
Diazosma Bergroth 301, J02,303
Dicerura Kieffer 27 1,272
Dicerurini 269
Dichaeta Meigen 1035, 1039, 1040
Dichaetomyia Malloch I 498
Dichaetoneura Johnson 1263
Dichocera Williston 19, I 198, 1227, 1257,1261
Dichoglena Irwin & Lyneborg 521
dichoptic l2
dichroa Loew (Docosia) 232,242
Dichromyia Robineau-Desvoidy I 485
Diclasiopa Hendel 10-12, 1036
Dicolonus Loew 549, 563,564
Dicraeus Loew 1051, 1057,1060
Dicranoclista Bez,zi 595, 600
Dicranomyia Stephens 156, 168, 178
Dicranophragma Osten Sacken 172
Dicranoptycha Osten Sacken 156, 166,169, I 86
Dicranota Zetterstedt 81, 160, 1 66, 169, 170, 178, 182, 183

Dicrodiplosis Kieffer 281
Dicropaltum Martin 571
Dicrotcndipes Kjeffer 440, 442
Dictya Meigen 928, 934, 9 35, 936, 937
Dictyacium Steyskal 19, 930, 934
Dictyodipteromorpha I 336, I 345
Dicyphoma James J02, 505, 506, 507, 508,509, 5t0
Didactylomyia F elt 27 2, 211
Didea MacquarlT2l,727
Dideomima Vockeroth'123, 7 27
Dicuryneura James 498, 502,504
dfficilis Gill (Heleomyza) 975
diffusa (Snow) (Gymnocarena) 818
digitatus (Malloch) (Cryptochironomus) 4 39
diligcns (Osten Sacken) (Turbopsebius) 526
diligens Osten Sacken (Obscbrus) 582
Dilophus Meigen 85, 218, 219, 220,221, 22I , 222
Dimacrocolus Schlinger 577
Dimecoenia Cresson 1029, 1044
dimidiata (Loew) (Prionocera) t80
dimidiata (Meigen) (Rondania) 1 230, 1260
dimidiata (Meigen) (Rondaniella) 232, 210
Dinera Robineau-Desvoidy I 24 5, 1247
Diochanthrax Hall 601

| 53'7

Diochlistinac 537
Diocophora Borgmeier 692, 693, 703, 705, 106
Dioctria Meigen 55, 550-53, 555, 562, 563, 566
Dioctriini 562
Diogmitcs Loew 554, 557, 565

Diopsidac 3, 105, I 12. 141.785,1432 35, 1450, | 504

Diopsinae 1436
Diopsis Linnaeus 788
Diopsoidea 3, l9l, 192, 194,195,196,197,788, 1429, l,l3l,1432,

1433, 1435, 1438, r439, t450, t462, 1480, 148t, 1501, i505
Diopsoinea 1450
Diopsosoma Malloch 89{t, 1465
Diostracus [.oew 632
Diotrepha Ostcn Sacken I 66, 169, 186

Diotrcphes Reinhard 1206. 1 245
Dioxyna Frey 818, 829
Dipalta Osten Sacken 59J,600
Diphaomyia Vargas 405, 4/5
Diphuia Crqsson 10J4, 1038
Diplocladius Kiellcr 445, 452,456
Diplonevra Lioy 696, 699
Diplopolyneurornorpha I 336, I 345
Diplotoxa Loew 1056, I 057, 1064, 1065
Dirhiza l-oew 261,269. 278
Dirhizini 269
discal cell 32
discal mcdial ocll 33
discal medial-cubital crossvein 33
Discobola Ostcn Sacken 168
Discocerina Macquart 1028, 1029, 1031,1033, 1037
discolor (Cresson) (Lyciella) 959
Discomyza Mcigen 138, 1028, 1033
discrepans Pandel16 (Phyto) //9/
discreta (Meigen) (Pegohylemyia) I | 09
disjuncta (Wiedemann) (Microphthalma) I 223
disjuncta Van Duzee (Neurigona) 636,631
dispar Coquillett (Saropogon) 558
disparifrons Borgmcier (Diocophora) 692, 693, 705
disparilis Mclander (Leptopeza) 6l 9, 620
dispcllcns (Walker) (Brachypremna) 159, l6l
dissidens group (Apallates) 1052

dissimilis (Malloch) (Neorthacheta) 1096

di.rtad 9

distal 9

distal median platc 29

distally 9

disticall.'pter 29
Distichona \Nulp 1203. 1204
disticora 35
distigma Mcigen (Gitona) l0l2
distimere 45

distincta Williston (Neoascia) 227
distinctissirna americana Ostcn Sacken (Cylindrotoma) i 61

distiphallus 53, 54
di.rtistyle 45
distitarsus 36
Distosimuliurn Pctcrson 367, 368, 37 3

ditissa Wcbb (Hilarimorpha) 97, 603, 604
Ditornyia Winncrtz 224, 2 29, 235
Ditrtnyiidae 227
Ditomyiidae 1350
Ditomyiinac 83, I 26. 224,226 28,229, I 35 l, I 353

Ditrichophora Cresson 1038
divergcns Walker (Mycetobia) 94, 306, 308, J09, 3 10, 3l I

divcrsa (Coquillett) (Phasia) /2JZ
diversa (Giglio-Tos) (Neorhinotora) /0J, 108. 989, 990. 9'9 t, 992,

I 482
divcrsa (Johnson) (Platypezina) 684
diversipennis Borgmeier (Abaristophora) 690. 693. l0l
divisa (Mcigen) (Hydrophoria) 1103, 1101
Dixa Meigen 17,329.331,3J2. 333, 1361

Dirctpuella D),ar & Shannon 331
Dixella Dyar & Shannon 9J. 330,331, JJ2, 333
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Dixidae 2,16,20,58,8l 83, 93,121,194,329, 1334, 1340, 1341,
1350, r351, 1359, 1360, 1 36t, 1362-64, 1366, l4l3

Dixidea 1359
doanci (Kellogg) (Agathon) 195
doaneiana Alexander (Gonomyopsis) I 76
doclea (Walker) (Pogonortalis) 810
Docosia Winnertz 226, 227, 232,239,240, 242
Dohrniphora Dahl I 37, 690, 696, 697, 699, 709
Dolichocephala Macquart 608, 609, 614, 6 I 5, 6?.1

Dolichocodia Townsend 1248
Dolichodactyla Freemen 226
Dolichomyia Wiedemann 592, 593
Dolichopeza Curtis 28, 156, 159, 161,119, 180
Dolichopodidae 2, I 6, I 9, 20.32, 44.49, 51 56. 5E. 66. 67. 72. 71.

81,86,98, 101, 107, 124, r30,608,625, 1175, 1384. l38U 9i.
1397, 1399, 1405, r106, 1408, 1413, t111, t1l1

Dolichopus Latreille 35, 42, 49, 98, I 07. 625, 621, 628, 629. 630, 632,
635,637

Dolichosciara Tuomikoski 254
Dolichotarsus Brooks 1233, I 255,1266
domestica Linnaeus (Musca) 146, 499, 1 1 I 5, I 120, I 129
dominicana Townsend (Ormia) I217. I 231
Doros Meigen 721
dorsal 9

dorsal cornu (L) 75
dorsal labral sclerite (L) 70
dorsal plate, of head capsule (L) 66
dorsalis (Coquillett) (Craphogaster) /2J8
dorsalis (Coquillett) (Myiopharus) I 237
dorsalis (Loew) (Cerodontha) 8ZJ
dorsalis Hcndel (Dacus) 821, 822
dorsalis Loew (Schoenomyza) 1119
dorsalis Loew (Syndyas) 6/J
dorsalis Walker (Ctenophora) 159, 180
dorsata (Zetterstedt) (Pherbcllia) 933
dorsimacula Walker (Tipula) 34, I6l
dorsollexion 56
Doryclus Jaennicke 552
Dorylomorpha Acz6l 1 45, 717, 7 48
doryphorae (Riley) (Myiopharus) 1216
Doryphorophaga 1225
downesi Steffan (Plecopteracoluthus) 445
Drapetis Meigcn 608, 609, 6 I 1, 672, 620. 623
Drepanocercus Vockeroth 276, 23 1,239. 242
Drepanoglossa Townsend 1264
Drino Robineau-Desvoidy 1 208,1215, 1218, I 210
Dromogaster Vockeroth 1096
Drosophila Fall6n 19, I 10, I 16, 124, 138, 140, 608, l0l l, 1012. l0l 3,

r0t4, t01 5,1016, t017, r167, 1488, 1489
Drosophilida 1489
Drosophilidae 3,32,36,44,53,59,80, I 10, I 16, l2l, 124. 138, 140,

l4l, 143, 144,895,953, 1009, 1011, 1020, 1023. 1030, 1012, t161,
1468, 1476, 1471,1486 9r, 1504

Drosophilidea 1030, 1487, 1491
Drosophilides 1468
Drosophilina 1486
Drosophilinae 113, 1489, 1490
Drosophiloidea 91'1, 1443, 1468, 1411, l4'76, 1484. 1486. 1500
Drosophiloidea 1468, 1469, 1476
Drosophilomorphae I 468
Drymeia Meigen 1118, 1121, 1123,112'7
Drymodesmyia Y ar gas 405, 407
Dryodromia Rondani I 390
Dryomyza Fall6n /08, 923,924,925.926, 1451
Dryomyzidae 3. 36, 55, 108, ll4, 144, 141,922..923, 1115. 1448 53.

148 l, I 501
Dryomyzinae 924, 926, 1450, 1451, 1453
dubia Curran (Lonchoptera) 679
duct, ejaculatory 54
duct, poison (L) 72
duct, salivary l2
duct, salivary (L)'70, 7 5

duct, seminal 53

duct, spcrm 53. 54
duct, spernrathccal 38
Dufouria Robincau-Desvoidy I 2 30, 1262
dufourii tainani Karaman (Pcnicillidia) 1 281, 1285
Dufouriinae 1200
dulichii (Fclt) (Amctrodiplosis) 2t38

dumicaudus Sacther (Pseudorthocladius) 448
duncani (Wilcox) (Atoniomyia) 565
duodccimpunctata Townsend (Chrysagria) 1163, I 167

dux (Johannsen) (Kiellerulus) 442
dlari (Coquillett) (Pscctrotan.vpus) 428, 430, 432
dyari (Garrett) (Dixella) 33 r

d;'mka (Kcssel) (Scri) 683, 684
Dynatosorna Winnertz )26, 244
Dynomiclla Soika 12174

Dyscolomyia Rcinhard I 254
Dyscrasis Aldrich 799, 807
D]'scuaresta Hendel 828
Dziedzickia Johannsen 221, 228, 232,240,241

enrlci Vargas (Anophclcs) 317,348
Earomyia Zetterstcdt 792, 1 95, 796, | 139
Earomyiini 795,1439
cburneosignata Hcnnig (Richardia) 833, tt37
Eccoptorncra Loeu 978
F.ccritosia 55.+.571
ecdlsial line (L) 65
ccdysial scar (L) 85
Echidnocephalus Lamb 1462
Echiniidae 1478
Echinohclea Macfic 403, 404, 410, 4 I 1

Echinopodium Freeman 224
Echthodopa Loew 564
Ecitomyia Brues 12J. 707, 110
Ecliminae 596
Ectactia Enderlein 3 I 1. 316, 317, 318
Ectactiinae 313, 317. 318, 1353
Ectecephala Macquart I 05 3, I 056, 1065
Ectemnaspis Enderlcin 362, 363, 369,376
Ectemnia Endcrlein 358, J61, 370, 375, 382, 388
Ectrepesthoneura Enderlcin 240
F.cty-phinac 537.538
Ect-v-phus Gerstackcr 536, 53'7

ecuadorensis Schlingcr (Pialea) 577
Edestochilus Gagn6 280
Edestosperma Gagn6 219
edulicola Gagn6 (Pinyonia) 286
Edwardsininae 1341, 1346, 1353
Efleria Coquillett 550, 55 I, 551, 558, 569, 570
Eggisops Rondani I I35, | 136

Eginia Robineau-Dcsvordy I 498
Eginiidae 1498,1504
Eginiini l l l6, 11 11, 1192. 1496 98
Egle Robineau-Desvoidy I 103,1106, I I 10, llll
chrmanii Coquillctt (A ldrichia) 592
ehrmanni Aldrich (Hypocera) 697, 699
eickstedtac Schlingcr (Exctasis) JZ9, 580
Eidalimus Kert6sz 503, 510
Einfeldia Kieffer 140, 112
ejaculator 53

ejaculatory apodeme 53

cjaculatory apodemc, truc 54
ejaculatory bulb 53

ejatulatory duct 54
ejaculatorl, pump 53

ejaculatory sac 51
Elachiptera Macquart I 46.1055, 1056, 1059, 1063
Elachisoma Rondani 1000
Eldunnia Cur r tn | 294, 1 297
electrica Hennig (Gephrornyiclla) 987, 1183
clectrica Hennig (Glaesolonchaca) 195, 842
clectrica Hennig (Paleotimia) 1451

clectrica Hennig (Palloptcrites) 842
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electrica Hennig (Parculhychaeta) | 022 Enlinia Aldrich 36, 626, 627, 630,631
efectrica Hennig (Procrcmifania) 966, 1448 Enrogalia Reinhard 1216,1233
electrica Hennig (Prodryomyza) 924, 1451 ensifer Vockeroth (Drepanoccrcus) 2J1, 239, 242
efectrica Hennig (Protoaulacigaster) 892,1164 Ensina Robineau-Desvoidy 821,826
electrica Hennig (Protodinia) 866, 1458 eocenica Meunier (Eulonchiella) 582
electrica Hennig (Protorygma) 1454 Eolimnobia Handlirsch 326
elcctrica Hennig (Protoscinella) 1050, 1479 Eopodonomus Rohdendorf 427
electrica Hennig (Villalites) 582 Eopseudopomyza Hcnnig 760
Electrobata Hennig 763, 1432 Eosalpingogaster Hull 720
Elcctrochyliza Hennig 782, 1434 Eoseristalis Kanervo 741
Electroclusiodes Hennig 857, l45l Eothereva Cockerell 5 I 8

E,lectrophortica Hennig 1012, 1490 Epacmus Osten Sacken 599
elegans (Reinhard) (Spathidexia) 1265 Epalpus Rondani 1243,1244,1246
clcgans (Wicdemann) (Neotanypez.a) 774 epandrium 45, 54, 55

elegans Coquillett (Amphicosmus) 592 epaulet 28

elegans Coquillett (Johnsonia) I 166, I 167 Ephydra Fallcn 81, 82, I 16, I 18, ll9, 140, 1027, 1078.1029, 1037,
elegans Curran (Plunomia) 968 1012,1043,1044,1044,1491
elegansOkada(Haruka)216 Ephydridac3,15,33,35,36,44,77,8082,85,86,103.116,119,
elcgans Stein (Chelisia) 1099, I 102, 110i 124, 138, 140, 143, 1009, 1022, 1027, 1080, 1429.14:t2,1414 76,
elegantula (Johannsen) (Stilobezzia) 401,410 1184, 1486-92, 1504
elegantulus Rtider (Agathon) 196 Ephydridea 1030, 1487, l49l
Eleodiphaga Walton 1205,1213 Ephydrinac \02'7 29.1030, 1486, 1191.1492
eleodivora (Walton) (Zaira) 1198 Ephydrini 102t3

Elephantomyia Osten Sackcn I 54, I 66, I 67, 170, I 86, | 365 Ephydrinidae 1030
Elfia Robineau-Desvoidy 1220 Ephydroidca 3,1022,1406, 1429, 1443, 1162.1468, 1469, 1474,
Elgiva Meigen 928,931,934,935,936,938 1176,1111, 1179.1480,1484, 1486 92, 1500, 1501, I-505

elinguis Mef ander (Apystomyia) 599 epicephalon 16

Elliponeura Loew 10J2,1065 Epichlorops Becker 10-5J, 1061,1065
Elliptera Schiner 156, 166,168,169,186 epicondyle,ofmandible (L)71,72
Eloeophila Rondani 172 epicranial suture (L) 66
elongata (Fabricius) (Baccha) 714,719,721 epicranium l0
elongata (Felt) (Pararete) 266 epicydcs (Walker) (Phebellia) /2J6
elongatus (Hough) (Cyanus) I I 44 Epicypta Winncrtz 224,226, 228, 234,215
eluta Loew (Tipula) 154, I 55 Epidapus Haliday 122, 248,250,254,255
elymi Gagn6 (Hybolasioptera) 279 Epidexia Townsend 1214
emarginata (Say) (Epistrophe) 730,735 Epidiplosis Felt 287
emarginata (Say) (Epistrophella) 721 Epigrimyia Townscnd I 229,1264
emasculator Fitch (Cuterebra) 135, I 147, I 155 epiglnium 44
Emblemasoma Aldrich 1163, I161, 1166, 1170 cpimeron 23,26,2'1 ,35
Emblemasomatini 1163 Epimyia Folt 291
emeralda Hull (Sintoria) 563 cpiphallus 53
cmmclina Alexander (Limnophila) 172 epipharyngcal armature 20
Emmesomyia Malloch 1106 cpipharyngeal bar (L) 70
Empcda Osten Sacken 176 epipharyngeal sclerite (L) 76
empedoides (Alexander) (Empedomorpha) 177 epipharynx 18
Empedomorpha Alexander 177, 177 epipharynx (L) 70,76
Empididae 2,12,16,32, 33,35, 36,12,48,54 56, 58. 66,61,72.,71, Epiphragma Osten Sacken 171, 184.185, 186

81,83,97,99, 101, 107,124,130,582,607, 1375, 1388 91, 1397, Epiplatca Loew 834, 1442
1399 1401, 1405, 1406, 1408, 141 | 14, 1411 Epiplateinae 834,1412

Empidideicus Becker 97, 594,596 epiproct 44
Empidiformia 1397 epiproct, truc 44, 55
Empidiformia 1406 epistates (Osten Sackcn) (Hybomitra) 426
Empidigeron Painter 598 episternal lissure 26
Empidinae 608, 609, 614, 616, 617,622,1389 episternum 23, 26
Empidinca 609 episroma 15

Empidoidea 2, 59, 68, 72,532, 1312,1375,1382, 1383. 1386. 1388- epistomal .sclerite (L) 76
92,1397,1399,1402 04, 1406 08, l4l0 15. l417 epistomal suture 11

Empidoinea 609 Epistrophe Walkcr 720, 721.'722,723,7 30,7 35
E,mpis Linnaeus 20,607,608, 609, 617,620,623 Epistrophella Du5ek & L6ska 721,723,730,735
empodium. empodia 36 Epochra Locw 826
encausta Osten Sacken (Phyllolabis) 167 Epoicocladius Zavr{l 455
Endaphis Kieffer 287 eques (Johanscn) (Forcipomyia) 408,418
endite 20 cquestris (Fabricius) (Merodon) 728,731
endite lobe (L) 72 equina Fall6n (Copromyza) 996,998
endite, lrue 20 equinus Theobald (Haemagogus) 344.346
Endochironomus Kicfler 443 cquitrns (Claassen) (Symbiocladius) 445,452
endophallic hilt 53 erema Pritchard (Mochnia) 250,254
endophallic tine 53 Eremoctenia Scott 1283
endophallic tube 53 Eremomyia Stcin 1109, 1ll3
endophallus 53 Eremomyioides Malloch 1099
Enicita Westwood 947 , 949 Eremomyioidcs Malloch I 102, 1498
Enicomira Duda947,949 Eremoneura 1389,1397,1407, l4l.+, 1416
enigmatica Hennig (Meoneurites) 910 Eremotipula Alexander 165
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Eretmoptera Kellogg 1 22, 444
Eribclla Mesnll 1216, 1228
Eribolus Becker 1059, 1064
erigerontis (Felt) (Neolasiopreta) 262, 267, 277, 278
Eriocera Macquart I67, 170
Erioptera Meigen 58, 177,177,178, 183, 185
Erioprerini 156, 165, 166, 178, 179, 186
Eriothrix Meigen /2J0, 1256,1262
Eriozona Schiner 123, 7 27
Eristalinae 7 |6,7 17 ,718
E,ristalini 7 5,'1 I 6, 1 11

Eristalinus Rondani 1 \8, 7 30, 7 3 3, 141
Eristalis Latreille 98, I 3 3, 7 28, 7 3 3, 7 40,'7 11
Ernestia Robineau-Desvoidy 1261
Erncstia Robineau-Desvoidy l26l
Ernestiini I 261

Ernoneura Becker 1086, 1087, 1091
erosa Loew (Epiplatea) 834
erratica (Felt) (Pectinodiplosis) 287
erratica (Walker) (Callicera) 719
erraticus (Linnaeus) (Eriozona) 723, 7 27
erro Aldrich (Emblemasoma) I I 64, 1 166, 1 170
erucicola (Coquillett) (Euptilopareia) 1222
Erucophaga Reinhard I 165, ll78
Ervia Robineau-Desvoidy 1262
Erycia Robi neau-Desvoidy 121 5

Eryciini 1 1 97
Erynnia Robineau-Desvoid,y I 205, l2l3
E,rynniopsis Townsend 1233
Erythandra Brauer & Bergenstamm I 179, llSl
erythrocephala (Leach) (Ornithoctona) I 275, I 278
erythrocephala (Mcigen) (Calliphora) 12199

erythrocera Brauer & Bergcnstamm (Hespcroml"ia) /240
Esenbeckia Rondani 95, 465, 466, 468, 469, 473, 411, 41 5
esophagus I 2

esophagus (L) 73
Estheria Robineau-Desvoidy I 219, I 241,1241.1249
estigmcncnsis (Sellers) (Hubneria) l2l2
Euantha \N ulp I 242, 1249
Euaraba Townsend I 180, ll82
Euaresta Loew 82J, 827,829
Euarestoides Benjamin 824, 829
Euboettcheria Townsend I 168
Eucalliphora Townsend 1144
E,ucampsipoda Kolenati 1288
Eucatocha Edwards 269
Eucelatoria Townsend 1224,1236, I 238. I 255
Eucephala 1334, 1335
eucephalic head capsule (L) 65
eucera (Locw) (Parectecephala) 1056
cucera Melander (Niphogenia) 614
Euceromasia Townsend 1218, I 232
Euceroplatus Edwards 224, 235
E,ucessia Coquillett 599
Euchaetogyne Townsend 1247
Euclytia Townsend 1265
Eucnephalia Townsend 1203, 1 237
Eucorethra Underwood 106, 336, 337, 338, 339, 1363. | 361
Eucorethrinae 336, 339
Eucoronimyia Townsend I 209,1218
eucosmaphaga Arnaud (Coloradomyia) 1257
eucoxa 35
Euctenodes Waterhouse I 297
Eucyrtophloeba Torvnscnd I 250
Eucyrtopogon Curran 550, J56,568
Eudactylolabis Alexander 17 l, 179
Eudasyphora Townsend 1121
Eudicrana Locw 2J1,238
Eudicranota Alexandcr 1 60, 170
Eudioctria Wilcox & Martin 564, 566
Eudiptera 1336, 1345
Eudorylas Acz.6l 148
Euestelia Endcrlein 1449

Euexorista Townsend I 204, 1207, I 256
Eufrontina Brooks l2l5
Eugaurax Malloch 105 l, 1052
eugeniae Tavarcs (Stcphonyia) 280
Eugnophomyia Alexander 175
Eugnoristc Coquillett 241, 248, 251
cugonatus Loew (Ogcodcs) 575, 579
Euhalidaya Walton I 194, I 198, I 217, 1225, 1266
Euhybus Coquillett 621
EukielTeriella Thienemann 445. 147
Eukrarohclca Ingram & Maclie 401,170
Eulasiona Townsend I 209, 1221,1221,1233
Eulcia Walker 826
Eulimosina Rohddek 1003
Eulonchiella Meunier -5lJ2

F.ulonchus Gerstacker 576, 578,529, 580 82, 583
eulophus (Locw) (Ceratobarys) 1051. 1059
Eumacronychia Townscnd I l6l, I 178, ll82
Eumasiccra Townsend 1206,1212. I 232. I 256
Eurnea Robincau-Dcsvoidy l2l2
Eunregaparia Torvnsend I 223, I 234.1249
Eumerus Mcigcn 7l 8, 7 27, 131
Eunetopiella Hendel 799, 800, 801. 806
Eumicrotipula Alexander 163
Eurnyobia Torvnscnd I 26;1

Eunemorilla Townsend I 205. l2ll
eunoLa (Loc*') (MclanochaeLa) /056
Eupary'phus GersLackcr 199, 501. 506, 507, 509. I 377
Eupcodcs Osten Sacken 722, 723, 7 27 , 7 30, 7 3 5

Euphasiopteryx Townscnd 1264
Euphorocera Townsend I 221

Euphoroccropsis Townsend 1 22 1

Euphyto Townscnd l18l
Euphytomima James ll6l, 1181
Eupctgonontyia Mollot'h 1l l6
Euprojoannisia Brdthcs 399, 403, 407
Euptilopareia Townsend I 222. l25l
Euptilostena Alerandcr 175
Euribiinae 821.1441
Eurrrnf ia Bigot /38
Eurithia Robineau-Dcsvoidl l26I
Eurosta Loerv 822.826
Eurotocus Stcyskal I 45 I

Eurybatinae I 432
F.ury'ccphalonryia Hendel 1 15, 800,801, 804, 808
Eurycerorryia Torvnscnd I 2(r3

Eurychorornyia Hendel 1444, 1447
Eurl-choromf iidac 1.143, 1144. 1116. 1447, 1504
Eurychoronrf iinac I 446
E.urycnenus Wulp 4.16

Eurygarka Quate 299
Eurygnathomyia Czerny 36. 810, 842,1442
Eurygnathomyiidac I 504
Eurygnathomyiinae 842, 1442
Euryneura Schiner 499, Jr1, 505
Eurynogasl.er Van Duzce 628
eurynotus (Brucs) (Acnigniatias) /2J, 697, 705
Euryomma Stein I 122,ll24
Euscopolia Townsend I 222, l25l
Euscnotainia Townsend I l8l
Eusimuliurn Roubaud 360, J69. 376, 377, 388
Eusiphona Coquillctt 903. 906. 907. 908, | 01 2,, 1 17 4

Eusrsyropa Townsend I 206
Eustalomyia Kowarz ll06
Eutacnionotum Oldenberg I 010, l04l
Eutanyderus Alexander I 50
Euthcra Loew 1 2J0, 1 242. 1259
Euthercsia Torvnscnd 1248
Euthycera l-atreille 929.930,934, 9JJ, 93{t
Euthychacta Loew 1020,1022,1030. I490. l49l
Euthyneura Macquarrt 609, 619, 619
Eutonia Wulp 172
Eutrela Locw 824,829

INDEX
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Eutrichota Kowartz 1099, 1101, 1107 femoratus (Tonnoir & Malloch) (Scordalus) l'15 I

Eutrichota Kowartz 1102, 1108 femoratus (Williston) (Brachypalpus) Z2-5

Eutrixa Coquillefi 1230,1263 fcmur, femora 35
Euxesta Loew 801, 80J, 805, 806 fenestralis (Fall6n) (Aecothea) 975

E,uxestidae I 504 fencstralis (Linnaeus) (Scenopinus) 95, 525, 526, 527
evecta (Harris) (Helina) 1128 fenestralis (Scopoli) (Sylvicola) 20. 21,91, 306, 308,314
Evidomyia Reinhard l 231,1263 lenestrata (Bigot) (Phasia) I 217, I 252
Exaeretina Enderlein 1378 fenestrata (Coquiliett) (Myiomyrmica) 1101.802

excavata D. K. McAlpine (Cairnsimyia) 990 fcnestrata Footc (Metatephritis) 829
excellens Papp (Tunisimyia) 1466 fenestratoides (Coquillctt) (Thyridanthrax) 59 I, 595
excitans Walker (Chrysops) 47J fenestratus (Osten Sacken) (Conophorus) -592

Exechia Winnertz 233, 234,211 lrerdinandea Rondani 731
Exechiini 228 Fergusonina Malloch l/+59, 1460
Exechiopsis Tuomikoski 120,121,233,234,241 Fergusoninidae 1154, 1458 60, 1504
Exepacmus Coquillctt 599 l:crnciella Cook 316,318
E,xeretoneura Macquart 1373,1375,1376,1378,1383 ferrisi (Bcquaert) (Neolipoptcna) 1274,1276, l27B,l28O
Exeretoneuridae 1376 fcrrugatus (Fabricius) (Diachlorus) 465,467,469,11 l

Exetasis Walker 577, 579,580 fcrruginata (Stenhammar) (Coproica) 996,998
exhumata Cockerell (Cordilura) 1087 ferruginca (Fabricius) (Nephrotoma) /61
exilis (Coquillett) (Epichlorops) 1053, 1061 ferruginea (Scopoli) (Coenomyia) 490,491,492
exilis (Coquillett) (Eribella) ,1216 ferruginca Fall6n (Hammerschmidtia) 737
exilis (CoquilJett) (Eutrixa) 12-10 ferruginca Macquart (Odontomera) 835
exilis (Malloch) (Dorylomorpha) 747 ferrugineus Crcsson (Oidematops) 930,931.931
Exiliscelis Hutson 321, 322, 323,324, 1351 fcrruginosa (Meigen) (Diadocidia) 229, 242
exilistyla (Alexander) (Cheilotrichia) 176 ferrumequinum Hendel (Axiologina) 806
exita (Scudder) (Chaoborus) 336 festina (Coquillctt) (Penniverpa) 522
Exoprosopa Macquart 595, 597,600 fcstivus (Say) (Xenochironomus) 44l
E,xoprosopinae 590,599 festivus Loerv (Gaurax) 1056,1057
Exorista Meigcn 26, 27, I 209, 1221, 1 235 feti Zaitsev & Tsharykuliev (Pctrotossia) I 384
Exoristini ll95 97,l20l Ficiomyia Felt 290
Exoristoides Coquillett 1220 lldclis Curran (Aecothea) 975
expansa Steyskal (Dictya) 935 Fiebrigella Duda 1052
exsculpta Osten Sacken (Triogma) 165 fifth tarsomere 36
extera (Cresson) (Microlytogasrer) 1042, \043 filialis Rcinhard (Cloacina) l2l4
eye (L) 12,73 filicauda Henrikscn & Lundbeck (Rhanphomyra) 42,616,620
eye bridge 12 lllicis (Fclt) (Lobopteromyia) 286
eyc, compound 10, 12 lililorm 16

eye, precocious adult (L) 73 filtcring apparatus ([-) 73

llmbriata (Waterhouse) (Myophthiria) 1275, 1276, 12.17

Fabriciella Bezzi 1244 limbriatus (Walkcr) (i'r-ilotanypus) 4J2
fabricii Steyskal (Hoplocheiloma) 765 linalis (Loeii') (Neotcphritis) 820,821
face 10,14, 15 Finlaya Theobald 345
facet 12 first ( I st) bosal t'ell 32
facial carina 15 first axillary plate 28

Jacial impres.sion 15 .t'trst genital sclerite 38

facial plate 15 Jirst M2 cell ( lMr) 32

facial ridge 15 first tarsorncrc 35

J'acial warp 15 fisherae (Laffoon) (Mycctophila) 244
fairfaxensis Wirth (Forcipomyia) 9J, 402,403,418 lltchii Osten Sacken (Protoplasa) -58, 91, 149, 150. 1355
fallax de Meijere (Lonchoptera) 678 flagellomcrc 16
fallax Sherman (Tetragoneura) 233 flagellomcrcs, number of I 6

false vein 33 flagellum 16
Fannia Robineau-Desvoidy 35,77, 80, 101, 120,121, 138, 139,891, flava (Linnaeus) (Chyromya) I 13,985,986

1118,1119,1122,1123,1124, Il29 flava (Townscnd) (Euclytia) 1265
Fanniidae 1492,l.496 98, 1504 flavons (Malloch) (Epoicocladius) 2155

Fanniinae 33, 105, I I 16, 1 I 17 flaveola (Coquillett) (Eurnegaparia) I 223. I 231. 1219
f'arinosus Johnson & Maughan (Oestranthrax) 600 flavcola (Coquillett) (Mincttia) 108,956.957
farri Dodge (Sarcofahrtiopsis) ll75 llaveola (Fabricius) (Dryomyza) 925
fasciata Meigen (Salticella) 1452 flaveola (Osten Sackcn) (Dicranota) 170

fasciata Say (Heteromyia) 404, 112 flavcolum (Coquillett) (Astiosoma) 901
fasciata Zetterstedt (Pachyneura) 216 llavescens Johnson (Sepsisoma) 108,835
fasciatus Fabricius (Sargus) 502,505 flavibarbis Adams (Chrl,sopilus) 487
fascipennis (Say) (Epiphraema) 184 flaviceps (Locw) (Pseudocalliope) 955
fascipennis Gagn6 (Plectrodiplosis) 281 flavicornis Melandcr (Zagonia) 982
Fausta Robincau-Desvoidy 126l flavida (Wiedemann) (Pachyopclla) 954
Fclicitomyia Kevan 206, 1345 flavida Coquillett (Psilopa) /0J2
felt chamber (L) 85 {lavidorsus Hardy (Bromleyus) -562

Feltiella Rubsaamen 268,281 flavidus (Hinc) (Stcnotabanus) 167,469
Feltomyina Alexander 212 flavidus CoquilJett (Parepalpus) l 216, 1217

femoralis (Loew) (Lauxaniella) 19 flavifrons (Bigot) (Glyphidops) 770,770
femorata (Fabricius) (Ropalomera) I I 3,941 .942 flavifrons (Johannsen) (Brillia) 13{)
femorata (Meigen) (Serromyia) 411 flavifrons Meigcn (Amaurornyza) 877
femorata Loew (Hilara) 97,107,616 flavimana Loew (Rrvellia) 112,809
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flavipennis (Fall6n) (Pycnoglossa) 1 104
flavipennis Williston (Melanophrys) 122l
flavipes (Coquillctt) (Ceranthia) /24l
flavipes (Felt) (Calamomyia) 277
flavipes (Loew) (Xanthogramma) 721
flavipcs (Macquart) (Helius) /66
flavipes (Meigen) (Phytosciara) 251, 252, 253,254
flavipes (Meigen) (Telomerina) 1001, 1002
flavipes (Williston) (Zeros) 1040
flavipes Cole (Pherocera) 520
flavipes Coquillett (Prosenoides) 1232
flavipes Linnaeus (Physocephala) 255
flaviseta (Johnson) (Sobarocephala) 855
flavocingulata Hendel (Cerodontha) 877
flavohalterata Malloch (Hydrophoria) 1105
flavus Coquillctt (Phasiops) 1198, I 223, 1241
ffetcheri (Aldrich) (Fletchcrimyia) / 167
fletcheri (Malloch) (Pseudocoenosia) 1119
Fletcherimyia Townsend I 167,1173
flexa (Wiedemann) (Tritoxa) 801, 802
flexion 37

ffcxion, facultative 56
flexion, male terminalia 56-59
flexion, obligatory 56
floralis (Fall6n) (tr-cmorilla) I 1 99
florea (Linnaeus) (Myathropa) 74
floricola Borgmeier (Pcricyclocera) 692, 698, 101
floridana Felt (Kalodiplosis) 281
floridensis (Aldrich) (Rhytidops) 942. 1153
floridcnsis (Shannon) (Monoccroml"ia) 729
floridensis (Townsend) (Amobia) 1179, 1183
floridensis Pechuman (Asaphomyia) 46l
fforidcnsis Reinhard (Nicephorus) I 217, 1248
floridensis Sabrosky (Eugaurax) I 052
fforidensis Townsend (Juriniopsis) 1246
floridensis Wirth (Leptoconops) 396, 397,398
florissantensis Cockerell (Sciomyza) 929
fforum Walker (Tachina) 1 193, I231
fluting 29
foeda (Meigen) (Loewia) 1198, 1253
foliaceous I 6

fontinalis (Fall6n) (Lcptocera) 103, 996, 997, 998
food canal 19, 20
food canal (L) 73

food pump 19

Forbesomyia Malloch 260, 263
Forbesomyiini 263
forceps (Pettey) (Pseudosciara) 25 l, 252
forcipata Ferris (Basilia) I 23, I 283, \281
forcipate clasper 45

415,418,4t9
Forcipomyiinae l2l,393 95, 398, I 362, I 363
fore coxa 35
fore fcmur 35
forc tibia 35

foregut (L) 76
foreleg 35

Formicosepsis de Meijere 760,1432
formosa (Scopoli) (Chloromyia) 505
fbrmosus Loew (Neoalticomerus) 1458
fbssulatum (Loew) (Trigonomma) 1057, 1065
fourth axillary plate 29
fourth tarsomere 36
fowleri McAlpine (Cretaphormia) 1418
fracida Reinhard (Mactomyia) 1227, 1260
fractiseta (Stein) (Pseudochirosia) 110J
Francilia Shannon 1144
frankensis Spencer (Cerodontha) 877
fratellus Williston (Tabanus) 467, 4'7 2
Frauenfeldia Egger I 189
freemani Sublette (Procladius) 93, 428
Frendelia Collin 964

Freraea Robineau-Dcsvoidy 1 198, I 24 l, 1254
fricki Spcnccr (Liiomyz.a) 871
frigida (Fabricius) (Coelopa) I 45, 920, 92 l, 922
frioensis (Reinhard) (Mystacclla) 1204
frit (Linnacus) (Oscinella) 1050, /0JJ, 1056. 1059
frons 10, 14

Jront 10

frontal plate l4
frontal scta 14

frontal selula l4
Jrontal suture (L) 66
frontal vitta, frontal vittae I4
frontalis (Fall6n) (Trixoscelis) 982
frontalis Curran (Eutreta) 824
Frontiniella Townscnd 1215
lronto (Coquillett) (Myxexoristops) 12J2
fronto (Williston) (Physoconops) 752
fronto-orbital plate 14, l5
fronto-orbital seta 14
fronto-orbital setula 14
frontoclypeal apotorne (L) 65, 66, 70
frontoclypeal mcmbrane l5
frontoclypcal suture 14, 15

lrontociypeal suturc (L) 66

Jrontotly'peus (L) 66
lrontogenal suturc 15
frontosa Hine (Akronia) 503
frontosa Say (Gonia) /204
frustra Pritch:rrd (Mallophorina) 560
fucafa Loov (Thereva) 5 l 3. 52 1

Fucellia Robincau-Desvoidy I 102

Fucelliinae 105, 1099, 1102
Fucomyia Haliday 922
fuga.x (Meigcn) (Pegohylemyia) I 105. I 1 l0
fulcrum 15, l9
fulcrum, of mandible (L) 72

fuliginosa (Meigen) (Forcipomyia) 402
fultelliform, of aedeagal apodeme 53

fultonensis (Felt) (Basicondyla) 213, 271
fulva (Johannsen) (Sympotthastia) 437

fulva Coquillett (Zacompsia) 806

Julviceps (Strobl) ( Borboropsis) 97 5

fulvicollis Walker (Rachicerus) I 377
fulvifrons (Macquart) (Chaetopsis) 800, 802
fulvifrons Say (Zodion) 751

fulvipes Cresson (Hiatus) 805
fumiferanae TothiJl (Winthcmia) 1 2 37
fumipennis (Sahlberg) (Olfersia) 1275. 1278
fumipennis (Zetterstedt) (Pelidnoptera) 1452
fumipennis Brooks (Lypha) /34

INDEX

Forcipomyia Meigen 9J, 395, 396, J98, 399, 402,403,107,408,409, fumipennis Melander (Trixoscclis) I 1 3,981
fumosa (Egger) (Sctisquamalonchaea) 796
fumosa Loew (Rhamphomyia) 616, 620
funebris (Fabricius) (Drosophila) /014
lungicola Felt (Winnertzia) 260, 267

fungicola group (Limosino) 1004
Fungivora Meigen 245
Fungivoridea I 336
Fungivoroidea 228
Fungobia Lioy 1004

Jurca 41
furcasternum, furcasterna 35
furcata (Fall6n) (Lonchoptera) 98, I I 1,675,676,618,619
furcata (Felt) (Neosynepidosis) 268, 27 I,272
furcata (Say) (Scathophaga) 1088
furcata McAtce (Axymyia) 91, 209, 210, 211,212, 310
furcatum Malloch (Parasimulium) 372
furcatus Borgmeicr (Bactropalpus) 209
furcatus Walker (Chrysops) 4ZJ
furcillata (Williston) (Phl,socephala) /9, 752
fusca Colless (Pcrissomma) 1358
fuscanipennis (Macquart) (Chloroprocta) 1136, I 139

fuscata Foote (Gonioxyna) 829
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fusciceps (Edwards) (Thienemannimyia) 435
fuscipalpis (Zetterstedt) (Francilia) I 144
fuscipennis fuscipennis Loew (Sepedon) 927, 930
fuscipennis Locw (Sepedon) 10B
fuscipennis (Meigen) (Pelidnoptera) 1452
fuscipes Loew (Drd,ea) 727
fuscipes (Meigen) (Coboldia) 94, 31 4, J15, 316, 319
fuscipes Zetterstedt (Cordilura) I 09 2
fuscocapilata (Malloch) (Trivialia) 9JJ, 958
fuscus Loew (Pipunculus) 98, 247
fusicornis (Coquillett) (Forcipomyia) 399, 108, 409
futilis (Osten Sacken) (Euexorista) I 204, 1207, | 256

Gabelplatte 45
Gaediophana Brauer & Bergenstamm l2l0
Gaediopsis Brauer & Bergenstamm 1204,1210
galactodes Loew (Microsrylum) 556, 565
galea 20
galea (L) 72
galiivora Spencer (Liriomyza) 877
Ganperdea Aldrich ll08
Garrettella Vockeroth 228, 23 I ,239
garretti Alexander (Trichocera) 46, 301, J02, 303
Gaslerophilidae 86, I 504
Casterophilinae 135, 1149, 1150, 1152, I502
Gasterophilus Leach 86,1J5, ll48 50,115J, 1151, t155,1156, ll57
Gastrops Williston 1028, 1030, 1031
gatineau Vockeroth (Aglaomyia) 232, 239
Gaurax Loew 1056, 1057,1058
Cayomyia Malloch 966, 1449,1462, 1468
gazophylax (Loew) (Ligyra) 595
geinitzi Handlirsch (Eolimnobia) 326
gelida (Coquillett) (Chetogena) 1240
Geminaria Coquillett 596
geminata (Loew) (Jamesomyia) B23, 828
geminatus (Say) (Toxomerus) 7 19,739
gena (L) 65, 66, 68, 70
gena, genae 10, 15
genal bristle l5
genal dilation l5
genal groove l5
genalis (Coquillett) (Euhalidaya) I 198, 1217,1225
genarum (Zetterstedt) (Acrophaga) 1/J7
Genca Rondani 1 231, 1 234, 1264
geniculata group (Leucopis) 970
geniculata Zetterstedt (Leucopis) 43, 969, 970
geniseta (Malloch) (Deutomineuia) 959, 96 l, 964
genital aperture 38
genital arch 45
genital chamber 38, 44
genital fork 44
genital opening 37, 38
genital opening, female 37, 38
genital opening, male 37
genital orifice 38
genital pouch 38
genital ring 45
genital sclerite, ./irst 38
genital segment 54
genualis (Johannsen) (Orfelia) 226, 229
geometra (Robineau-Desvoidy) (Calobatin;L) 165. 7 67
Geomyza Fall6n 11J, 124, 146,881, 882, 883,884,885, 1461. t482
Geomyzidae 1009
Gephromyiella Hennig 987, 1483
gephyrae Hennig (Anthoclusia) 1462, 1465
Ceranomyia Haliday 20, 154, 167, 168
Geratomyza Spencer 872
germana Osten Sacken (Dicranoptycha) 166
Germaria Robineau-Desvoidy l 2 3 l, 1266
Geron Mcigen 594, 597, 598
Geroninae 598
gesta Roback (CantopeJopia) 436
giardi (Kieffer) (Zeuxidiplosis) 286
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Ciardomyia Felt 288
gibba (Loew) (Callachna) 82.1

gibbosus Ussatchov (Archocyrtus) 582
gibbosus Van Duzee (Diaphorus) 636,631
Gibsonomyia Curran 1257
gigantea Cresson (Cirrula) 1028, 1037
gigantea Dahl (Trichocera) 301

Gigantodax Enderlein 356, 358
gigas (Sabrosky) (Ncoscinclla) 1054, 1057, 1059
gilloglyorum Kessel (Callornyia) 1 37, 687
Gillotia Kieffer 438
gilvipes Coquillett (Metapogon) 568
Gimnomera Rondani I 089, 1093
Cinglymia Torvnsend 1 2 3 2, 1239
Gitona Mcigcn I 0l 2
Gitona of American authors, not Meigen 1012, 1016
glabanum (Johannsen) (Megalopelma) 231
Clabellula Bezz.i 97 , 591, 596
glabra (Fall6n) (Camilla) 116, 1023, 1021, 1025
glabra (Meigen) (Thaumatomyia) 1050, 1053, 1059, l06l
glabra Fall6n (Madiza) 102, 906, 907
glabrata Wiedemann (Leptogaster) 557, 565
glabricula (Fall6n) (Ocydromia) 608, 618, 61q
glabrifrons Mcigcn (Sccnopinus) 526
Glaesolonchaea Hennig 795, ti42
Glaesoncodes Hennig 582
giand, abdorrinal 37
gland, accessory 38
gland, appendicular 38
glund, tolleteriaI 38
gland, milk ,14

gland, poison (L) 72
gland, spiracular (L) 85
gland, tibial 35
glans, aedeagal 54
glaphyropus Loew (Athyroglossa) 10Jl
Clariopsis Lindner 504
glauca (Coquillett) (Chiastochet'a,) l 103
glauca (Coquillett) (Oedoparena) 924
glauca Edwards (Forcipomyia) 408
glauca Macfie (Forcipomy'ia) 403
glauccllus (Stcnhammar) (Hccamedoides) /0J2, 1038

Claucops SziliLdy 467, 112
Glaurocara Thomson I 198

Glenanthe Haliday 1034, 1038
Glenodiplosis Gagn6 282
globosa (Meigen) (Strongygaster) I 198
globosus Walton (Neochrysops) 462, 468,469
Gloma Meigen 48,54,616,618, 1406
glossa, glossae (L) 68
Glossina Wiedemann 20. 1366, 1194
Glossinidae 38, 1413, 1185, 1192, 1494, 1495, 1504
Glossinidca 1397
Glossinoidea 1492
Glutopidae 484, l 3U0

Glutops Burgess 77, 99, 459, 460, 46 I ,484, 190, | 379, l:i80, I 38 I

Glyphidops Endcrlcin 770,'770
Glyptotendipes Kieffer /06, 429, 4 30, 438
Gnadochacta Macquart 1 198. I 226, 1251
gnathal ssgmcnt 9
Cnophomyia Osten Sacken 28, 156, 173,175,18/, 184

Gnoriste Meigen 224, 225,239
Gnoristini 228
Gobrya Walker 1435

Goeldichironomus Fittkau 442
gonapophysis, anterior 45
gonapophysis, gonapophyses; anterior, true 38, 214

gonapophysts, gonapophl'ses; posterior, truc 38
gonapophysis, plsterior 45
Gonarcticus Beckcr 1095
Gonatherus Rondani 1095
Gonempeda Alexander 176
Gongrodiplosis Gagn6 288
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Gongromastix Enderlein 266
Gonia Mcigcn 1199,1203, 1201
Goniinac 1 194, 1195, 1 197, 1 198, 1200. 1201. 1502
Goniini I 193, 1 196, 1191, 1199. 12A1

Goniocera Brauer & Bcrgenstammn I 226, I 243.1258
Goniochaeta Townsend 1 24 1, 1250, 1251
goniodes (Sublette) (Conchapelopia) 4J1
gonioides Coquillett (Opsidia) 1 I 82
Goniops Aldrich 77, 465, 466, 467, 469, 470, 412, 47 3, 41 5

Goniopsita Duda 1052
Gonioxyna Hendel 829
gonocoxal apodeme 5l
gonocoxite 45, 51, 55
gonoides Townsend (Eucnephalia) 1203, I 237
Conomyia Meigen 156, 166, 17 3,174,115,181. 184

Conomyodes Alexander 176, 183

Gonomyopsis Alexandcr 176
gonopod 45, 53, 55
gonopore 53, 54
gonopore, primary 38
gonostylus 45,51,53
gonotrema 38
gorodkovi Zaitzev (Diahneura) 5I9
Gowdeyana Curran 502, 503, 510
Grabhamia Theobald 3,15, 349
Graceus Goetghebuer 443
gracilipes (Loew) (Mclanomyza) 955, 960,962
gracilis Fall6n (Anthomyza) 1 13, 887, 888
gracilis Williston (Dolichomyia) 593
gracilis Williston (Xylophagus) 490
grahami (Aldrich) (Aldrichina) I 144

Grallipeza Rondani 765
graminis (Fclt) (lsocolpod,ia) 262
graminivora Sabrosky (Sacatonia) lO64
grandis Osten Sacken (Bibiocephala) 194. 195. 196.1318
grandis Shannon (Mclanodexia) 1 I 37, I I 39
grandis Williston (Hadromyia) 7 33, 136
grandissima Sabrosky (Oscinella) I 060
granulosa (Wirth) (Neurobezzia) 404,41 1,414
Graphogaster Rondani 1221, 1238, 1240
Graphogastrini I 221

Graphomya Robineau-Desvoidy 81, l I 22. ll24
grassator (Fyles) (Lestodiplosis) 225
greater ampulla, ampullac 28
Grccnomyia Brunctti 228, 2 3 3, 210
gregaria Frick (Phytomyza) 826
Creniera Doby & David J65, 366,3'70.376.386, JsZ,388, J89
Grisdalemyia Curran I 262
grisea Coquillett (Cutcrebra) 1 149, I 1 53
griseicollis (Becker) (Tetanoccra) 930
griseola (Fall6n) (Hydrellia) 1028, 1035, 1037. 1 012
Griscosilvius Phihp 467, 468, 475
grisescens (Fall6n) (Dinera) I 245, 1241
griseus Brooks (Dolichotarsus) 1255
groenlandica (Lundbeck) (Drymeia) 1 12J
grossbecki Dyar & Knab (Aedes) 42
Grossoseta Kessel & Kirby 682, 683,684,685, 1401. 1405, 1406.

t415, t422
Grossovena Kessel & Maggioncalda 683,68J,686
grossulariae (Meigen) (Epistrophe) 7 30, 7 35
Gueriniopsis Reinhard l22l
gular sclerite (L) 66
guttatus Hardy & Wheeler (Paracacoxcnus) 1013,1014,1016
Guttipelopia Fittkau 436
guttipennis (Stenhammar) (Eutaenionotum) I 010, 1011
guttipennis (Zetterstedt) (Anonralochacta) 883. 881
guttiventris (Zetterstedt) (Pol-vlepta) 2J0
Gymnocarcelia Townsend l2l2
Gymnocarena Hering B18, 826
Cymnocheta Robineau-Desvoidy 1200, 1202, 1260
Gymnochiromyia Hcndel 109, 986,987, l4U3
Gymnoclytia Brauer & Bergenstamm 1223,1259
Gymnodia Robineau-Desvoidy | 1 18

INDEX

Gymnornetriocncmus Goetghcbuer 447
Gyrrnopais Stone 356. 358, 362, 363,364. 365, 366,384, J86, I 360
Gymnopalpus Torvnsend I 265

Gymnophora Macquart 69 l, 102. 709
Gymnophryxe Villeneuvc I 208, l2l4
G1'mnophytoml-za Hcndel u70

Gymnoprosopa Townsend | 180, ll82
Gymnopsidia Shewcll 1180, ll82
Cymnoptcrnus Loew 627. 630,632
Cymnorhachicerus Frey I 375
Gl,rnnosoma Meigen | 191, 1 223, 1259
gynium 44
Gynoplistia Westrvood I 54
Gyroconops Camras 754
Gyrostigma Brauer I 150

H-shaped stlerite (L) l5
Hadrogastcr Schlinger 577
Hadrokolos Martin 560, 566.568
Hadromyia Williston 1 18. 7 3 3, 736
Hadroneura Lundstrom 2 3 3. 241
Llaemagogus Wjlliston 312. 344, 346, 349
Haematobia Lcpeletier & Scrville lll8
Hacmatobosca Bczzi 1118, I I l9
Haematomy'idium Coeldi 405
Hacmatopota Meigen 465, 467, 469, 471, 414. 477

Haernatopotini 465. 471
hacmatopotus Malloch (Culicoides) 4/5
haemorrhoidalis (Fall6n) (Bercaea) 1 162, 1 169, l l7 l, 1 176

hacmorrhoidalis (Meigen) (Microprosopa) 1091

haemorrhous Meigen (Paragus) 1 22, 7 3 5

Haigia Steyskal 805
hair l0
Halephy'dra Wirth 1044
Halidayina Duda 996, 997. 999
halisidotae (Townsend) (Uramya) /34
halli Schlinger (Eulonchus) 576, 578, 579
Halocladius Hirvenola 446
Halodiplosis Kiefler 286
Haloscatella Mathis 10J2, 1045

halter, haltcres 10, 28, 33
halteralis Coquillett (Lcptometopa) 35

Hamatabanus Philip 465, 467,4'72
hamifcra (Melandcr) (Trichoclinocera) 6/5
Hammerschmidtia Schummel 737
hannai (Colc) (Heterochcila) 925, 926
Hapleginella Duda 105J, 1057.1060
Hapioml'za Hendel 870, 87tl
Flaplopogon Engel 562. 565
Hoplostomata 1424
Haplostomata 1425
Haplusia Karsch 262, 267, 269
Harmandia Kieflcr 2Z-J, 281
Harmstonia Robinson 621 ,628
Harnischia Kieffer 438, 139, 442
harpagone 45

harpe 45
harringtoni (Coquillctt) (Lypha) I 242
harrisi (Reinhard) (Lypha) I 198

harrisinac (Coquillett) (Ametadoria) I 209, 1215
harti Mallooh (n spistes) 17, J15
Haruka Okada 213, 215, 216
haruspex Osten Sacken (Apiocera) 541. 515, 546, 547
harveyi (Torvnscnd) (Bessa) 1200
hastata (Coquillett) (Eucoronimyia) I 209, 1218
haustellun 20
head 9, 10

head (L) 65
hcad capsulc 10
head capsule (L) 65
head capsule, ol Muscomorpha (L) 71

head capsulc, retraction ol'(L) 66
head capsulc. ventral rcgion (L) 68
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head skeleton (L) 65
head, of Muscomorpha (L) 74
head. segmcntation of 9
Hearlea Yargas 37 I , J80, 381
hearseiana Wcstwood (Sphyracephala) 788
Hebecnema Schnabl I | 28, ll30
hcbes Loew (Trichosia) 250
Hecamede Haliday 1029, 1032,1038
Hecamedoides Hendel 10J2, 1038
Hcdria Steyskal 921 , 930,934, 936,938
Hedriodiscus Enderlein 50l, 506, 509
Helacomvia Cresson 1029, 1036
Helcomyza Curtis 144, 923,921,925,926, l15l
Helcomyzidae 924
Helcoml,zidae 1504
Helcomyzinae 924, 926, 1419 51, 1454
Heleniella Gowin 445
Heleodromia Haliday 614
Heleomyza Fall6,n 97 3,97 5,979, 1181
Heleomyzidae 3, 14,55, 103, 108, 109, I 17, 121,121.114,141,973,

982, 987,992, 1009, t428, \129, t462, 1468, 1472, 1119 88, 1504
Heleomyzides 148 I
Heleomyzinae 975,1451
Heleomyzoidea 1450, 1480, 1484
hclianthi (Brodie) (Olpodiplosis) 286
helianthibulla (Walsh) (Pilodiplosis) 286
helicis (Dyar) (Eurygarka) 299
helicis Wirth (Platygymnopa) 1 03 1, 1033
Helicobia Coquilleu 1169
Helicobosca Bezzi I 500
Helicoboscinae I 500
Helina Robineau-Dcsvoidy 1118, 112J, 1126,1127, I 128,1129,1130
Ileliodorus Reinhard 1214
Heliophilus Mcigen zJ4. 730
Helioplagia Townsend 1220
Helius Lepeletier & Serville /66,168, 185
Heloclusia Malloch 758, 760, 1132, 1460
Helodon E,nderlein 367, 368, 370, 374
Heloparia Endcrlein 842
Helophilus Mcigen 7 28, 738
Helosciomyza Hendel l45l
Helosciomyzidae 924, 1449, 1451-53, 1448, 1504
Helosciomyzinae 1451, 1452
helvinus Loew (Xanthochlorus) 631
helvola (Loew) (Amoebaleria) 976, 977
helvolus (Loew) (Stenopogon) 565
helvum (Loew) (Curtonotum) 1 16, 1007, /008, 1009
helymus (Walker) (Periscepsia) 1226
hcmapterus Nitzsch (Carnus) 102, 1 10, 124, 909, 910
Hemerodromia Meigen 607,608, 609, 612,62t-23, 1345
Hemerodromiinae 608, 609, 612, 613, 1389
Hemerodromiini 612
Hemeromyia Coquillett 910,910, 147 1,l412
hemicephalic head capsule (L) 65
Hemicnetha Enderlein 369,316, 378
Hemilauxania Hennig 1446
Hemiluciliini I 135
Hemipenthes Loew 601
hemipneustic spiracular system (L) 83
hemiptera (Curran) (Lutomyia) 926
Hemisturmia Townsend 1206
hemitergite.l4
Hernithrixion Brauer & Bergenslamm 1266
Hemyda Robineau-Desvoidy I 2 1 7. 1259
hendeli Aldrich (Dyscrasis) 807
Henicomyia Coquillett 515, 518, 522
hennigi Sabrosky (Horaismoptcra) 107 4
hennigrata McAlpinc (Leucopis) 966
Henria Wyatt 269
hera (Osten Sacken) (Brennania) 476
Hercostomus Loew 630, 6J2
Hcrina Robineau-Desvoidy 800, 807
Heringia Rondani 731

hcrmanni Bischofl (Bibundia) I4212

Hermctia Latrcillc 498,499,504, 506, J0Z, 510
Hermstiinac 1403
Hcrmetiini 504, 510
heros (Pcrty) (Mydas) 535,5J6,537
Flershkovitzia Guimaraes & d'Andretta 1286, 1288. l2ti9
Hespere mpis Melander 617, 1390
hcspcridarum (Williston) (Spallanzania) /208
Hesperinidae | 350
Hesperininae 217, 220, 222, 1 35 1

I-lesperinus Walker 51, 211, 216 18, 2 19, 220, 220, 221. 222,
1335, 1350 52

Flesperoconopa Alexander 156,177. 177. 182
Hesperodes Coquillett 224, 235
Hcsperodiamesa Sublette 437
Hesperolimnophila Alexander 173
Hesperolimonia Alexander 168
Hcspcromyia Braucr & Bcrgcnstamm 1213, I 240
H es pe rop has i a Tow ns e nd 1 250
Hesperophasiini 1250
Hcspcrophasiopsis Townscnd I 250
Flesperotipula Alexander 162, 165
Hctcrocheila Rondani 924. 925,926, 1150, l45l
Hctcrodact.vla I 4l 2
Heleromeringia Czerny 854, B-t5, 857
Heteroml'das Hardy 533, 5J4, 535. 5J6, 537, 538
Hctcroml icllr Cuckcrcll 975

Heterornyiini 414
Heteromyza Fall6n 973, 97 5, 976. 978, I 48 I

Heteromyzidae 91 5, 1419, 148 1, 1 504
Heteromyzides Fall6n I48 I

heteroneura (Haliday) (Pullimosina) 99,1

heteroneura (Meigen) (Taxigramma) 1182, 118J
hetentneuro group (Limosina) 1003
Heteropcza Winnertz 260, 269
Heteropezina Pritchard 269
Hctcropczini 36, 259, 261. 269
Heteropogon Loew 552, 555,568
hctcroptcra (Say) (Pcnthctria) 220
Hcteroptcrna Skuse 235
Heterostomus Bigot 1373, 1375. 1376, 1378. 1382
Hctcrostylum Macquart 59 1, 592, 593
Heterotanytarsus Spiirk 426. 447
Hctcrotricha Locw 250
Hcterotrissocladius Spiirk 446
Heterotropinae 598
Hcterotropus Locw 598
Hexachaeta Loew 821
Hexamitocera Becker 1088, 1096
Hexaroma Larrcillc 1 54, 1 66, 1 67, 170, l u7. 1 343
Hexatornini 154, 156, 166, 118, 179
Herodonta Mik 500
hexodontus Dyar (Acdcs) 47
Hexomyza Enderlein 875
hians Say (Ephydra) 1029, 1037
Hia',omyia Shannon 1 18, 731
lliatus Cresson 805
Hicks' papilla 33
hieroglyphica Kieller (Monohelea) 404
hierogf yphicus Malloch (Culicoides) I I 5. 1 1 8
Hilara Meigen 97, 107,609,616,617,623. 1390
hilarclfa (Zcttcrstcdt) (Actcnoptera) I 09, 846
hilarella (Zetterstedt) (Hilarella) I I 82, I 18J
Hilarclla Rondani I l6l, I 178, 1182, I 183

hilarella Zetterstedt (Phytoliriomyza) 877
Hilarimorpha Schincr 92. 484. 603,604, 604, I 384, | 38Ii
llilarimorphidae 2, 97, 100, 125, 484, 532, 603
Himeroessa Loew 810
hind coxa 35

hind femur 35, l7
hind tibia 35
hindlcg 35

hinci (Malloch) (Delia) lll4

r 545

866,
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Huckcttia Vockeroth 1095
huidobrcnsis (Blanchard) (Liriomyza) tt7 I

humcral break 32
humeral bristle 23

humeral callus 23

humeral crossvein 29, 3l
humeral pit 21
hunteral plate 28

hunteral scar 21
humcralis (Stein) (Eutrichor^) 1 107
humeralis Melander (Empididcicus) 97, 594
humerus 23

humidum (Westwood) (Pseudosimulium) 362
humilis (Zettcrstedt) (Brontaea) | 123

hunteri (Hough) (Protodexia) 1 167, I 172.1113, I 176

hurdi Sabrosky (Phyllomyza) 904
Huttonina Tonnoir & Malloch 1452, l'+53

Huttonininae 1449, l45l 53

Huttoninini 1453
Hyadina Haliday 124, 1028, 1035,1013
hyalinus Shannon (Chrysops) 466,41 |

Hyalomya Robineau-Desvoidy I 258
H1'alomyodcs Townsend I 260
Illalurgus Braucr & Bcrgenstarrrr l26l
Hybolasioptera Rtibsaarren 279

Hybomitra Endcrlein 82, 463,465,172,415.476.477. I 198

Hybos Meigen 97. 6l 3. 621
H.vbotidac 1389
Hybotinae 58. 608, 609, 6l 3, 618, I 388
hybreas (Walker) (Ceromasia) /217
Hydrellia Robineau-Desvoidy 1028, 1029. 1035, 1037.1039, 1042,

l 041
Hvdrclliinae 1027 29. 1039
H yd r i na Rohi nea u- Desvoi d l: 104 |

Hydrobaeninae 126
I I-v-drobaenus Frics 4J0, 150, 153
Hydrochasma Hendel 10J1, 1033
Hydrodromia Macquart 621

lj1-drom1-za Fall6n 144, 1085. 1086, 1089,1093
h1'drophobic hair. ol spireclc (L) 80, 86

H1'drophoria Robineau-Desvoidr- 1 103, 1 1 04. 1 105, 1106, 1t09, tll3
Hydrophorinae 101, 626, 1390
Hydrophorus Fall6n 36. 98, 627, 628, 629. 630. 633, 635, 637

Flydropyrus Crcsson I 0J7 , 1043
Hydrotaea Robineau-Desvoidy 35, I l18, I I 20. I I 23, 1126, 1127,

I 128
Hylernya Robineau-Desvoidl- 12, /3.36, 1/8, l19. 112, l10l,ll08
Hylemyza Schnabl & Dziedzicki 1108
hylotomae (Coquillett) (Vibrissina) 1209
hyncsi Alexander (Thaunrastoptera) 166, 169

h-u-oid sclerite l9
hypandrial apodeme 45

hypandrium 45, 5 l, 54

H y penomyi a Tow nse nd 1249
hyperborca (Osten Sacken) (Nasiternella) 169

hyperboreus (Grccne) (Amphipogon) 846, 818. 852
Hyperdiplosis Fclt 268, 288
Ilyperostelidne 324
Hyperoscclidae I 350, 1357

Hypcroscelididac I 350
Hyperoscclis Hardy & Nagatomi 1354

Hypertrophocera Townsend I 22 3, 1253
HypertrophomnTa Torvnsend 1212, I 232
hyphantriac (Tothill) (Blondclia) 124-5

HyphanLrophaga Townsend 1206, 7207, I 25 2

Flypocera Lioy 697, 699,'l0l
Hypocerides Schmitz 690, 697, 701
Hypocerina Malloch 697, 101, 709
Hypocharassus Mik /8, 628, 629, 632.635, 637

hypothilunt (L) 68
hypocondylc, o1' mandible (L) 71,72
Hypoderma Latreille ll48 50,1152, //iJ, 1151,1155.1156, ll57
Hypodermatidae 1504

Hineomyia Townsend 1261
Hippelates Loew 1052, l06l,1064
Hippobosca Linnaeus 104,1274, 1 276, 1 279. 1345
Hippoboscidae 3, 16, 33,38, l0l, 104, I 17, I I9. I2l, 123. 124, 131.

132, 1271, t289, t297, t4]l5, t192, 1494 96, 1504
Hippoboscidae aucI. 1297
Hippoboscidea 1 397
Hippoboscinae 127 4, \ 297
Hippoboscoidea 3, 38,90, l0l, 1397, 1421,1125.1492. 1494. 1496.

1504,1505
Hirmoneura Meigen 585, 586, 587, J88
Hirmoneurinae 585, 587
hirsuta (Ferris) (lcosta) 1274
hirsuta Austen (Mormotomyia) 1484, 1192
hirsuta Coquillett (Omomyia) I 19, 833, 834, 8JJ
hirsuta Scudder (Acrocera) 582
hirta (Coquillett) (Pseudonomoneura) 534, 536, 531

hirta Johnson (Symphoromyia) 48 3, 48 5
hirtella Schiner (Pseudosciara) 25J
hirtifrons Peterson & Robinson (Zyziphora) 692,103
hirtipennis (Siebke) (Diazosma) 302, 303
hirtus Loew (Tetropismenus) 808
hispida (Basilia) 1 288
hispida Theodor (Basilia) 1287
Hodophylax James 559
Hoffmania Fox 405
Holcocephala Jaennicke 550, 554, 560,562
Holcopsis Enderlein 465, 411
Holoconops Kieffer J96, 397,398
Holometabola 1331, 1346, 1362
Holometopa 1424
Holometopa 1425
Holoneurus Kietrer 212
Holoplagia Enderlein 313, 316, 318
holopneustic spiracular system (L) 83

Holopogon Loew 550, 555, 562, 566,568
holoprasinus (Goeldi) (Goeldichironomus),142
holoptic 12, l4
holoptica Krivosheina & Mamaev (Pcrgratospcs) 216
Holopticander Hennig 1428
holopticus Stone (Gymnopais) 362, 363, 365, 366
Holorusia Loew I 54, I 57,162, 182
holosericea Meigen (Penthetrta) 22 I
Homalactia Townsend I 220
Homalocephala Zetterstedt 800, 801, 805
Homaluroides Sabrosky 1065
Homaroides Malloch 842
hominis Linnaeus Jr. (Dermatobia) I 150
hominivorax (Coquerel) (Cochliomyia) I 135

Homobremia Kiefer 282
Homoeodactyla 1412, | 41 5

Homoeophthalmac 590
Homoneura Wulp 953, 954,957,960,961,963, 1416. 1149
Homoneurinae 953,1446
hondurana Steyskal (Epiplatea) 834
Hoplitimyia James 18, 499,507
Hoplocheiloma Cresson 765
Hoplocyrtoma Melander 618
Hoplodictya Cresson 934, 9 3 5, 9 36, 937
Hoplolabis Osten Sacken 177,178
Horaiella Tonnoir 1347
Horaiellinae 297, 298
Horaismoptera Hendel 1074, 107 5, 1473
hordci Barnes (Colomyia) 272
horizontal plane 9

Hormopeza Zetterstedt 6 I 6, 618
horripilans (Melander) (Tethina) 103, 1076, 1077
houghi Malloch (Macrophorbia) 1106
Houghia Coquillett 1206
housei Shewell (Agria) ll8l, //8J
howdcni Kelsey (Pseudarlchia) 527
hubbardii Coquillett (Henicomyia) 5 I 5, 522
Hubneria Robineau-Desvoidy 1212
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Hypodermatinae 135, 1149, 1150, 1152, 1 156, 1502 inllda Rcinhard (Evidomyia) 1231.1263
hypogaea Cockerell (Psilocephala) 518 inllata (Macquart) (Palumbia) Tzll

hypogynial plate 44 inflaticornis (Allen) (Gymnopsidia) / /80, I 182

hypogynial valve 44 infra-alar bulla 28

hypogynium 44 infrascutellunt 26
hypopharyngeal sclerite (L) 75 infuscata (Doane) (Limonia) 168

hypopharynx 18, 19, 20 ingratus (Loerv) (Dicraeus) l05l
hypopharynx (L) 70, 76 inimica (Fitch) (Mycodiplosis) 225
hypopleuron 28 inner surstylus 55
hypoproct, true 44, 55 innocuus (Zetterstcdt) (Thricops) I 12J
hypopygialis (Townsend) (Microcerella) 1167, ll72 innota (Walker) (Sarcodexia) //21
hypopygium 37 Inopus Walker 500, 506, 507. 509
hypostoma (L) 68 inornata (Osten Sacken) (Pscudolimnophilt) 160, l8l
hypostomal bridge 16 inornata (Williston) (nrtemita) 500
hypostomal bridge (L) 68 inornata (Williston) (Culiseta) J4Z
hypostomal stlerite (L) 75 inornatus Cole (Caenotus) 594
hypostomium (L) 68,10 inquilinus (Coquillett) (Chaetochlorops) 1052, 106l
hypovalva 44 inquinetus Loew (Stcnopogon) 560
Hypovoria Villeneuve 1219,1250 insignata lrwin & Lyneborg (Mcgalinga) 95,515.5/6, :'18
hyrtlii (Kolenati) (Eucampsipoda) I 288 insignis Aldrich (Calotarsa) 684,685, 687
Hystricia Macquart 1195, 1201,1202, 1220, 1243 insignis Hickman (Planarivora) 227

insignis Lutz (Culicoides) 9J,402
Icaridion Lamb 922, 1450 insolcns (Felt) (Homobrcmia) 282
iceryae (Williston) (Cryptocherum) I 16.1069, 1070. 1072 insulicola (Quate) (Trichopsychoda) 299
IcostaSpeiser 120, 121,12'74, 1275, 1276,1277,1278 integreWilliston(Chrysotoxum)ZJ-5
Icterica Loew 823,826 intcgument l0
Ictericophyto Townsend 1258 intentus Aldrich (Hydrophorus) 98, 628,629,630
Idana Loew 806, 807, 808 interbase 154
idessa (Walker) (Graphomya) 1./22 intercalary segmcnt 9
ldiocera Dale 175 interJrons 14

ldioglochina Alexander 156, 168 interfrontal hair 14
ldiognophomyia Alexander 174,184 interfrontal platc 14

Idiolimnophila Alexander 172 intcrfrontal seta 14

Idioptera Macquart 172 interior Chillcott (Glenanthe) 10J4
ldioscelyphus Malloch 1447 intermedia KiefFcr (Strobliella) 260,263
Idoneamima Dodge 1168 intermedia Walker (Scathophaga) l09l
ignava (Harris) (Hydrotaea) 1120 intermediate sclerite (L) 15

Ilisia Osten Sacken 58, 178 intermedium Banks (Zodion) /52
illucens (Linnaeus) (Hermetia) 498,499 interparameral sclerite 55

illustrations, explanation of 4 intcrrupta Curran (Actia) | 238, | 24 l
illustris (Meigen) (Lucilia) 1/J8, ll40 interrupta Olivier (Odontomyia) -502
illustris Doane (Tipula) I 57, 162 intersecta (Meigen) (Pseudonupedia) / 10J, I | 09
Ilythea Haliday 1034,1039, 1040 intersegmental groove 9
Imaguncula Reinhard 1203 intersegmcntal mcmbrane 10

imitans (Johannsen) (Schwenkfeldina) 25l intersegmental scleritc l0
ImitomyiaTownsend 1196, 1229,1260 intestinalis(DeGccr)(Gasterophilus) 135,1153, 1151,.1 155

immaculata (Macquart) (Gymnoclytia) 122J intra-anal plate 44
immatura (Osten Sacken) (Limonia) 166 intromittenl organ 37
fmpariini \162,1113 intrudcns (Curran) (Siphona) /2J2
impatiens (Johannsen) (Bradysia) 106, 120,121,248,253 inurbana Aldrich (Symphoromyia) 18, 485
impatiens (Walker) (Culiseta) J44 invenusta (Walker) (Ectcmnia) 382
f mpeccantia Reinhard 1231,1266 invcrse D. K. McAlpine (Neurochaeta) 1465
importuna (Walker) (Metoposarcophaga) I 175 lnversron, rnalc tcrminalia 56

impressa (Bigot) (Stilbometopa\ I 276, I 278 inloensis Kennedy (Deuterophlebia) 199,202-, 1318
inaequata Namba (Rivellia) 811 io (Aldrich) (Goniocera) I 226, 1213, 1258
inaequipes Bigot (Cholomyia) 1265 lronomyiidae 55, 1412, 1415, 1416, 1118, 1422, 1504
incanus Reinhard (lsidotus) 1263 iroquoiana (Malloch) (Megaselia) 705
incerta (Becker) (lncertella) /053 irritans (Linnaeus) (Haematobia) I I 18

Incertella Sabrosky 1053,1064 irrorata Coquillett (Traginops) 864, 865
incidens (Thomson) (Culiseta) 348 irroratus Say (Anthrax) 595,597,598
incisa Cook (Rhexoza) J15.316 Ischiodon Sack 715
incisor lobe, of mandible (L) 71 Ischiolepta Lioy 998,1004
incisuralis (Macquart) (Atylotus) 466 Ischnom.via Locw 890, 1462
inclinate 14 Ischyrosyrphus Bigot722
incolumis Matile (Euceroplatus) 224 Isidotus Reinhard 1263
incompta Vockcroth (Dromogaster) 1096 Isocanacc Mathis 1474
incongruus Aldrich (Dicraeus) 1057 Isocolpodia Parncll 262,2'73
incurviseta Hennig (Hemilauxania) 1446 Isohelea Kieffer 395, 402,406
indecora (Loew) (Pholeomyta) 907 Isosargus Jantes 505
Indioleucopis Steyskal I 449 Istochcta Rondani 1 209, 1221
iners (Meigen) (Schroederella) 975 ltcaphila Zetterstedt 616,618
inferior orbital seta 14 lteomyia KicfFcr 291
inJerior orbital setula 14 Itolia Wilcox 550, JJ6, 56t

t54'7



I 548

jaccana (Hering) (Urophora) 822
jacinto Hogue (Philorus) 194, 195
jacgcri Hennig (Phyllomyza) 904
jamaicensis Dodge (Sarcofahrtiopsis) 1126
Jamesomyia Quisenberry 8 23, 828
Janetiella Kicfler 289
Janthinosoma Lynch Arrib6lzaga 345, 3219

J anti a Rr.th de ndorf | | 69
Japanagromyza Sasakawa 869, 870, 872
japonica Ishida (Protaxymyia) 212
Jassidophaga Acz6l748
javana Brauer & Bergenstamm (Chactcxorista) 1221
Jaynsleskia Townsend 1264
jeanae (DeFoliart & Peterson) (Metacnephia) 362,363
Jenkinshelea Macfte 406, 414
jenningsi Malloch (Simulium) 362, 363, 382
joculator (Laffoon) (Greenomyia) 23J
joffrei (Pettey) (Chaetosciara) 255
johannseni (Fisher) (Cerotelion) 235
johannseni (Sublette) (Hydrobaenus) 453
johannseni Carretr (Sceptonia) 2 34
Johannsenomyia Malloch 410, 4 I 2
Johnson's organ l6
johnsoni (Aldrich) (Wohlfahrtiopsis) I l7l
johnsoni (Curran) (Labostigmina) 499, 502
johnsoni (Spuler) (Thoracochaeta) 994
johnsoni (Stein) (Leucophora) I 107
johnsoni Coquillett (Exepacmus) 599
johnsoni Coquillett (Hesperodes) 235
johnsoni Coquillett (Stenoxenus) 4 I 8
johnsoni Darlington (Porsenus) 977
johnsoni Johannsen (Paleoplatyura) 94, 229
johnsonr Miller (Homoneura) 1449
Johnsonia Coquillett I 166, I 167, I 175, ll'78
Johnsoniini 1161,1178
Johnsonomyia Felt 269
johnstoni (Shaw) (Plastosciara) 254
jonesi (Cresson) (Bequaertomyia) 459, 460, 46 I
jonesi (Johnson) (Bittacomorphella) 327
jowl 10
jurassicus Rohdendorf (Protobibio) 427
jurassicus Rohdendorf (Protocyrtus) 582
Jurinella Brauer & Bergenstamm 1244
Jurinia Robineau-Desvoidy 1244
Juriniopsis Townsend 1244, I 246
juvenis Melander (Platypalpus) 6l I

juxta 53

kahli Kessel (Melandcromyia) 683, 687
kallima group (Phytobia) 877
Kalodiplosis Felt 281
kansensis Adams (Nemotelus) 50/, J0B, 509
karli Hendel (Amauromyza) 824
Karschomyia Felt 281, 283
kasloensis (Felt) (Polyardis) 264, 265
Katacamilla Papp 1025, 1489
katapleuron 27
katatergrte 26
katepimeron 23,26,28
katepisternal bristle 27
katepisternal setula 27
katepistcrnal sulcus 28
katepisternum 9, 23, 26, 27
katmaiensis (Malloch) (Nanna) 1092
Kawasemyia Alexander 303
keeniana Williston (Sphegina) 7 25, 7 28
Keirosoma Van Duzee 633
kellyi (Aldrich) (Kellymyia) 1176
Kcllymyia Townsend 1 166,1174, I 176
Keroplatidae 227
Keroplatidae I 350
Keroplatinae 224, 226, 227, 235, 1351

Keroplatus Bosc 16, 224, 225, 227, 235
kcrrvillensis Stone (Lutzomiops) 336
kcrteszi Duda (Mesaxymyia) 212
Kert6ziclla Hcndcl 1447
kicfferi (Garrett) (Parochlus) 428, 433. 435
Kiefferulus Goctghcbuer 442
Kimosina Roh6dek 999. l00I
kincaidii (Coquillett) (Pyritis) 726
Kirbya Robineau-Desvoidy | 2 19, I 238. 1250
knabi Shannon (Syrphus) 1 33,740
knob, of halter 33
knowf toni Curran (Myxosargus) 498, 50 I
Kompia Aitken 342, 345, 346
Kophosoma Van Duzee 634
Krenopclopia Fittkau 436
Krenosmittia Thienemann 454
Kronomyia Felt 267,269
kuehnei Hcnnig (Eopseudopomyza) 760
kuscheli S6guy (Midacritus) 537

l'hoesti Mcunier (Palaeotimia) 924, l45l
labellum, labella 20, 23

labial lobe (L) 75

labial palpus 20
labial palpus (L) 68
labial plate (L) 68

Iabial sclerite (L) 15

labial scleritc, true (L) 75

labial segment 9
labiatarum Hering (Ophiom 1"i'a,) 874
lab i oh.t: popho r)'ngeal s t leri I e I L) 7 5

Labiotipula Alexandcr 165
labis (Coquillett) (Xanthophyto) | 235
labium 16,20,23
labium (L) 68.70,15,76
Labostigmina Enderlein 499, 502, 506, 507
labral brush (L) 70
labral fan (L) 70
labral plate (L) 70
labral sclerite, dorsal (L) 70
labrum I 5, 16, 19,20, 23

labrum (L) 70, 76
labrum-epipharynr l6
Labrundinia Fittkau 436
lacinia 20
lacinia (L) 72
Iacteipennis (Loew) (Diclasiopa) 1032, 1036
lacteipennis (Loew) ( Milichiella) 906, 907
lactcipcnnis (Malloch) (Pscudonapomyza) 8ZJ
lacteipennis Melander (Anthalia) 619
lacteipcs Alexander (Tipula) 162

lacustris (Alexander) (Phantolabis) 175

laetifica Spencer (Melanagromyza) 873
lactus (Loew) (Parhelophilus) 7 28. 7 35
lacvigata (Meigen) (Leiomyza) 102, 90 1

laevis Loew (Allophyla) 915
fampra Stcyskal (Cinderella) 109, 978
Lampria Macquart 554, 566,570
Lamprochromus Mik 627, 634
Lamprolonchaea Bezzi 792,195.796, 1406, 1439
Lamprornyia Macquart 530, 531, 532, I 382
Lamproscatella Hendel 1 037, 1045, 1046
lanei Wirth (Echinohelea) 404, 410. 4I I
lantha Webb (Atherix) 48l
Laphria Meigcn 22,23, 81, U5,551 53, 555,563,567,
Laphria Meigen 554
Laphriinae 58, 549 52, 554, 555
Laphriini 549 51,569
Laphystia Loew 555, J56,561
Laphystiini 549, 550, 554, 5-55, 561
lappa (Stebbins) (Clinodiplosis) 258, 259, 27 5

lapponicus (Zetterstedt) (Eupeodes) 22Z
Lapposyrphus Du5ek & Liska722,727

INDEX
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laricis Momoi (Cephaloglypta) I 199

laricomalis Edwards (Cricotopus) 448
Larsia Fittkau 432,436
larssoni Hennig (Xanthomyza) 1462
larssoni Hcnnig (Xenanthomyza) 892, 1457
larval eye I 2, 73
larvarum (Linnaeus) (Exorista) 26,27, I 209
larvata Mik (Androprosopa) 352
lasciva (Fabricius) (Taeniaptera) 766, 767
Lasia Wiedemann 576,571, J78, 580, 581, 582
Lasiodiamesa Kicffer 45J, 433,435
Lasiohelea Kieffer 9J, 402,403,418
Lasiomastix Osten Sacken 172
Lasiomma Stein //0J. I 101, llll,1112, l1l4
Lasionalia Curran 1224
Lasioneura Coquillett 1239
lasiophthalma (Macquart) (Hybomitra) 463
lasiophthalma (Zetterstedt) (Melangyna) 7J5
Lasiopiophila Dud,a l4l,845,848, BJ/, 851
Lasiopleura Becker l05l
Lasiopogon Locw 81, 552,554, 559
Lasioptera Meigen 41, 277,278,279
Lasiopteridi 259, 261, 273, 21 4

Lasiopterina 279
Lasiopterini 259, 261 , 273
Lasioscelus Becker 1094
Lasiosina Becker 1066
laterad 9

lateral 9
lateral line 9
lateral parapsidal suture 24, 25

lateralis (Fallen) (Napomyza) 873
lateralis (Say) (Neurigona) 626, 627
lateralis (Say) (Villa) 591, 595, 597
lateralis (Walkcr) (Clusia) 19, 853, 856
laterally 9

lateroclinate I 4

lateroflexion 56
laterotgrgite 25
lathami (Curran) (Calolydella) I 197

Latheticomyia Wheeler 109, 757, 158, 759, 760
laticauda Loew (Steneretma) 801, 802
latifrons (Hough) (Eucalliphora) I I 44
latifrons (Loew) (Dasyopa) 1054
latifrons Loew (Helophilus) 72B
latigena Wood (Ligeria) 1228
latipennis (Coquillett) (Steganolauxania) 957, 960
latipennis (Zetterstedt) (Acrostilpna) I I l2
latipennis Aldrich (Meledonus) 122d
latipes (Felt) (Gongrodiplosis) 288
latipes (Meigen) (Leptometopa) 906, 907
latipes (Meigen) (Protopiophila) 848, 852
latisterna Parker (Boettchcria) I 166, I 167, l 175
latiusculus (Loew) (Ceroxys) I I 2, 799,802, 808
lauta (Loew) (Dialysis) 491
Lauterbornia Kieller 44 I, 444
Lauterborniella Bause 443
lautus (Loew) (Symmerus) 235
Lauxania Latreille 953, 956, 958
Lauxanides 1443
Lauxaniella Malloch 1 9, 956, 958
Lauxaniidac 3, 53, 108, 1 14, 143,951, 1128, 1443 18, 1504
Lauxaniidae 1483
Lauxaniinae 1446
Lauxanioidea 3, 917, 1429, 1443 50, 1441. 1487, 1504, 1505
Lccanocerus Borgmeier 98, 69 I, 697, 702, 103, 704
lecontei Alexander (Limonia) 154, ,/Jj
Ledomyia Kieffer 268, 277,289
Ledomyiini 259, 289
legs 10,35,36
Leia 226,228, 233,240
Leiini 228
Leiomyza Macquart I 02, 899, 901, 900, 1467, 1168
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Lcjops Rondani 7 26. 7 3 3, 7 3 5, 738, 7 4l
Lejota Rondani 732,736
Lcmnaphila Cresson 1029, I 03 5, 1041
Lemurimyza Spencer 872
Ienis Osten Sacken (Ptychoptera) 327
Lenkokroeberia Prado 941

lens (L) 73

Lcnziclla KicfFcr 443
lepida (Mcigcn) (Rhinophora) I ltl9
Lepidanthrax Osten Sacken 595,600
Lepidomyia Loew 715, 724,129
Lepidophora Westwood 591, 592, 597
Leptidac I 376
leptis (Osten Sacken) (Arthroceras) 107,485
Leptocera Olivier 10J, I 10, 124, 1 45, 995, 996. 997, 99'1, 998, 1002
Lcptoccridae 1483
Leptoce ri nle H e nde I | 484
Le pt oc hi romt mu s P a gas t 438
Leptoconopinae 393, 394, 395, 396
Leptoconops Skuse 40, 395 , 396. 396, 397 , 398
Leptogaster Meigen 81,550-54,555, -tJ6,557, J6-5, l4l5
Leptogastridae I 387
Leptogastrinae 532, 550 51, 555, | 387
Lcptometopa Becker 35, 904, 905, 906,907
Leptomorphus Curtis 224, 23 I ,238,
Leptomydinae 537,539
Lcptopeza Macquart 608, 618, 619,620
Leptopsilopa Cresson I 0 32, 1036
Leptopteromyia Williston 554, 555, JJ6
Loptolarsus Gu6rin-Mdneville 15.1, 152, 162. 179

Leriola Gorodkov 975
Lcschcnaultia Robineau-Desvordy 1213, I 213
Leskia Robineau-Desvoidy I 230, 1264
Leskiella James 1264
Lcskiini I19,{
Leskiomima Brauer & Bergenstarnm 1264

Leskiopsis Townscnd I 235, 1264
Lespesra Robineau-Desvoidy I 34,1211,1213,1215, I 237
lesscr ampulla, ampullac 28
Lestodiplosis Kieffer 1 l , 27 5, 278, 287
Lestomyia Williston 555, 557, J58
Lcstremia Macquart 260, 264, 26 5, 266
Lestremiidae 1350
l-estremiinae 86, 89, 92, 250. 251,259, 261, l35l
Lcstremiini 259, 261, 263
leucaniae (Coquillett) (Pate|loa) I 234
Leucopella Malloch 1449

leucopeza (Meigen) (Aulacigaster) I I 3, I 10, 89 l, 892. 893
lcucopcza (Mcigcn) (Monohelea) 409, 410
leucophaeata (Reinhard) (Eucelatoria) 12J8
Leucophenga Mik 1012, 1016
Leucophora Robineau-Dcsvoidy 1 103, I 107, lll2. ll13
leucophrys (Wicdcmann) (Leschenaultia) 1243

Leucopini 961, 1446, 1449
Leucopis Meigcn 43. I 42, 965, 966, 967, 968, 969, 970, \r70. 1143,

t111, 1149
Leucopodella Hull 121
Leucopomyia Malloch 969,970, 1449

lcucoprocta (Wiedemann) (Bithoracochaeta) I 125

leucoprocta (Wiedernann) (Ogcodocera) 595
leucoproctum (Loew) (Hydrochasma) /031
Leucopsina Wcstwood 577
leucoptera (Johnson) (Neaera) 1235
Leucostoma Mcigen I 195, I 196, 1213,1251. 1252,1259,1263
Leucotabanus Lutz 465, 466, 471, 472, 47 3, 41 5, 416
[-eucozona Schiner 722
levanidovac Rohdcndorf (Nymphomyia) 206
lcvida (Harris) (Muscina) / 122
levis (Coquillett) (Atrichopogon) 102, 409
lherminicrii (Macquart) (Sparnopolius) 594
Liancalus Locw 633, 635, 637
Librclla D. K. McAlpine 1012, 1176-18
Ligcria Robincau-Desvoidy 1228
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light-sensitive ccll, of cye (L) 73
ligula (L) 70
liguloid arch (L) 75

Ligyra Newman J9J, 600
limata (Coquilletr) (Zrzyphomyia) 1 2 I 8
limbatus (Williston) (Opomydas) 5 36, 537

limbellatus Enderlein (Anacimas) 467
limbrocutris Adams (Euparyphus) 506, 502
limenitis Steyskal (Pherbecta) 934, 931
Limnellia Malloch 1045
Limnia Robineau-Desvoidy 934, 938
Limnophila Macquart 167, l7l, 113, 174. I 84, 181
Limnophora Robineau-Desvoidy 76,81, ll 18. ll24
Limnophyes E alon 4 30, 447
Limnospila Schnabl I I 19, 1126
Limonia Meigen 154, 1J5, 156, 160,166,167. 168, 178,184,185-87

1357
Limoniidae 1339, 1341, 1342
Limoniinae 79,154,156, 158, 159, 178, 119,1344
Limoniini 159, 166, 178
limosa (FaJl6n) (Leptocera) I 10, 997, 998
Limosia Robineau-Desvoidy I I 23, 1126
Limosina complex 995
Limosina Macquart 999, 1000, 1003, 1004
Limosininae 994, 995, 1484
limpidipennis (Wilcox) (Backomyia) 565
Lindneria Mannheims 163
Lindneromyia Kessel 683
lindsleyi Sturtevant & Wheeler (Asmeringa) 1038
linearis (Townsend) (Sphaerina) I 225
lineata (Meigen) (Palpomyia) 4/Z
Iineata Loew (Clinocera) 615
lineata Van Duzee (Micropeza) 1 1 1 , 761 ,761
lineata Wheeler (Latheticomyia) 7513

lineatum (Villers) (Hypoderma) I I 50, 1 /J5
Linei (Malloch) (Delia) ll l4
lineola Fabricius (Tabanus) 477
lineolatus (Wiedemann) (Telostylinus) 770
Linnaemya Robineau-Desvoidy I 2 27, 1257, 1260
Liochrysops Philip 466, 411
Liogma Osten Sacken 161, 165, 179, /8r, 1348
Liohippelates Duda 1051, 1061
Liopiophila Duda 848, 852
Liopygia Enderlein 1169, 1 176
Liosarcophaga E,nderlein I 168
Lioscinella Duda 1060
Lipara Meigen 900, 1049, 1050, 1052
Lipochaeta Coquillett 102'7, 1 034, 1039
Lipoleucopis de Meijere 966,961, 968, 1119
Lipophleps Bergroth 1 7 3, 174, 115
Lipoptena Nitzsch 124,1212 74, 1275, 1278,1280
Lipopteninae 1274
Lipsothrix Loew 1 56, 173,174, 186
Liriomyza Mik 870 12, 87 3, 874, 876, 8'17, 878
Lispe Latreille I116, ll18, ,/./19
Lispideosoma Townsend 1220
Lispocephala Pokorny I I 18, I 125

Lispoides Malloch I 1 23, 1126
Lissocephala Malloch 1490
Listriomastax Enderlein 1075
Litoleptis Chilcott 483, 484, 485,1319,1383
Litolinga lrwin & Lyneborg J15, 5l 8, 519
Litophasia Girschner 1200
litorea Robinson (Nanomyina) 628, 629, 634
litoreus (Enderlein) (Apetaenus) 1075
littoralis (Malloch) (Tetramerinx) 1120
littorea (Hutton) (Macrocanace) 1074
litturata (Olivier) (Euantha) I 242, 1249
lituratus (Loew) (Teuchocnemis) 7 28, 7 35
livida Hall (Calliphora) I142
Lixophaga Townsend I 197, 1 198, 1233, 1 235, 1236, I 256
lobata (Felt) (Hyperdiplosis) 268
lobe, adanal (L) 79

INDEX

lobe, alular 33

lobe, anal 29, 33

lobe, antennomaxillarr- (L) 74. 75

lobe, anterior surstylar 55
lobe, apical; of gonocoxite 5l
Iobe, axillary 29
lobc, basal: of gonocoxite 5l
lobe, cndire (L) 72
lobe. incisor; ol mandible (L) 7l
lobe, labial (L) 75

lobe. rnedian surstl'lar 55
lobe, molar; of mandible (L) 7l
lobe, ovipositnr 44
lobe, paraphallic 5 I

lobc, posterior surstylar 55
lobe, postpronotal 23
lobc, primary phallic 5l
lobe, subapical; ol gonocoxite 5l
lobe, surstylar 55

Lobodiplosis Felt 27 6, 281, 284
Lobogaster Philippi 3 I 0

Lobopteromyia Felt 286
Lochmoslyliinae 814, | 441

locomotory ridge (L) 80
locomotorv spinule 8l
locomotory structures (L) 80-82
loewi Hennig (Prophaeomlia) I2152

locwi Meunier (Palacosicus) 751, l,+38

Loewia Egger I 198, 1253
Loewimyia Sabrosky 899, 90 I, 902, | 161
Loicia Vockeroth 2 30, 237
Lomatiinae 599
Lonchaca Fall6n 36, 13. I 1 2. 115, 791, 793, 794,795,796, 954, 1439

I'l'+6
Lonchaeidae 3, 15,35, 36, 53, 55,59,86, 109, I 12, I 15, 117.144,

145, r47,791,80r,840,842, I401, 1405, 1406, 1428, 1437-39,
1476, 1411, 1504

Lonchaeinae 795, 1439
Lonchaeini 795. I 439
Lonchaeoidca 917. 1443
Lonchoptera Mcigen 37. 98, I I I, 1 36,675,676,678,619, 1402
Lonchopteridae 2,32,55,77,80,98, 100. I I I, 136,675, 1403, l4l I,

1412, 1414, 1415, t419, 1122.1421,1504
Lonchopteroidea 2

lonchopteroides Walker (Cadrema) 679
longiceps Sabrosky (Bahamia) 900
fongicornis (Coquillett) (Odontoloxozus) 102, 1 1 I ,769,770
longicornis (Coquillett) (PseudocalJiope) 955
longicornis (Reinhard) (Eunemorilla) /205
longicornis (Sturtcvant & Whcclcr) (Pseudohyadina) 1043

longicornis (Walkcr) (Hexatoma) 162

longicornis Bigot (Stictomyia) B02
longicornis Mclander (Ccratempis) 614
longicornuta Papp (Risa) 1475
fongifrons (Brues) (Phalacrotophora) 692, 700, 706
longimana (Felt) (Didactylomyia) 272

fongirnana Fall6n (Tanypezl^) | I 1,773,771
longinasus Shannon (Cynorhinella) 7 27, 7 13

Longipalpifer Lcvi-Castillo 346. 319
longipennis (Loew) (Sphaeromias) 401, 4 I 3

longipennis (Loew) (Suillia) 108, 976
longipennis (Macquart) (Megistocera) 159. I 6 I
longipennis (Wiedemann) (Strauzia) 818. 820, 826
longipennis Fabricius (Hippobosca) 104, 1714, I 276, I 279
longipennis Loew (Mycetaulus) 846, 848, 850
longipes (Loew) (Stenoscinis) 1054, 1056

longipes Loew (Bibio) 2/Z
longirostris Becker (Risa) 1475

Jongirostris Johnson (Rhynencina) 821

longistyla Krober (Apsiloccphala) 517, 518
longiterebra Hennig (Latheticomyia) 259
longithorax Rondanr (Nothybus) 1435
Longurio Locw I 54, 162, l7e
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longus (Walker) (Cosmetopus) 1091, 1094
Lopesiodinia Prado 866
Lophosceles Ringdahl I I 20, ll29
Lordotus Loew 594,596
loriola (Reinhard) (Trochiloleskia) 1264
Lotophila Lioy 1004
lower calypter 29
lower facial margin 15

lower frontal seta l4
lower orbital seta l4
Loxocera Meigen 145, 782,783,184, 1434
loxocerata (Fall6n) (Hexamitocera) 1088, 1096
Loxoceridae 1434
loxodontis Rodhain (Ruttenia) 1 150
lucens Meigen (Lipara) 1050, 1052
Lucilia Robineau-Desvoidy I 135, 11-18, ll40
Luciliini 1135,1140
lucorum (Linnaeus) (Leucozona) 7 22
luctuosa (Meigen) (Cerodontha) 873
f uctuosa Melander (Gloma) 48,616,1406
luctuosum Meigen (Orygma) 946, 947, 1453
ludens (Loew) (Anastrepha) 820, 822
lugubris Fries (Hydrobaenus) 450
lunata (Fabricius) (Stomorhina) I I 39, 1140
Lunatipula Edwards 154, 155, 157, l6l,165
Lunomyia Curran & Fluke726,14l
lunule 14, l5
lupulina (Fabricius) (Minettia) 951 ,962
lurida (Garrett) (Boreoheptagyia) 437
lurida (Loew) (Geomyza) I I 3, 881, 883, 884
lurida (Meigen) (Suillia) 975
lustrans (Reinhard) (Catharosia) I 24 2

lutea (Malloch) (Strlobez.zia) 404
lutea Painter (Lepidophora) 592, 597
lutea Panzer (Lonchoptera) 678, 679
luteata (Haliday) (Allopiophila) 846, 848, 852
luteipes (Williston) (Antissa) 498, 502
Iuteisquama (Zetterstedt) (Helina) I 129

luteiventris Schmitz (Gymnophora) 691, 709
luteoala (Garrett) (Schroederella) 975
Lutomyia Aldrich 124, 973, 91 5, 976, 978
lutosa group 997
Iutosopra (Garrett) (Odontomesa) 437
lutzi Curran (Jurinella) 1244
Lutzomiops Lane 336
Lutzomyia Franca 82, 294,296,298
Lyciella Collin 954, 959
Lycoriella Frey 25 I, 252, 253,255
Lydella Robineau-Desvoidy 1197, I 208, l2l5
Lydina Robineau-Desvoidy 1195, 1220
Lygistorhininae I 35 1

Lygistorrhina Skuse 224, 225,226, 229,236
Lygistorrhininae 227, 236
Lygocecis Gagn6 290
Ly nc hia Weye nber gh | 27 4

Lynchiella Lahille 342, 346
Lyneborgia Irwin 517
Lypha Robineau-Desvoidy 134, tt95, I 198, 1201,

1257
Lyphini I 188

Lyphini I 188, 1220
Lysilinga lrwin & Lyneborg 5 I 8, 519
Lytogaster Becker 1029, 1043

M 29, 30
m29
m-nigrum (Zettersledt) (Desmometopa) t 13, 141,
Mr, Mz, M329,30
M4 32
Mo, true 3l
MA 29
maackia (Amur) 758
mabelae (Cresson) (Ptilomyia) 10J4

l22t), t242. r243.

l55l

macateci (Malloch) (Canacea) 1079,1080, 1081, 1082
macatcci Malloch (Canace) 82, 1J6

Macateeia Malloch 1112
macellaria (Fabricius) (Cochliomyia) 1136, I 137, I 139

macer Loew (Systropus) 592, 597
macfarlanci (Jones) (Bradysia) 249

macgillisi Chillcott (Bolbomyia) /8, 485
Machimus Locw 555, 556, 566,511
mackenzie (Dahl) (Trichocera) 303

macquarti Zettcrstcdt (lteaphila) 616
Macquartia Robineau-Desvoidy I 195, I 196, 1201, | 226, 1258,1262
Macrobrachi us D ziedzicki 245
Macrocanace Tonnorr & Malloch 1074, 1075, 1080, l4t3
Macrocanat'e Tonnoir & Malloch 1015
Macrocera Meigen 2 2 3, 224, 2 29, 236
macrocera (Say) (Cerotainia) 565
Macroccrinac 227
Macrochile Loew 150

Macrodiplosis Kieffer 288
Macromastix Crampton 58

Macromeracis Enderlein I 378

Macromya Robincau-Desvoidy 1201, 1202, 1 234
Macronychia Rondani I 160, I l6l, I 179,1181,1500
Macropelopia Thienemann 434
Macropclopiini 433, 434
Macropeza Meigen 4l 3, 474
Macrophorbia Malloch I 106

macrophylli Wenzel (Trichobius) 1297

macropi Froggatt (Tracheomyia) I I 52

macropogon (Bigot) (Menetus) I 222, 1251

macropus Walker (Sepedomerus) 934
Macrorchis Rondani 1126
Macrorrhyncha Winncrtz 229, 236
macrotrichium, macrotrichia 10, 33

Mactomyia Reinhard I 227, 1260
macula (Loew) (Poecilomincttia) 956
maculata (Crcsson) (Pherbellia) 9J0
maculata (Felt) (Solntsevia) 267, 272

maculata (Stein) (Leucophora) I 103

maculata Mcigcn (Odinia) 864
maculata Wilcox (ltolia) 556
maculicornis (Hine) (Neopachygaster) 18,499,501, 506, 507, 508,

509
maculipcnnis (Becker) (Heleomyza) 97 5, 979
maculipennis (Krriber) (Rhagioforma) 5/5, 5l 9
maculipcnnis (Spuler) (Spelobia) 1000

maculipennis Meigen (Trichocera) 303

maculipcnnis Walker (Tachydromia) 61 I
Madiza Fall6n 102, 905, 906, 907. l41 1, 1414
Madiza Falltn 1058
madizans (Fall6n) (Trimerina) 1029, 1036, I 042
Madizinae 903, 904, 905,1414, l416
Madremyia Townscnd 1211

magistri (Aldrich) (Enlinia) 630
magna Brooks (Onychogonia) 1208
magna Johnson (Arthropeas) 49l
magna Osten Sacken (Toxorhina) 173

magnicauda Cagn6 (Thaumadiplosis) 287

magnilica (Walker) (Archilestris) 56 I

magnipalpis (Aldrich) (Woodiphora) 691 ,702
magnipennis (Johannsen) (Jenkinshelea) 406
major (Coquilletl) (Trichobius) 1296,1291. I 299
major (Hine) (Caloparyphus) 499,506, 507
major Linnaeus (Bombylius) 97, 591, 592

majuscula Locw (Ptiolina) 4B5

Malacomyia Haliday 922, 1450
mali (Fitch) (Lycoriella) 251

maliea Hendel (Eurychoromyia) 1444, 1 446
mallochi (Sabrosky) (Speccafrons) 105J, 1058

mallochi (Sturtevant) (Pelomyiclla) 1076, 1077
Mallochohelea Wirth 394. 406, 414, 416
Mallochomyza Hendcl 959, 961,963
Malloewia Sabrosky I 054, 1058

903, 907
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Mallophora Macquart 550, 553, 554, 566,569. 571
Mallophorina Curran 550, 552, 560,511
Mallota Meigen7l4,738
mana Pritchard (Micromya) 260, 264, 265
manca (Greene) (Chaetostigmoptera) 1233
Mancia Coquillett J9J, 600, 1373
mandible 18, 20
mandible (L) 10, 71, 72, 1 4, 1 5, 16, 82
mandible, segmentation of (L) 7l
mandibular articulation, anterior (L) 68
mandibular brush (L) 72
mandibular sclerite, accessory (L) 12
mandibular segment 9

mandibulata Aldrich (Melanderia) 628, 6 29
manicata (Doane) (Ormosia) 1ZZ
manitobensis Curran (Microdon) 7 39
Manota Williston 224, 225, 229,236
Manotinae 224, 226, 227, 236, 1351
mansoni Chillcott (Symballophthalmus) 610
Mansonia Blanchard 342, 343, 345, 347, 1365
Mantidophaga Townsend 1173
mantis (De Geer) (Ochthera) 1012
manubrium (L) 65,61
manuleata (Loew) (Melanomyza) 956
Maorimyia Tonnoir & Malloch 924, 1451
Marbenia Malloch 898, 1465
margarita Alexander (Protanydcrus) 150
marginalis (Banks) (Pericoma) 91, 294, 296
marginalis Curran (Arctophyto) 122J
marginalis Fabricius (Tabanus) 69, 473
marginata (Say) (ldana) 808
marginata (Say) (Physocephala) 75 I
marginata de Meijere (Coccopsis) 272
marilandica Felt (Neocatocha) 269
Mariocladius Sublette 455
maritima Hardy (Apiocera) 543, 514, 1386
marmorata (Bigot) (Leucopodella) 721
marmorata (Osten Sacken) (Limonia) 168
marshalli Stone & Wirth (Clunio) 4.14
marsupialis (Loew) (Putoniella) 288
martini Spencer (Melanagromyza) 87 4
martinorum Wilcox (Wilcoxia) 560
Maruina Mtiller 82, 296,297,298,299, 1311
Masiphya Brauer & Bergenstamm 1198, 1215. 12J2
Masiphyini 1215
Masiphyomyia Reinhard 121 |
Masistylum Brauer & Bergenstamm 52,1215,1240
Masoniella Vockeroth 1075, 1076, 1 077, 1473
mating 56

mating position, final 56
mating position, tail-to-tail orientation 56
mating position, unidirectional oricntation 56
matthewsi Steyskal (Dictya) 936
maura (Meigen) (Ophiomyia) 8ZJ
Mauromyia Coquillett 1 222, 1253
maxilla (L) 72, 7 4
maxilla, maxillae 18, 20
maxilla, second 20
maxillary blade 20
maxillary palpus 20
maxillary palpus (L) 72
marillary plate (L) 68
maxillary sclerite (L) 72
maxillary segment 9
Mayacnephia Wygodzinsky & Coscaron 365,3'70,388, J89
Mayetiola Kieffer 268, 289, 290
mcalpinei Hennig (Morgea) 795, 842
Mecynocorpus Roback 1168, 1 120
Medctera Fisher von Waldheim 627, 628, 629, 630,631, 635, 6J6,

631
mcdia 29
media Clements & Bennett (Mallophora) 553
medial 9

medial crossvein 32
mcdial-cubital crossvein 32
medially 9

median arca 9
mcdian callus 14
rnedian line 9

median notal wing process 25
mcdian occipilal sclcrite l6
median plate 29
median scutal suturc 25
mcdian surstylar lobe 55
ntediana l5
Medina Robineau-Desvoidy' 1 197, 1201. 1 217, 1225, 1 252
rrcdiotergite 25
meditabundr (Fabricius) (Myospila) I 124
megacera (Osten Sackcn) (Hexatoma) 162
Megachetum Rondani 782
Megaconops Wirth & Atchley 396,397,398
Megagrapha Melander 610, 61 I
Megalinga lrwin & Lyncborg 95,515, J/6,518
Megalopclma Endcrlein 228, 2l1.231 ,238
Megalybus Philippi 5ti I

Mcgamerina Rondani 1435

Megamcrinidae 35,788, 1432 36.1439, 1450. 1504
Mcgaparia Wulp 1248
Megapariopsis Townsend I 231. I 24l , 1219
\'[egaphthalma Beckcr 1093
\'[egaphthalmoides Ringdahl 1095
Mcgapodinae 554
Megapodini 552
Mcgaprosopus Robineau-Desvoidy 1254
mcgarrhina Ostcn Sacken (Gnoriste) 225
Megascelinac 544
Megascclus Philippi 5a1, 542, 544, 1 388
Megaselia Rondand I 37, 695, 705.'706.'708, 709
Mcgasyrphus Du5ek & Liskal23
megerlci (Wiedemann) (Agkistrocerus)'/6/
Mcghyperus Locw 18, 613,621,1390
Megistocera Wiedcmann 58, 151, 159, 161, l8l
Megistomastix Alexander 159
Megistopoda Kolenali 1296, 1297
Megophthalmidia Dziedzicki 23 3, 240
Mcigcnia Robincau-Desvoidy I 197, l).O1 ,1224, 1235
Meigcnielloides To*nsend I 198. 1233
Meillonicllum Rubtsov 359
Mclaleucopis Sabrosky 966, 1449
Melanagromyza Hendel 35, 869 72, 873, 874,815. 876
Melananthomyza Malloch 890
rnelancholica Bccker (Oscinella) | 060
melanderi (Alexander) (Hcsperoconopa) 172
melanderi Brues (Acontistoptera) 69J, 698,700,'l l0
melandcri Cockercll (Nomia) I l6l
melandcri Stone (Parasimulium) 364. 365, 373
Melanderia Aldrich 625, 628,629, 632
melanderiana Alexandcr (Erioptera) 178

Melanderomyia Kessel 683, 681,686,687. 1415, 1422
M elanderomyia Ke.sse I 1422
Melangyna Y errall 722, 123, 7 3 5
Melanochaeta Bezzi 7055. 1056
Melanochthiphila Frey 1449
Melanoconion Theobald 312, 346, 319
Me lanodexia Williston l I 17, I I 39, ll40
melanogaster Mcigen (Drosophila) 116, 140, 101 I, 1015

Melanolimonia Alexander l6tJ
Melanoloma Loew 833, 834
Mclanomya Rondani I 136, I 188

Mclanomyza Malloch 955, 956, 958, 960, 962
melanophleba (Loew) (Tabudamima) 520
Mclanophora Mcigen 52, 104, 120,l2l . 1187,l1ti8. 1189, 119l,

l 191, l25l
Melanophrys Williston 1 2 27, 126l
Melanophytobia Hering 872
melanopogon Steyskal (tr-emomydas) 531. 536, 531
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mclanoptera (Fall6n) (Morinia) I I88
melanoptera (Meigen) (Anthracomyia) I 188
melanoptera Mamacv & Krivosheina (Protaxymyia) 212
Mclanostoma Schiner 7l 8, 7 I 9, 721, 7 30
Melanthomyza Malloch 1462, l48l
melanura (Loew) (Acidogona) 826
melanura (Meigen) (Bellieria) I 164, 1169, l l7 I
melas Bigot (Myelaphus) 56J
Meledonus Aldrich 1 226, 1254
Melieria Robineau-Desvoidy 799, 807
Meligramma Frey 722, 123
Melinda Robineau-Desvoidy I I36
Melinocera Townsend I 261
Mef iscaeva Frey 718, 120,730
mella (Walker) (Exorista) 1235
mellifera Linnaeus (Apis) 751

mellinum (Linnaeus) (Melanostoma) 7 19, 721, 730
Meloehelea Wirth 399, 408
Melophaginae 127 4

Melophagus Latreille 123, 124, 1212 14, 1 279, l2g0
membrane, anepisternal 26
mcmbrane, clypeolabral l9
membrane, conjunctival l0
membrane. frontoclypeal | 5

membrane, intersegmental l0
membrane, of wing 33
membrane, pleural 26
Menetus Aldrich I 222, l25l
menthae Spencer (Calycomyza) 874
menlum 20
mentum (L) 68
Meoneura Rondani I 19,909, 910,910,1472
Meoneurites Hennig 910, 1470, 1412
meralis Reinhard (Clastoneuriopsis) 1221, 12J0
Merapioidus Bigor 725. 736
Mericia Robineau-Desvoidy I 261
meridiana Hendel (Calycomyza) 877
meridionale Riley (Simulium) 362, 363, 37 I, 379,381
Meringodixa Nowell 331, 332,333
Merodon Meigen 7l 8, 7 28, 737
Merodontini 715 17

Meromacrus Rondani 741
Meromyza Meigen 35, 1050, 106t,1064
meron 28, 35

Mcropeidae I 341

meropleurile 28
meropleuron 28

Meropliosepsis Duda 946, 949
Meroplius Rondani 947, 949
Merosargus Loew 499, 506, 5 l0
Meruia Sabrosky 577
Merycomyia Hine 86, 465, 467, 468, 47 3, 474, 4i6
mesad 9

mesal 9
Mesaxymyia Mamaev 212
Mesembrina Meigen 1l2l
Mesembrinella Giglio-Tos I 135
Mesembrinellidae 1504
Mesembrinellinae 1 136, 1499
me s e pi s t e r nal groove 28
mesepislernal sulcus 356
meso-, omitted 23

Mesochria Enderlein 3 l0
Mesocricotopus Brundin 445
Mesocyphona Osten Sacken 178
mesoJrons l4
mesolobe 55

Mesomydae 1424
meson 9

mesonolum 24
mcsonotum, fiue 23,27
Mesophora Borgmeicr 703
mesopleuron 26

mesopleuron, truc 26
Mcsorhaga Schiner 628, 629,630
mesosculum 24
mesosome 3'l
Mesosphaerocera Kim 997, 1004
mesosternum 27, 28
mesolhoracic Ieg 35

mesot horaci c s pi rat le 23

mesothorctcic spiracle ( L) 83

mesothorax 23, 24
Messiasia d'Andretta 535, 537, 539
messor (L) 66
mctacephalic rod (L) 65,67
nelacephalon l5
Metachela Coquillett 612
Mctaclythia Kessel 683, 684
Metacnephia Crosskey 362, 363, 366,370,375
Metacosmus Coquillett 591
Metadexia Coquillctt 1249
Metadioctria Wilcox & Martin 564, J6J
Metaforcipomyia Saunders 399
metakatepistcrnum 28
Mctalcucopis Tanasijtschuck I 449
Metalimnobia Matsumura 156, 160, 166,168
metallica (Colc) (Rhinonapaea) l04l
nrctallica (Williston) (Neoascia) 224
metallicum Bellardi (Simulium) 360
Mctamyia Arnaud 1257
metanepisternum 28
Mctancpsia E.dwards 224
Metangela Rribsaamcn 248,250, 253
metanotum 24,25
motanoturn, true 28
Metaphyto Coquillett 126 I

Metaplagia Coquillett 1250
mctaplcural suture 28
metapleuron 25
metapleuron, true 28
mctapneustic spiracular system (L) 83

Metapogon Coquillett 56I , 568
'metasternum' 28
metastcrnum, true 28
M etasyrph us M atsumu ra 7 23

metalorsus 36
Mctatephritis Foote 829
metathctracit leg 35

netalhotl(i( spiracle 23, 28, 83

mctathorax 23,28
Metatrichia Coquillctt 526, 527
Metatrichoccra Dahl 301, 303
Mctavoria Townsend I 250
metepimeron 28
metepistcrnum 28
Metopia Meigen 1180, ll85
Metopina Macquart 693, 698, 708
Mctopininae 695, 696, 702
Metopinini 695,702
Metopiops Townsend l2l0
Mctopomuscopteryx Townscnd I 226, 1258
Metopomyza Hendel 877
Metoposarcophaga Townscnd 1174, 1 175
Metopotachina Townsend I 244
Metriocncmus \Nulp I 3 2, 446
metroloas Meinert (Miastor) 269
meunieri (Hendel) (Electroclusiodcs) 857, 1457
mcxicana (Wiedemann) (Dyseuaresta) 828
mexicana Malloch (Stenopyrgota) 814
mexicana Stcyskal (Mexicoa) 942
mcxicanum Borgmeier (Xanionotum) 700
mexicanus Curran (Xanthandrus) 721, ZJO

Mexicoa Steyskal 941, 942,942
Miarnimyia Townscnd 1239
Miastor Meincrt 260, 269

I 553

J86.388



I 554

micheneri (Flukc) (Lcpidomyta) 7 21, 7 29
micidus Reinhard (Opsidiotrophus) I 182

Micrempis Melander 97, 610, 6l I
microcephala (Kraft & Cook) (Borboridea) 498, 503
microcera Malloch (Fergusonina) I 459
Microcerella Macquart I 167, I 172,ll14
Microcerellini 1 | 61, ll7 4
Microchaetina Wulp 1220, 1234, 1241,1249
Microchironomus KiefFcr 438
Microchorista Byers 1336, 1364
Microchrysa Loew J01, 505, 506, 507,510
Microcyrtura Robinson 627
Microdon Meigen 77, 1 33,7 11, 7 18, 727,729, 730, 733
Microdontidae 1504
Microdontinae 1 13, I 15 17, 118
Microdontini 717
Microdrosophila Malloch | 10, 171 , 1013,1017
microglossa S6guy (Mitrodetus) 537
Microhelea Kietrer 403, 407
Microlynchia Lutz, Neiva, & Lima 1275,127'7,1278
Microlytogaster Clausen 1028, 1030, 1042, 1043
Micromintho Townscnd I 2l 8
Micromorphus Mik 634
Micromya Rondani 260, 263. 264, 265, 1 365
Micromyini 261
Micromyzidae 148 I

Micromyzides Fall6n l48l
Micropeza Meigcn 111, 76 l, 763, 761, 765
Micropezidae 3,36, 3U, 82,86, I I 1, I 14, 144, 145,761.

l 501
Micropezinae T 61, 7 65, 1 432
Micropezoidea 44, 1457
Micropezoidea 1430
Microphorella 614
Microphoridae 1389
Microphorinac 609, I 389
Microphorus Macquart 58, I 07 , 609 , 6 | 6, 61'7 , 623
Microphthalma Macquart I 2 23, 1251
Microprosopa Becker 109l, 1095
microps Byers (Baeonotus) 12J, 261, 28J
Micropsectra Kieffer 429, 4 32, 444. 45 I
Micropterigidae 1338
micropyga Duda (lschiolepta) 998
Microsania Zetterstedt 53, 682, 683,681,1422
Microselia Schmitz 696
Microstylum Macquart 550, 555, 556.561, 565
Microtabanus Fairchild 465, 411, 4'12

Microtarsina Schiner I 188

Microlendipes Kieffer 43I , 442
Microtipula Alexander 163
microtrichium (L) 79, 80
microtrichium, microtrichia 10, 33

mid coxa 35

mid coxal prong 35
mid femur 35

mid tibia 35

Midacritus S6guy 537
midleg 35

milbertii Macquart (Proctacanthus) 558
Milesia Latreille'7 | 8, 7 28, 732
Milesiinae 717
Milesiini 716
Milichia Meigen 903, 908
Milichiella Giglio-Tos 906, 907, 908
Milichiidae 3, 14, 35, ti2, 102, ll3. 115, l2l. l4l, t43,

1012, 10'75,1080, l4t 3, 1428, 1466, 1468 78. 1484,
Milichiinac 903, 904, 905, 147 1

Milichioidea 917, 1468, 1416, 1484
milk gland 44
millefolii (Wachtl) (Ozirhincus) 279
Miltogramminae 104, ll60-62,1163, 1179, 1180, 1183, 1200, 1500
Miltogrammini I160 62, ll78
mima (Hennig) (Compsobata) 264

INDEX

mimctica (Malloch) (Craspedochocta)
Mimologus Reinhard l2l I

mimoni Theodor & Peterson (Basilia)
Mindidae 1478. 1504

1109, 1il2

1288

Minettia Robineau-Desvoidy 53, /08, 95 l, 953, 956, 957, 962, 964
Minilimosina Roh6dek 1000. 1001.1002, t004
minima (Strobl) (Calamoncosis) 105J
minor (Haliday) (Enicomira) 947, 949
minor (Wirth) (Nilobezzia) 4/6
minor Suwa (Oedoparcna) 1 45 I

Minthodexiopsis Townscnd I 265

Minthozclia Torvnscnd I 249
minuta (Mcunier) (Parcuthychaeta) 1022

minuta Wirth & Lee (Paradasyhelea) 402, 407
nti nu I i ss i ma grou p ( Li mos i na ) 1 003
rninutus Van Duzee (Paraclius) 630
mioccnica (Cockcrell) (Bittacomorphella) 326

miocenica (Cockerell) (Thelida) 975

nt i ocen i ca ( H ete romy ie I la ) 97 5

mira Coquillett (Eusiphona) 906, 907

mirabilis (Collin) (Opalimosina) 1003

mirabilis (Ostcn Sackcn) (Orirnarga) 166, 169

mirabilis Melander (Helcomyza) 923, 925,926
miranda Stuckenberg (Tongamya) 5'12-44
rnisclla Oslen Sacken (Pterodontia) 528
mitis (Curran) (Cr-zcnis) 12J8
mitis (Rcinhard) (Cinochita) 1263

Mitrodetus Gerstaeckcr 535, 5J6, 537

Mixogaster Macquart 729,7 30
mixta Stcyskal (Hcdria) 930. 934, 936. 938
mixtum 51-me & Davies (Prosimulium) 355. 361,362. 363, 368, 375
Mnesarchaeidac 1337
Mochlonyx Loerv 336, 33'7, 337, 339, 1363

Mochlosoma Brauer & Bergenstamm 1248
Mochlostyrar Dy'ar & Knab 342
modesta (Wiedernann) (Argoravinia) I 163

modesta (Zetterstedt) (Protoclythia) 684
modcsta Williston (Trichopteromyia) 264, 270
modcstus (Say) (Dicrotcndipes) 440
Moehnia Pritchard 250. 254
nogolloncnsis Kesscl & Kesscl (Symmctricella) 685' 686
molar lobe, oi mandible (L) 7l
mollis Becker (Scathophaga) l0tl6
molliterga Gagn6 (Cordylodiplosis) 289

MoJophilus Curtis 58, 173.115, /81, 183

monacha Osten Sacken (Asphondylia) 267,274
Monardia Kiefler 263, 264
Monarthropalpus Rtibsaamen 283
Monepidosis Mamaev 213, 274
mongolica Prpp tRisa) 1475

monilicornis (Coquillett) (Forcipomyia) 408
rronilicornis Wirth & Blanton (Rhynchohelea) 102,406' 407' 108

moniliiorm l6
monilis (Linnaeus) (Ablabesmyia) 435
Monocerornyia Shannon 729
Monochaetoscinella Duda I 054, 1055
monochromus (Wulp) (Parachironomus) 4J9
Monoclona Mlk 230,231
Monoculicoidcs Khalaf J9J, 405, 4 I 8

Monodiamesa Kieffer 437
Monohclea Kietlcr 104, 409. 410
Monopelopia Fittkau 428, 436
montana (Coquillctt) (Frcraea) 1 211, 1254
montana (Shannon) (Acroncsia) 1/39
montana Aldrich (Symphoromyia) 1/
montana Day (Tetanocera) 936

montanensis (Parker) (Toxonagria) I 179.118lr, I 183

montanum Rdder (Asindulum) 22J, 236
monticola (Osten Sackcn) (Ormosia) /60
monticola Alcxander (Rhabdomastix) 1 76

monticola Alcxander (Tipula) 154, 155

monticola Mclander (Brochella) 617

Morellia Robineau-Dcsvoidy 1121, I 122

739.740

r 430 32,

I47.903,910
I 50.1
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Morgea Hennig 795, 840, 842
morigera Rernhard (Enrogalia) I 216, 1233
Morinia Robineau-Desvoidy I 188
Mormotomyia van Emden 1484 86, 1492
Mormotomyiidae 917, 1415, 1480, 1484, 1485, 1492, 1504
Mormotomyioid ea 'l492
Morpholeria Garrett 975, 979
morrisi Gagn6 (Prodiplosis) 225
morrisoni Osten Sacken (Paracosmus) 591, 592
morulus Hall (Diochanthrax) 601
mosellana (G6hin) (Sitodiplosis) 289
Mosillus Latreille I 0 34, 1039
mouth hook (L) 75,76
mouthpart 10, l6
MP 29
muhlenbergiae (Marten) (Astictoneura) 280
Mumetopia Melander B88, 889, 890, 1162
muria Mathis (Lamproscatella) /037
mus (Os1en Sacken) (Aphoebantus) 595
Musca Linnaeus 27, 34, 146, 499, I I I 5, 1111, I 1 20. ll2l. 1 I 29,

I 136

Muscaria 1425, 1436
muscaria (Fabricius) (Egle) l 103, I I l0
muscaria (Loew) (Xenochaetina) 955, 957, 958, 960
Muscidae 3,23,28,33,35,37,76,1'1,80,81, 103 05, l2l, 138, 139,

116,147, r r00, t115, I 136, I 149, 1087, I 189, 1124, t428,1492.
1496-98, l 504

Musciformia 1397
Muscina Robineau-Desvoidy 103, I I 22, ll28
Muscinac lll7, ll95
Muscini I I l7
muscle, cibarial dilator (L) 7l
musclc, dilator; of cibarium and pharynx (L) 73
muscle, intrinsic; in pharynx (L) 73
muscle, labial (L) 75
muscle, labral compressor (L) 70
muscle, labral retractor (L) 70
muscle, lower adductor; of mandible (L) 76
muscle, mandibular (L) 75
muscle, mandibular abductor (L) 72
muscle, maxillary (L) 73
muscle, upper abductor; of mandible (L) 76
Muscoidea 3, 90, l0l, I37 l-73, 1315, 1376, 1383-85, 1389-.92, 1397,

1443, 1450, t492, t496-99,1504, 1505
Muscoidea 1373, l4l9
Muscomorpha 2, 3,9, 12, 11, 15, 16, 19, 20, 25,27, 32. 33, 35 38,

44, 45, 51,53-56, 58, 59, 65, 68, 72,14,75.17,19,80,83, 85, 86,
89, 90, 96, 98, 102, 103, 108 13, 116, ll7, 125, 128, t3l, t36, 137,
139 42,115,146, 864, 910, I 150, 1331, t312,1373, 1382 84,
1387,1391,1503

Muscomorpha 137 l, 1376, I 389, I 397, 1407
Muscopteryx Townsend 1253, 1258
musculature (L) 77
Musidora Meigen 679
Musidoridae 679
mutabilis Adams (Euparyphus) 499
mutabilis Loew (Hilara) 617
mutata (Malloch) (Stegopterna) 362,363, 386, 387
Myatelemus Reinhard I 208, l2l4
Myathropa Rondani 74
Mycetaulini 841 , 1443
Mycetaulus Loew 845, 846,847, 848, 850,852
Mycetobia Meigen 19, 7'7, 94,96, 306, 307 , 308, 309,310, 3l I, 1335.

I 357
Mycetobiidae 310
Mycetobiinae 310,311, 1335, 1353
Mycetophila Meigcn 20, 223, 224, 226, 228, 234, 211, 245
Mycetophilidae 2, 15, 19. 28, 33, 35, 36, 54, 58, 72, 73, 79, 81 83,

85, 94, 96, 106, t2l, 122. t26,223, 250,310, 1334 36, 1350, 1351,
1353, 1357, 1358, 1372, 1405, 1409, 1410, t413, l4l7

Mycetophiliformia 1339, I 350, l37l
Mycetophilinae 224,226 28. 236, I 35 I

Mycetophilini 221 ,228

r 555

Mycetophiloidea 221 . 1351
Mycetophiloidea 1335, 1339, 1350
Mycodiplosis Rubsaamen 27 5, 282, 283
Mycodrosophila Oldenberg 1012. I 0 I 3

Mycomya Rondani 58, 221, 226, 228, 230, 23'1, 242
Mycomyiinae 1353
Mycomyini 228, 1353
Mycophila F elt, 264, 26 5
Mydaea Robineau-Desvoidy ll24
Mydaeina Malloch 1ll8
Mydas Fabricius 37, 5JJ, 534,535, 536,531.5JB, 539, | 387
mydas (Brauer) (Wyliea) 566, 511
Mydidae 2, 31, 44, 66, 67,14,83, 100, 107, 130, 533, 544, 553, I375,

1387, 1388, 1399. 1408, l4l3 15, l4l7
Mydinae 537, 538, 519, 555, 561,562, 563
myersi Petcrson (Plccia) 219
Myioclonia Reinhard 1258
Myiomyrmica Steyskal 801, 802
Myiopharus Brauer & Bcrgenstamm I 2 I 6, 1225, 1228, 1233, I 237
Myiopha.sia Brauer & Bergenstamm 1254
M yiophrhiria Rondani l2l 4

Mylogymnocarena Foote 826
Myobiopsis Townsend 1264
Myodaria 1419,1424
Myoleja Rondani 821, 826
Myolepta Newman 7 24, 729. 7 3 3

Myopa Fabricius 1 50, 7 5 2, 754, 7 5 5, 756
myopaeformis (Rdder) (Tetanops) 145,800,801, 804, 808
M1'ophthiria Rondani 1212, 127 4, I 27 5, I 276, 127'7

Myopina Robinsau-Dcsvoidy I 102
Myopinae 749 51,754,756, 1438

Myopinini I05, 1102
Myopitinae 821
Myospila Rondani 1124
Myothyriopsis Townsend 1218, 1242, 1243
myotis Curran (Basilia) 1287
myrmecoides (Loew) (Myrmecothea) 801, B02
Myrmecothea Hendel I | 5, 799. 801, 802
Myrmeleontidae 1382
Myrmosicarius Borgmeier 36, 692, 697, 700,'703, 705
Mystacella \Nulp I 204, l2l0
mystaccus (Macquart) (Rhagto) 4l , 187
Mystacinobia Holloway I 500
Mystacinobiidae 1415, 1492, 1498 1501, 1504
Mystacomyia Giglio-Tos 1211, 1234
mystax l5
M1'thicomyia Coquillett 590, 594, 596
Mylhicomyiinae 596
Myxexoristops Townsend 1207. 1 232
Myxosargini 505, 506
Myxosargus Brauer 498, 50/, 506, J08, 509

naevia (Pcus) (Dixclla) 331

nana (Bellardi) (Artemita) 498
nana (Zctterstcdt) (Eribolus) 1059
nana Coquillett (Mancia) 59J, 600
Nanna Becker 1087, 1092,1096
Nannochoristidae 1336, 1337, 1339 43, 1345. 1351, I3:i6 58, 1364
Nannocyrtopogon Wilcox & Martin 560, 568
Nannodioctria Wilcox & Martin 562
Nanocladius Kieffer 429, 4 3 1, 445
Nanomyina Robinson 628, 629, 634
Napaeosciomyza Barnes 1451

Napemyia Webb 1375

Napomyza Westwood 870, 87J, 878
narda Roback (Krenopelopia) 436
nasica Say (Rhingia) 724,131
Nasiternella Wahlgren 158, 169, 178, 182

nasoni (Cresson) (Cnodacophora) 762, 764
nasoni Coquillett (Admontia) 1228
nasus 154
Natarsia Fittkau 434
Natarsiini 434
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Nausigaster Williston 7 1 5, 731, 7 3l
Neaera Robineau-Desvoidy I 2 3 5, 1263
Nearctic region, boundarics of 4

nearctica (Parker) (Robineauella) I 165, 1 I7 1. I 177
nearctica Hardy (Plecia) 221,1366
nearctica McAlpinc (Cremifania) 1448
nearctica Vockeroth (Huckettia) I095
Nearcticorpus Rohtidek & Marshall 995, 999, 1003
ncarcticus Borgmcicr (Hypocerides) 690, 697, 101
nearcticus Young (Nemopalpus) 299
Neaspilota Osten Sackcn 825
Nebrrtus Coquillett 51J, 518
nebularum Aldrich (Coelopa) 921

nebulosa (Coquillett) (Sphenometopa) 1 180
nebulosa (Loew) (Grallipeza) 765
nebulosa Melander (Cyamops) 893
nebulosus (Walker) (Leptomorphus) 2J1
nebulosus Coquillett (Gastrops) 10J1
netk 23
necrophila Albuquerque (Bocainamyia) B46
Negasilus Curran 571
neglecta Williston (Stylogaster) 7 52, 7 5 3

Nematocera 2,9, 12, 14 I 8, 20, 23-29,32.33. 37. 18, 11, 45. 5 l. 53

56, 65, 66, 68, 70, 71, 13,15,71,81, 85, 86, 89 91. 93. 94, 99. 106.
125, 158,357,395,549,553,609,1333, l37l 73. 1399 14r7. r4r9

Nematoproctus Loew 633
Nemedina Chandler 1388
Nemestrinidae 2,32,36,45,98, 129,585, 1373, 1376, 1383. 1386,

1387, 1391, 1399, 1113, l4l5
Nemestrininae 51t6, 587
Nemestrinoidea 1373, 1383 86, 1392, 1397, l4l I l3
Nemininae 1464
Nemo D. K. McAlpine 1464

Nemoccra anomala 1334
Nemocera vera 1334
Nemomydas Curran 533, 531,535.5J6, 537, 539
Nemopalpus Macquart 295, 298, 299, 300
Nemopoda Robincau-Desvoidy 947, 919
Nemorilla Rondani 1199, 1200, 1206
Nemorimyza Frey 870, 877
Nemotelinae 503, 505, 507
Nemotelus Geoffroy 498, 501,503, 505, 507, 5r8, 509
Ncoalticomerus Hcndel 863, t364, 866, 867, 1458
Neoascia Williston 1 17, 7 24, 7 27, 732
Neobellieria Blanchard ll6]r, I 176,1169
Neocatocha Felt 269
Neochirosia Malloch 1086, 1089, 1092,1096
Neochrysops Walton 465, 467, 468, 469
Neocladura Alexander 158, 174, 188

Neocolpodia Mamaev 262, 273
neoculatus Wilcox & Martin (Nannocyrtopogon) 560
Neoculex Dyar 346,349
Neocuterebra Grtinberg I 150
neocynipsea Melander & Spuler (Scpsis) 141,949
Neodeceia Malloch 955, 958
Neodexiopsis Malloch 1 1 23, 1126
Neodichocera Walton I 257
N eodiplocampta Curran 600
Neodiplotoxa Malloch 1064
Neodohrniphora Malloch 691 , 697,702
Neoecothea Peterson & Gill 975
Neoempheria Osten Sacken 228, 2 30, 237
Neofischeria Townsend 1264
Neogcodes Schlinger 579, 581,583
Neogeomyza S6guy 1466
Neogimnomera Malloch 1093
Neogriphoneura Malloch 954, 956, 960, 96l
Neohydrotaea M alloch | | 18

Ncohylcmyia Malloch 1 108
Neoitamus Osten Sacken 550, 555, 563,511
Neolasioptera Felt 262, 267, 277, 278, 280
Neoleria Malloch 979
Neoleucopis Malloch 965, 966, 967, 968, 1428, 1449

INDEX

Ncolirnnobia Alexandcr 168
Ncolimnophila Alcxander 158. 174

Neo)ipophlcps Alexandcr 174
Neolipoptena Bcquaert 1212 71, I 276, | 278,1280
neolurida Alexandcr (Rhabdomastix) I 76

neomacropyga Peterson (Prosimuliurn) 367

Ncomaorina Miller 8212, 1428

Neomeoneurites Hennig 1410, 1172
neomexicana (Cockercll) (Asphondylia) 284
ncomexicanus (Mclander) (Torcus) 617

Neornintho Brauer & Bcrgenstamm 1218, 1238

Ncominthoini l2l8
Neomochtherus Ostcn Sacken 555, 571

Neonuscina Torvnsend I 120,ll2l, I 122

Neornyia Walker I 118.ll2l, I 122

Neopachygastcr Austen 18, 499, 501, 503, 506, 507, 508, 509, 510

Neoparentia Robinson 634
Neopelomyia Hcndel 1074. 1075, 1076, 1112, 1113
Neophyllomvza Melander 905, 907
Neophl'to Townsend I 165. I 175,ll78
Neophytoini 1178
:*eopiophila McAlpine i0. 51. 53, 845. 8./6, 84'7,848,8'19, 851, 852
\coplasta Coquillctt 97. 608. 609. 612, 6l 3.623
\eorhagio Lindner 1379
Ncorhaphiomidas l\orris 512, 514, 1388

Neorhcgmoclemina Cook 318
Ncorhinotora [-opcs 108. 989, 990, 99 l, 992. 148).

Neorhynchocephalus Lichtwardt 585. 586. 587
Neorthachcta Vockeroth 1096
Ncosarcophaga Shervell I 168

Neoscatella Malloch 1045
Neosciara Pettel 254. 255
Ncoscinella Sabrosky I 054, 1057, 1059. 1060
N eoscioml"za Barnes I 45 I

Neoscutops Malloch U97,898, 1465
Neosilba McAlpine 792, 793. 796, 1439

Ncosolieria Tou'nsend l26l
Neossos Malloch 975, 978, 979, 982, l4ll5
Neostilobczzia Coetghebuer 404, 410
Ncosynepidosis Parnell 268, 27 I ,272
Neotanygastrella Duda 1012, 12190

Ncotanypeza Hcndel 7 7 1,'7'7 6

Neotcphritis Hendel 820, 824,829
\eolrrginops Prrdo xt 4. 866
Ncottiophilidac 150'1

Neottiophilinae 817, 851. I 442, l,l,+3

Neottiophilum Frauenfcld 816,841 .,918, 1443

ncpenthe (Hull) (Eosalpingogaster) 720
Nephroccrini 745,718
N-ephrocerus Zettcrstedt 1 45. 1 16, 747, 748
Nephrotoma Meigen 156, 161,162, 163. 180, 182

Neplas PorLer 1 18, 7 2 5, 7 3 l, 734
Ncriades 1,130, l4-32
Neriidae 3. 14, 102, 105. ll l, ll4, 125.769. 1430 32, 1504

Ncriinae 110, 143).
Ncrioccphalus Fndcrlcin 765
Nerioidea 3, 758, 1129 33, l4Jl.1435, 143U, 1477. 1504, 1505

ncrve cord I 2

nervous systcm (L) 77
Ncsomyza Spenccr 822
Nescpsilopa Mathis & Witth 1036
Ncsotipula Alerander 162

Neuratelia Rondani 23 I, 238
Neurigona Rondani 608, 626, 621, 631, 635, 616, 637

Ncurigonella Robinson 62.8. 629, 634
Neurobczzia Wirth & Ratanaworabhan 401, 1l 1, 414
Ncurochaeta D. K. McAlpine 1465

Neurochactidae 1454,1462, l'+63, 1465 67, l-504

Neurohclca Kieller 404, 1 1 1, 411
ncvadana Steyskal (Haigia) E05

niagarana (Parkcr) (Udamopyga) 1 172.1113
Niccphorus Reinhard I 217,1218
nicitans Fabricius (lrrbrasia) I 442
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Nicocles Jaennickc 550, 555, 559
nidicola (Townsend) (Townsendiellomyia) l2l 8

nielsoni Kennedy (Deuterophlebta) 9 l, 20 l, 202
niger Loew (Coniceps) 8JJ,836
nigerrima (Lundbeck) (Arctopiophila) 848
nigra (Meigen) (Protearomyia) 1.106
nigra (Wiedemann) (Odontosciara) 252
nigra americana Johnson (Spania) 185,486
nigra Wirth (Neurohelea) 404,4l I
nigrans (Melander) (Sapromyza) 962
nigricauda Gagn6 (Platydiplosis) 289
nigricentrum Adisoemarto & Wood (Dicolonus) 563
nigriceps (Bigot) (Ursophyto) | 223, 1257
nigriceps (Meigen) (Stearibia) 846, 851
nigriceps Loew (Dalmannia) 7 5 2, 7 5 3
nigricornis (Loew) (Cephalochrysa) 501
nigricornis (Locw) (Monochaetoscinella) 1054
nigricornis (Van Duzee) (Neurigonella) 628, 629
nigricornis Creene (Myxosargus) 508, 509
nigrilinea (Doane) (Lipsothrix) 123
nigrinus (Zetterstedt) (Acartophthalmus) 1 /2, 8J9, 860, 861
nigripalpis (Malloch) (Malloewia) 1054
Nigriparyphus Quist 504
nigripennis (Meigen) (Porricondyla) 262, 267, 268, 27 I , 276
nigrirostris (Loew) (Anoplodonta) 95, J01, 506
nigrita (Fall6n) (Delina) 1096
nigriventris (Johannsen) (Platyura) 229
Nigrobonellia Brooks 1257
nigroccllulata Czerny (Cremifania) 1 02, 966, 1448
nigrovittata (Malloch) (Dettopsomyia) l0l2
nigrovittatus (Malloch) (Microchironomus) 438
Nilea Robineau-Desvoidy 1210, l2ll, I 237
Nilobezzia Kieffer 414, 4l6
Nilotanypus Kteffer 4 3 2, 436
Nilothauma Kieffer 43 1, 442
Nimioglossa Reinhard 1248
Ningulus D. K. McAlpine 1.164
Niphogenia Melander 614
Nipponcyrtus Schlinger 577
nipponese Tokunaga (Cryptochetum) 1406
Nippotipula Matsumura 164
nitens (Coquillett) (Phyllophilopsis) 1216, 1238, 1255
nitens (Loew) (Paramyia) 905,907
nitescens Frey (Chyromya) 987
nitida (Malloch) (Paraphytomyza) 8ZJ
nitida Johnson (Heteromeringia) 855
nitida Sturtevant & Wheeler (Diphuia) 1034. 1038
nitidellus (Malloch) (Acricotopus) 429
nitidula (Coquillett) (Phorbia) 11 10
nitidula (Fallen) (Nemopoda) 947, 949
nitidula Meigen (Diplonevra) 699
nitidus Adams (Xylophagus) 490, 491
nitidus Coquillett (Molophilus) 1ZJ
nitidus Johnson (Rachicerus) 492
nivalis Haliday (Leptocera) 996, 998
niveitarsus (Zetterstedt) (Claspettomyia) 221
niveus (Krciber) (Ammonaios) 519
Nobilotipula Alexander 163
Nocticanace Malloch 1080, 1081, 1082, 1411
Nocticanacinae I 474
Noctiliostrebla W cnzel | 296
nodicornis (Osten Sacken) (Liogma) 161, 165, 180
nomiivora Reinhard (Euphytomima) I 161

Norellisoma Wahlgren 1 09 1, 1093
norma Wiedemann (Stratiomys) J08, 509
Nostima Coquillett 121, \029,l04l
notabilis (Zctterstedt) (Pegomya) I 107,1108
notal wing process, anterior 25, 28
notal wing process, median 25
notal wing process, poslerior 25,28,29
notata (Linnaeus) (Scatopse) 3l 3, 3l 5,316
notala (Loew) (Bertamyia) I 37,683,681,687
notata (Wiedemann) (Euxcsta) 801, 80J

I 557

notata Ostcn Sackcn (Brachyop't) 98.728
notauli('e 24
Nothoasteia Malloch 1462, 1467, 1468
Nothoderus Alexander 3 I

Nothomyia Locw 505
Nothotrichocera Alexander 303
Nothybidae 898, 1415, 1432-31.1162, 1504
Nothyboidca 898, 1432, 1443, 1466, 1,{87
tr-oth1'bus Rondani I 213 5

noLialis Rcinhard (Chcsippus) I 206
Notiphila I;all6n 86, 140, 1028. 1029, 1035,1039, 1010,1041, 1044.

I 490
Notiphilinae 143, 1029, 1492
notmani Felt (Parwinnertzia) 269
Notochactini 117,1

Notogramma Loew 801, 802, 806
Notornyzidac 1479, l48l, 1504
notoperates (Cooper) (Hesperoboreus) I 337
notoplcuron 25
notum 23
nova (Walker) (Dixella) 93, 332,333
Novakia Strobl 227, 232,239
novata Johannsen (Sciophila) 2Jl
noveboracensis (Alexander) (Pscudolimnophil'tt) I 67
noveboracensis Alexander (Tipula) /52
novemmaculata Wood (Steleoneura) 1228, 1255
novum (Williston) (Triplocchus) -592
Novrickia Wachtl 1244
nox Hall (Tsugaea) l2l0
nubeculosa (Meigen) (Limonia) I 357
nubcculosum (Mcigcn) (Polypcdilun) 4J2
nuda (Dyar) (Trichomyia) 294,296
nudata Cresson (Canace) 1080
nudatus (Cresson) (Canaceoidcs) l 10, 1081,1082
nudipes Vockeroth (Baeoplerogyna) 228. 230
nudiseta (Wulp) (Synthesiomyia) I 122, ll24
nudus (Coquillett) (Ocdenops) I 041

nugax (Johannsen) (Exechiopsis) I 20, 121, 233, 231
number and distribution of prolegs (L) 8 I

numbcr of abdominal scgmcnts (L) 77
number of abdominal spiracles 37

number of antennal subdivisions (L) 73

numbcr of body scgmcnts (L) 77
number of flagellorneres l6
number ol genera 4
numbcr of spccics .1

number of spermathecae 38

numbcr ol spiraclcs (L) 82
Nupedia Karl l106
Nupcdia Karl 1108
nuttingi Alexander (Rhabdomastix) I 76
Nycterihia Latreil le 1281
Nycteribiidae 3, 123, 124, l3l, 132, 1274. 1283, 1291, 1415, 1192,

1494 96, r501
Nycteribiinac 1 289, 1 291
Nycteribiomorpha 1397
Nycteriboscinae 1294 97
Nyctcrophilia Fcrris 1294. l?.91 ,1298, 1299, 1195, l49ti
Nlcterophiliinae 1294 97, 1298
Nyt'teroph i liinae 1297
Nymphomyia Tokunaga 37, 206. I 345
Nymphomyiidac 2, 28, 81, 83, 90, 91, 122, 123. 126,203, 1336, 1337,

1341, 1344 4U, 1353. 1357, 1372, l4l3
Nymphomyioidea 2, | 339, 1342, 1314, I 346, I 353
Nymphcsmyionorpha 206
n.vssaecola (BcutcnmrJllcr) (Cartodiplosis) 283
Nyssorhynchus Blanchard 342, 344,346. 347

oarus (Walkcr) (Brachypalpus) 726, 136
obesa (Fabricius) (Ornidia) 7 25, 73'7

obesa (Loew) (Rhinoleucophenga) l0l6
obcsus Coquillett (Trixodcs) I 2,19

oblata Townscnd (Opsidiopsis) I lt32
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obliqua (Say) (Allograpta) 7J0 Odontomyia Meigen 506
obliqua (Say) (Tomoplagia) B2J Odontomyiina J02.506. 509
obliquefasciatum (Macquart) (Zodion) 752 Odontomyiini 506
Obolodiplosis Felt 288 Odontosabula Matsumara 1375
obscura (Coquillett) (Buquetia) 1214 Odontosciara Rtibsaamcn 252
obscura (Coquillett) (Macquartia) 1226 Oebalia Robineau-Desvoidy I 160, I 179,1182, I 183

obscura (Fall6n) (Scathophaga) 1089, 1091 Oecacta Poey 405
obscura (Malloch) (Spilogona) I 124 Oedalea Meigen 618, 6/9
obscura (Townsend) (Angioneura) 1 I 39, I 141 Ocdaspinae l44l
obscura Spencer & Stegmaier (Calycomyza) 877 Oedemagcna Latreille I | 50, 1157
obscurella (Fall6n) (Discoccrina) 1028, 1031, 1037 Oedematocera Townsend 1233
obscurella (Fall6n) (Meoneura) 910 Oedcnops Becker l04l
obscurclla (Zetterstedt) (Trichopalpus) 108q, 1095 Oedicarcna Loew 824
obscuripennis Loew (Rachicerus) 18, 107,491,1311 oedipus Becker (Gcomyza) 1482
obscurus (Johannsen) (Cardiocladius) 428,431 Oedopa Loew 800,806
obsoleta (Loew) (Chelifera) 61 3 Oedoparea Loew 1450
obsoletus (Meigen) (Culicoides) 402 Ocdoparena Curran 924, 926,1451
obtusa Cook (Swammerdamella) 314 Oestranthrax Bezzi 600
obumbrataLoew(Eudicrana)231,238 Oestridae3,25,38,80,104,111,132,135,1141, ll5l,ll89,ll95,
occidensis (Walker) (Thecophora) 252 1345, 1413, 1492, 1498- 1502, 1504
occidcntale Melander (Brachystoma) 61J Oestrinae 135, I 1.19, I 152, 1502
occidentalis (Coquillett) (Eugnoriste) 248 Oestrini I 148

occidentalis(Melander&Brues)(Puliciphora) 123.707 Ocstroidea3,90,l0l,1492,1496,1498 1502,1504,1505
occidentalis Alexander (Phalacrocera) 165 Oestrophasia Brauer & Bcrgenstarnm 1217,1242.1260
occidentalisCurran(Lonchoptera)679 OcstrusLinnaeusl17,135,1l47.1148,1149.1152, ll53,1156,ll57
occidcntalisJohannsen(Megophthalmidia)233.240 OgcodesLatreille 18.575.576,511,578.579,580,581,582,583,
occidentalis Sturtevant (Pcriscelis) 1397 I 386
occidentata Malloch (Phora) 111,689 Ogcodocera Macquart 595.599
occidua (Fabricius) (Sarcophagula) I 165, I 175 ogemarvi Roback (Trissopelopia) 436
occipital bristle 16 Ohakunea Edwards 250
occipital dilation 15 ohioensis Melander (Oedalca) 619
occipital foramen 12, 16 Oidematops Cresson 930,931,937
occipital foramen (L) 66, 68 Okcniella Hendel 1092.1094
occipitalis Melander (Mumetopia) 888, 889 Okenina Malloch 1091
occiput l0 okoboji (Walley) (Telopelopia) 434
occiput, true 10, 16 Olbiogaster Osten Sackcn 68,70,83, 306,307,308,309,310,3lt,
ocellar bristle 14 1358
ocellar plate 12 Olbiogastridae 310
ocellar triangle 12, 14 Olbiogastrinae 3 l0
ocellar tubercle 12 Olcella Enderlein 1052, 1054,1061,1064
ocellaris group (Leucopis) 970 Oldenbergiella Czerny 1 17 , 9'7 4, 97 5, 978
ocellaris Malloch (Leucopis) 968 Olenochaeta Townsend 1203
ocellus, ocelli 12 Olesicoccus Borgmcicr 2ZZ
Ochleromyia Turner 486 Olfcrsia Leach i J1, 1275.1217,1278
Ochlerotatus Lynch Arribdlzaga 342, 345 Oligodranes Loew 594,597
ochraceum Walker (Simulium) 360 Oligoneura Bigot 1334, 1335, 1339, 1343, 1341
ochripes (Meigen) (Spelobia) 1003 Oligotrophidi 261

Ochrocera Townsend 1249 Oligotrophini 259,289
Ochthera Latrcille 1028, 1029, 1030, 1042 Oligotrophus Larreillc 291
Ochthiphila Fall6n 1448 Olinea Richards 1004
Ochthiphilinae 1448 olivacea (Meigen) (Prodiamcsa) 428, 452
Ochtidae Fall6n I 448 olivaceus Townsend (Rhachoepalpus) I 246, 1241
Ochtiphila Fall1n 1448 Oliveria Sacther 450
Ocnaea Erichson 576,5'71,528, 580, 581, 582, 583 Olpodiplosis Gagn6 286
octopunctatus (Say) (Taracticus) 55B,565 olympiae Wirth & Blanton (Paradasyhclea) 405
oculata Fall6n (Heteromyza) 913,976,978 Omapanta Schmitz 706
Ocydromia Meigen 608, 609, 618, 619,623 Omisus Townes 442
Ocydromiinae 58,609,610,618,619, 1388 ommatidium in larva (L) 73

Ocydromiinea 609 ommatidiuu.r, ommatidia 12

Ocydromioinea 609 Ommatiinae 55zl

Ocyptamus Macquart 115,716,7\8,720 Ommatiini 549,550,551,570
ocyplerata (Meigen) (Eginia) l.{98 Ommatius Wiedemann 555, 565, 570
ocypterata Townsend (Aphria) 12J1 Omniablautus Pritchard 554,559
Ocytata Gistel ll98 Omomyia Coquillett I 18,1,19,833, 834, 8J5, 836, 1442
Odinia Robineau-Desvoidy I I 2, 863,864, 866 Omotoma Lioy 1206
Odiniidae3,112,121,147,863,871,1454.1458,1460,1411,1504 OncodometopusShcwell959,960,963
Odiniinac 866 Oncsia Robineau-Desvoidy 1499
Odonatisca Savtshenko 164 onychodactylum Dyar & Shannon (Prosimulium) 368,374
Odontodiplosis Felt 276,287, 1357 Onychogonia Brauer & Bergenstamm 1203, I 208
OdontoloxozusEnderlein 102,111,769,770,770,1430 onyxStcyskal(Pseudacteon)693.698,705
Odontomera Macquart 834,8JJ,837 Oocelyphus Chcn 1441
Odontomesa Pagast 437, 453 opaca (Coquillett) (Megapariopsis) 12J4, I 24 I , 1249
Odontomyia Meigen 69, 499, 501, 502,506,507, 508,509, 1403 opaca (Loew) (Phaenobezzia) 419
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opaca Townsend (Hypertrophomma) I 2 3 2
Opacifrons Duda 997, 998
opacum Townsend (Hypertrophomma) l2l2
opacus (Coquillett). (Vermileo) 5J1
Opalimosina Roh6dek 1003
Opelousia Townsend I 136, I 189

Opesia Robineau-Desvoidy 1 194, I 2 17, 1265
Opetia Meigen 32,683, 1391, 1412, \414, t115,1422
Opetiidae 1504
Opetiinae 68 I, 682, 683
Opetiophora Loew 1050, 1051,1056
Opetiops Enderlein I 376
Ophiomyia Braschnikov 869, 871, 872, 873, 874, 875
Ophirion Townsend I198
Ophyra Robineau-Desvoidy I I 18, I 127

opifera (Coquillett) (Opsophyto) 1173, 1 177
opima (Loew) (Leta) 233
Oplogaster Rondani 1126
Opomydas Curran 18, 533, 534, 535, 5J6, 537, 538
Opomyza Falltn I 46, 882, 88J, 885, l46l
Opomyzidae 3, 113, l2l, 124,146,147,881,890, 1009, 1454, t460,

t46t,1466,1483, t484, 1488, 1504
Opomyzides 1454
Opomyzoidea 3, 1429,1434, 1443,1454, 1455,1456, 1457, t459,

t460, 1462,1463, 1469, 1470,1417,1480, 1481, 1483, 1504, l50s
Opomyzoinea 1454, 1456, 1457, l.{60, 1462, 1504
Oppiopsis Townsend I 165, ll78
Opsebius Costa 582
Opsidia Coquillett 1182
Opsidiopsis Townsend 1182
Opsidiotrophus Reinhard ll82
Opsiomyia Coquillett 1095
Opsodexia Townsend 1 134, 1136, 1 t 37, 1 t 39, 1140, 1 141, t t12, t199
Opsodexiinae 104
Opsodexiinae I 135, 1303
Opsodcxiopsis Townsend I 189

Opsolasia Coquillett I 124
Opsomeigenia Townsend 1236, I 243,1266
Opsophyto Townsend 1173,1174, I 177
Opsotheresia Townsend I 248
oral cavity 12

oral pocket (L) 74
oral ridge (L) 74
oral sclerite (L) 76
oral sclerite, accessory (L) 76
oral seta 15

oral setula \5
oral vibrissa l5
Oraphasmophaga Reinhard I 205, l2l3
Orasturmia Reinhard 1206
Orbellia Robineau-Desvoidy 978
orbit l4
orbital plare 14
orbital seta l4
orbital setula l4
orbitalis (Melander) (Paraphyromyza) 826
orcina (Wiedemann) (Mallophora) 566
Oreadomyia Keran & Cutten-Ali-Khan 122, 123,206, 444, 149
oregonensis (Felt) (Dicerura) 27 I, 272
Orellia Robineau-Desvoidy 825
Oreogcton Schiner 54, 608, 609, 611,623,1389, l39l
Oreogetoninae 1389, 1391

Oreophila Lackschewitz 177
Oreothalia Melander 614
Orestilla Reinhard 1248
Orfelia Costa 226, 228, 2 29, 236
Organomyia Townsend l2l0
orichalcea (Zetterstedt) (Opsolasia) I 124

orientalis (Coquillett) (Dichocera) I 198

orientalis Schiner (Atherigona) I l l9, ll25
orientation of parts 9

Orimarga Osten Sacken 156,166,169, 186

Ormia Robineau-Desvoidy 1198, I 217, l 234, 1264

I 559

Ormosia Rondani 160, 116, 171, 177, /8/, 183, 185

ornata (.lohnson) (Spilochroa) 982
ornafa [-oew (Z.vgonyit) 234
ornaticollis (Mcigcn) (Allodia) 2J3
ornatipes (Johnson) (Homoneura) 961

ornatus (Say) (Chrysopilus) 485
ornatus Williston (Euparyphus) 499
Ornidia Lepeleticr & Scrville 715,725,'737
Ornithoctona Speiser 1225, I 278, 12'77

Ornithodes Coquillctt 158, 169, 182

Ornithoica Rondani 1274, I 275. I 276
ornirhomya Latreillc I 17, I 18, lt9, I 271,1212..1)14, I 276,1277,

r 279
Or nit hony ia Lat rei I le | 21 4

Ornithomyinac 1274
Oropeza Necdham 159,119, 180
orphne (Walker) (Neoitamus) 56J
Orphnephilidea 1336

Orphnephilidea 1336
Orrhodops Hull 554, 556,562, 565
Orthachcta Bccker 1095
Orthellia Robineau-Desvctidy I I I 8
Orthocladiinae 424, 426, 427, 433, 441, 456. 1352
Orthocladius tNdp 428, 429, 430, 43 1 , 132, 148. 450, 451
Orthogenya 1389, 1391, 1407
Orthogen-v"a 1397
Orthogonis Hcrmann 551, i58.570
Orthonevra Macquart 716 18, 726,728,732
Orthopodomyia Theobald 344. 346, 349
Orthorrhapha 137 \, 1373
orthorrhaphous Brachycera 9, l4-16, 18. 20, 24, 21. 29, 32, 33, 31,

38, 44, 51, 53, 54, 56, 58, 65, 66, 68.70-16,77, 81. u5, 89, 90, 95
97, t07, 125, 128,619

Orthosimyia Reinhard 1251
Orthovena Kessel & Buegler 683
Orygnra Mcigcn I 14, 143, 946, 947, 1453, 1454
Orygmatinae 946, 1153
Oscinella Bcckcr 1050, /OJJ, 1055, 1056, 1059,1060
Oscinellinae 1050, 1051, 1478
Oscinidac 1072,1478
Oscinides Fall6n 1478

oscinina (Fall6n) (Siphonella) 1054, 1058
Oscinis Latrcillc 1478

Oscinisoma Lioy 1054,1055, 1056
Oscinoides Malloch 1055
osmctcrium, osmeteria 35
Ospriocerus Loew 561, J65
ostansa (Webb) (Pagastiella) 443
ostensackeni Kellogg (Blcpharicera) I 9l
ostiorum (Curtis) (Ceratinostoma) I 090
Ostracophyto Townsend I 227, 126l
Oswaldia Robineau-Desvoidy 1236, I 213, I 245
Otites Latreille 807, 808
Otitidac 3, 33, 55, 102, I 12, I 15, I 19, 144, 145, 147.799, U10,834,

l42rJ, 1438 41, r 504
Otitinae 801 , 1,140

Otitoidca 1438

outcr surstylus 55
ovata Stein (Cocnosia) //2J
ovicauda 38

oviceps Edwards (Simulium) 358, 1360

oviduct 38, 54
oviducta (Carrett) (Boletina) 226
ovinus (Linnacus) (Melophagus) l 23, 1212 14, I 279, 1280
oviposition tube 38

ovipositor 38
ovipositor lobe 41
ovis Linnaeus (Oestrus) I 17, 135. I 147, ll 52, //-tJ, I 156

ovi.sac 38

oviscape 44
ovistapt 38,44
Oxycera Meigen 499, 504
Oxycerini 504
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Oxyna Robineau-Dcsvoidy 828
Oxynops Townsend 1228
Oxysarcodexia Townsend 1163, I 164, I 167
Ozirhincus Rondani 279
Ozodiccromya Bigot 516, 517,522

pacata Reinhard (Wagneria) 1219
Pachybates Bczzi l38l
Pachyterina 954
pachycondylac (Brues) (Cataclinusa) 693, 698. 708
Pachyconops Camras 754
Pachygaster Meigen 503,508, 509, 510
Pachygastrinae 498,500,510, 1400, l4l I l4
Pachyhelea Wirth 4/J, 418
pachl,mera (Williston) (Pachyhelea) 4 1 3, 418
pachyneura (Loew) (Triphleba) 699, 701)

Pachyneura Zetterstedt 58,82,83,212 14,216, U66, 1351, 1366
Pachyneuridae 2, 35, 51, 58, 82, 83, 91, 96, 126, 212. 213, 1336,

1349-52, 1365, 1366, 1371

Pachyncuridea I 336
Pachyneuriformia I 339, I 349, I 350, I 37 I

Pachyneurinae l35l
Pachyneuroidea 2, 1350, 1351, l37l
Pachyneuronympha Rohdendorf 427
Pachyopella Shewell 954, 9 59
Pacidianus Reinhard 1206
pacifica (Cole) (Acrosathc) 516
pacifica (Cresson) (Setacera) /037
pacifica (Curran) (Kirbya) /238
pacifica (Kessel) (Crossoseta) 683, 684,685. 1401. 1405. 1406
pacifi ca (Melander) (Phytoliriomyza) 87 4

packardi (Felt) (Pitydiplosis) 282
pagana (Meigen) (Einfeldia) 440
Pagastia Oliver 4 30, 437
Pagastiella Brundin 443
painteri Cazier (Apiocera) 543
Palaeodipteron lde 91, 122, 1 23, 203, 201, 205, 206, 1345
Palaeodocosia Meunier 228
Palaeohilarimorpha Meunier 604
Palacomyopa Meunier 751, 1438
Palaeophytobia Stiss & Miiller-Stoll 872, 1459
Palacosepsis Duda 949
Palaeosicus Meunicr 751, 1438
Palaeotanypeza Hennig 1435, 1436
Palaeotimia Meunier 924
palatal bar (L) 70
palatum ( L) 70
Paleomolobra Hull 555
Palcoplatyura Meunier 94, 96, 221, 229, 236
Paleorachicerus Nagatomi I 375
Paleotimia Meunier 1451

pallens (Coquilletl) (Larsia) 432
Pallicephala Irwin & Lyneborg J/J,519
palliceps Johnson (Pterogramma) 996, 997
pallida (Fall6n) (Megaphthalma) 1093
pallida (Loew) (Cadrema) 1051, 1056,1059, l06l
pallida (Zetterstedt) (Allanthalia) 6 I 9

pallida Alexandcr (Dicranota) /60
pallida Malloch (Probezzia) 406
pallidicornis Van Duzee (Mesorhaga) 628, 629, 630
pallidipennis (Williston) (Cosmariomyia) 199, 500
pallidipennis Locw (Ogcodcs) 581
pallipes (Fall6n) (Oc1,tata) I 198
pallipes (Loew) (Solva) 194
pallipcs (Say) (Compsobata) 262
pallipes Loew (Chrysotus) 1 8, 628, 629
Palloptera Fallcn 1/2, 118, I 19,810,842
Pallopteridae 3, 36, 1 12, I 17, I 19, 147, 839, 1428. 1438, 1439. 1442

I 504
Pallopterinae 842, 1 442
Pallopterites Hennig 842
Pallopteroidea 1438
Palpada Macquart 1 18, 7 41

palpalis (Coquillctt) (Chactosa) 19, 1089

palpalis (Robertson) (Robcrtsonorryia) 252
palpatum (Hcndel) (Piophilosoma) 8'15

Palpcxorista Townsend I 221

palpifer (L) 72
Palpomyia Meigen 406. 1 1 3, 4 1 7, 419
Palpomyiini 414
Palpostomatini I 198, 1201

palpus, labial 20
palpus. palpi 10, 15,20
Paltostoma Schiner 194

Paltostomatinac 1344, 1353

Paltostomatini 194. 1346
paludosa Meigen (Tipula) 164

Palurnbia Rondani I 18,'7 41

Pamelamyia Kesscl 683
Pandasyopthalmus Stuckenberg 1 18, 122, 7 3 5

Pandivirilia Irwin & Lyncborg 519,522
Pangoniinae 164, 465, 466, 1 41 5, l'+16
Pangoniini 465,46'7
Panopa Linnaeus 1346
Panopinae 577, 580, 582
Pantarbes Osten Sacken I 07. 59 I , 596
pantherinus (Gerstackcr) (Nemomydas) 534. 536, 531

Pantophthalmidae 1373, 1375 78, 1399, l412-

Pantophthalmus Thunberg I 376

Panzeria Robineau-Desvoidy I 227, 126l
papillata (Felt) (Dirhiza) 269, 278
papuanus Hennig (Holopticander) l42ti
papl'riferac (Gagn6) (Apagodiplosis) 28t3

Parabezzia Malloch 404. 410
Purrbornblliu: \\ illirton 596
Parabyssodon Rublzor' 362, 363, 372, 382.384
Paracacoxenus Hardy 1012, 1013, I0l4,1016
Paracanacc Mathis & Wirth 1474

Paracantha Coquillett 82J, 828
Parachaeta Coquillett l2 I 3

Parachactocladius Wiilker 447
Parachironomus Lenz 138, 4 39

Parrcladiu. Hirvcnojr 446
Paracladopelma Harnisch 438, 4 39

Paracladura Brunetti 36. 9/, 301, J02, 303
Paraclius Loew 6J0.632
Parirclunio Kie[Ier 4J0. 431.152,4JJ. 455
parncltpeal./old l L) 68

parac/1peal phragnta (L) 68

Paracocnia Cresson 102U, 1029. 1010, 1042,1045
Paratolli nella 991
Paracosrrus Osten Sackcn 591, 59 I , 592
Paracricotopus Thienemann & Harnisch 446
Paractora Bigot 924, 1451

Paradasyhelea Macfie 402, 403, 405, 407
Paradcjeania Brauer & Bcrgenstamm 1244, I 246
Paradelphomyia Alexandcr 170, 185

Parademoticus Townsend 1264

Paradicranota Alexander 170

Paradidyma Brauer & Bergenstamm I 209, 1218, 1253' 1254

Paradiplocampta Hall 600
Paradiplosis Felt 286
Paradmontia CoquiJlelt 1 222,1253
paradoxzr Osten Sacken (Cryptolabis) 173

paracnsis Wirth & Blanton (Brachypogon) 404
parafacial 14. l5
Paralischeria Townsend I 264
paraJrontal plate 14

Paraglcnanthe Wirth 1039
Paragus Latreille 1 18.722.715
Parahelodon Petcrson 367, 168, 371
Parakieffcriella Thicnemann I 3 l, 448, 455
paralabial plate (L) 70
paralabral surface, of mandible (l-) 7l
Paralauterborni ella Lenz. 112

INDEX
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Paraleucopis Malloch 102, 109, I 19, 966, 96'1, 968, q69, 1449, t462,
I 468

Paralimna Loew 10.1J, 1041, 1042
Paralipophleps Alexander 174
Paralispidea Townsend 1 224
paraflela Reinhard (Torosomyia) 1205, l2l4
Parallelodiplosis Rii bsaamen 282, 283, 289
Paralle lomma Becker 1090
Parallelomma Becker 1096
Paralucilia Brauer & Bergenstamm 30,31, I 1 38,114(l
Paramacronychiinae I 200
Paramacronychiini 1160 62, ll78
paramcral apodeme 5l
paramere 45
paramere, true 9, 45, 5l
Paramerina Fittkau 436
Parametriocnemus Goetghcbuer 446
Paramorganiella Tonnoir 224
Paramuscopteryx Townsend I 224
Paraml,codrosoPhila Duda l0l2
Paramyia Williston 904, 905, 907, 1476
parancilla Townsend (Frontiniella) I 2l 5

parandrite 45,46
Paraneossos Whceler 9'l 5, 978, 982
Paranthomyza Czerny 890, 1 162
Parapamecia Cogan 1449
Parapelopia Roback 434
Paraphaenocladius Thienemann 446
paraphallic lobe 5l
Paraphasmophaga Townsend l2l3
Parapherocera Irwin J15, 517, 523
Paraphorantha Townsend I 258
Paraphoromyia Becker 486
Paraphrissopoda Townsend 1168
Paraphrosylus Becker 632, 635,637
paraphysis 45,46
Paraphytomyza Enderlein 87 3, 876, 878
Parapiophila McAlpine 852
Paraplatypeza Kessel & Maggioncalda 683, 68J, 686, 682, 688
parapodium (L) 80
Paraporia Townsend I 262
paraproct 55
nrrqnrnct trrrn {(

Paraprosalpia Villeneuve 1102, I 105, I 107, 1109, I I I 0, lll3
parapsidal suture 25
Pararchytas Brauer & Bergenstamm 1244
Pararete Pritchard 266
Parasarcophagini I 162, 1168
Parascatopse Cook 3 I 3, 316,317
Parasetigena Brauer & Bergcnstamm 1221, I 256
Parasimuliinae 362
Parasimulium Malloch 355, 356, 36t, 362, 363, 364, 365, 37 2. 37 J,

384
parasocia Clausen (Parydra) 1035, 1040
Parasphaerocera Spuler 1004
paraslomal bar (L) 76
Parasycorax Duckhouse 295
Parasynapta Panelius 272
Parasyntormon Wheeler 633
Parasyrphus Matsumura 720, 7 33
Paratanytarsus Bause 14 I , 444
Parataracticus Cole 559
Paratendipes Kieffer 439, 442
Paraterellia Foote 821
paruLergite 24,25
Parathalassiini I 390
Parathalassius Mik 614
Paratheresia Townsend 1248
Paratidia Malloch 10B8, 1090
Paratinia Mik 228, 230,237,242
Paratissa Coquillett 1 03 1, 1033
Paratraginops Hendel 864, 866, 1458
Paratrichobius Costa Lima I 293. 1298

I 561

Paratrichocladius Santos Abreu 445
Paratrixoscelis So6s 982, 1.182

paraverticirl bristlc l4
Paravilla Painter 601
Parccteccphala Becker /056, 1066
Paregle Schnabl 1106, I 108

Paregle Schnabl 1106
Parcpalpus Coquillett 1 246,1247
Parepidosis Kiefler 272
Pareuthychacta Hennig 1022. 1490, l49l
Parhadrestria James 1377, 1378, 1383
Parhelophilus Girschner 7 28, 7 35, 138
Parochlctus Quist 50zl
Parochlus Enderlein I 28. 133, 4 3 5
Parochthiphila Czerny 1 149
Parocdopa Coquillett 806
paropus Walkcr (Asilus) 566
Parormosia Alexander 176
parovarium 38

Paroxyna Hendel 824, 829
parrii (Kirby) (Prionoccra) /2, 157
partheniicola (Cockerell) (Contarinia) 2tl6
partica (Roback) (Pagastia) 4J0
partita (Meigen) (Hylemyza) I 108
parva Townscnd (Lixophaga) 1235
parvicella (Coquillett) (Phytomyza) 878
parviceps (Malloch) (Thaunatomyia) 106-5

parvipennis (Spuler) (Aptilotus) 100l
parvipes Townsend (Hypertrophocera) I 223, 1253
parvula (Locw) (Telhina) 116
parvula Loew (Tethina) 1023
parvus (Van Duzee) (Telmaturgus) 633
Parwinnertzia Fclt 262, 269
Parydra Stcnhammar 103,1029, 1035, 1040, l04l
Parydrinae 1021 29,1030, 1039, 1492
Paryphoconus Endcrlcin 404, 4 1 6. 1 17, 418, 4 1 8
patagium 293
patagius Quist (Euparyphus) 504
Patelloa Townsend 1206, I 234
paterna Dodgc (Sarcofahrtiopsis) I 166
pauliani Schlinger (Dimacrocolus) 577
pauxillus (Williston) (Chalcosyrphus) 7 2 5. 7 3 3, 1 31
Paykullia Robincau-Desvoidy 1 188
pecchiolii Rondani (Eggisops) I 136
pecki Kelsey (Scenopinus) 18, 527
pecorum (Fabricius) (Gasterophilus) I 150
pccoscnsis (Townsend) (Phryxc) 1205, 1234, 1237
pectinata (Felt) (Schistoneurus) 273
pectinata Cagn6 (Tropidiplosis) 287
pectinatc I 6
pectinatus (Felt) (Schistonewus) 274
Pcctinodiplosis Felt 287
pedellus (De Gecr) (Microtendipes) 431
pedicel l6
pedicel of halter 33
Pcdicellina J02, 505, 5 10

Pedicia Latreillc | 66, 169, 110, 178, 18/, lu3
Pcdiciini 154, 156, 165, 178
pedicularidis Spencer (Phytomyza) 8ZJ
Pedionomus Sublettc 443
pedisulcus 356
pcdunculata (t.tall) (Cucullomyia) I 169
Pegohylemyia Schnabl I 103. I 105, 1109. I I 10. ll 12, 1113, lll4
Pegomya Robineau-Desvoidy I 102. 1106, I 107,1108. 1109, 1113,

ltl4
Pelastoneurus Locw 628, 629,632
Pclatachina Meade 1221, 1225, 1 232. 1 215
Pelecocera Metgen 7 19,723
Pelecorhvnchidae 2.11,99, 129,459,481, 490, I 373. I 376, I 379 82,

t399, t4t2
Pelecorhynchus Macquart 459,460, 1380 82
Peleteria Robincau-Dcsvoidr- I 219, 1239
Pelidnoptera Rondani I zl52
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Pelignellus Sturtevant & Wheelsr 1030. 1034, 1038, 1039
Pelignus Cresson 1030,1036, 1037
Pelina Haliday 1028, 1029, 1037,1040,1043
pellucida Coquillett (Pelatachina) I 232, 1 245
Pellucidomyia Macfie 414
pellucidus CoquilJett (Nebritus) 5/5
Pelomyia Williston 1074, 1075, 1076, 1077.1412. 1473
Pelomyiella Hendel 1074, 1015, 1076, 1077, l4T3
Pelopia Meigen 426
Peloropeodes Wheeler 634
Peltopsilopa Hendel 1028
penelope (Osten Sacken) (Procecidocharoides) 822
Penesymmetria Kessel & Maggioncalda 683, 684, 686
Penetagromyza Spencer 869
Penicillidia Kolenati 1283, 1284,1285, 1286, 1495
penis 37
penis guard 45
penis sheath 45
penis valve 45
penitalis (Coquillett) (Eriothrix) 1230, I 256, 1762
pennipes (Fabricius) (Trichopoda) 124J
Penniverpa Irwin & Lyneborg 522
pennsylvanica Felt (Coccidomyia) 279
Pentacricia Srein 1 I 18, 1125
Pentacyphona Alexander 170
Pentaneura Philippi 436
Pentaneurini 434
Penthetria Meigen 2l 8, 220, 220, 22 1, 222
Penthosia \Nulp 1 227, 1259
Perasis Hermann 550, 556, 561
Peratomyia Vockeroth /088, 1096
peregrinum (Meigen) (Euryomma) 1122 ,
pergandei (Williston) (Pelecoccra) 7 I 9, 7)3
Pergratospes Krivosheina & Mamacv 213. 214. I l6
perianal pad (L) 86

^..;..,1.i"1 rh^,'"r, <{
Pericoma Walker 91, 294, 296,299
Pericyclocera Schmitz 692, 698, 704, 106
Peringueyomyina Alexandcr I 50
peripneustic spiracular system (L) 83

Periscelidea 1462, 1,466, 1 467
Periscelididea 898
Periscelididae 3,28,80,90, 101, 108, I 19, 138. 139,895,917,

1443, t450, 1454, 1456, 1162 66, 1504
Periscelis Loew 80, 108, I 39,895,896,897, 898, 1461, 1465,

Phalacrocera Schiner 161, 165, 179

Phalacrophyto Townsend 12,17

Phalacrotophora Enderlein 692, 700,'704, 706
phalaenoides (Linnaeus) (Psychoda) 31, 294. 297
phalangioides Alerander (Limonia) I78
Phalconornus Wenzel I 297

Phalcop h i la We nze I 12.91

phallapodene 53

phallobase 53

phallophore 53

phallosome 31 , 45
phallotrema 53

phallus 37, 53

Phancrochaetum Hennig 10-l 2. 1 41 6'78
Phantasiomyia Townsend 1239
Phantolabis Alexirnder 175

Phaonia Robineau-Desvoidy I I 18, I 1 20, I I 2J. 1124, 1127, 1129,

1 130, 1498
Phaoniinac I I 16, 1498
Pharatretula Mamaev 217, 249
pharyngeal filter (L) '73,74.77
pharyngeal grinding mill (L) 74

pharyngeal sclerite (L) 15
pharyngcal skeleton (L) 65

Pharyngobolinae I I 52

Pharyngobolus Brauer I 152

Pharyngomyia Schincr I 152, I 156

pharlng.tsinu.sal theca (L) 75

pharynx (L) 65, 73, 75. 76

pharl'nx support (L) 68
phaseoJi (Tryon) (Ophiom.v-ia) 87 I

Phasia Latreille 1 2 1 7, 1 237, 1 252, 1258
Phasiinac I I93 1201. 1502

Phasiini I 195

Phasiomy'ia Townsend 1258

Phasiops Coquillctt 1198. I 223,1247
Phasiostoma Townsend i 220

Phasmophaga Torvnsend I l9lJ, 1225, I 231,1266
Phebellia Robineau-Desvoidy I I 96, 120'7, 1212, I 256

Phcrbecta Stcyskal 934, 937
Pherbcllia Robincau-Desvoidy 92t3, 929, 930. 9 3 3, 937

Pherocera Cole 514, 517, 518. 520, 523
philadelphica (Macquart) (Homoneura) 960, 96 I
phiJrdelphivora Spencer (Liriomyza) 826
Philetus Mclander 617
philipi Pechurran (Silvius) 467, 41 0

philippii (Rondani) (Macromeracis) 1378

Philonicus Loew 553, 555,567.511
Philopota Wiedenrann 575. 576,582
Philopotinae 5'71 . 582
Philornis Meinert I 120,1127, 1 122

Philorus Kellogg 192, 194, 195, 1 96

Philosepedon Eaton 298, 299.1351
Philotclma Beckcr 10J7, 1045
philootti (Tillyard) (Microchorista) 1336, 1337

Philygria Stenhammar 1 035, l04l
Phlcbosotera Duda 899, 900,901, l'{67, l46u
Phlcbotominac 54, 128. 295, 297,298, 300. 1353

Phlebotomus Rondani 83,295,298, 394, 135'+

Pholeomyia Bilimck 904, 907,9t)8. 1414, l415
Phora Latrcille 107. I I 1, 689, 690, 101
Phoranthella Brooks I 258

Phorbia Robineau-Desvoidy I 104,1 107. I I 10,llll,lll3
Phoridae 2,36.11,76,80,98, l0l, 107, 1ll. 123, 121'131,138,679,

689,917, 13U3, 1391, 1400, l,1l l. 1412, 1416,112.2,1424, 1504

Phorinae 696
Phormia Robincau-Desvoidy 52,7,8, 1135. //J8, 1140
Phormiini 1 134, 1 135, ll40
Phorocera Robineau-Dcsvoidy 1 196, l l91' 1221, 1 252, 1 256

P h oroc e r a Rob i neau- Desv oi d y 1 206
Phoroctenia Coquillctt 159

Phosterodoros Stone & Snoddy 362, J6J, J82, 3{t4

photophila (Fclt) (Pseudocamptomyia) 272

INDEX

1 434,

1 461

Perisccpsia Gtstel I 2 26, 1253
perissa Pritchard (Acoenonia) 260, 261
Perissomma Colless 212, 1358
Perissommatidae 212, 1336, 1343, 1341, I 349, I 350. 1 353, I 354,

1356 58, 1364, l4l0
peristomal hair l5
peritreme (L) 85
perlongum Coquillett (Zodion) 753
perniciosa Edwards (Plastosciara) 250
Peromyia Kieffer 263
Peronyma Loerv 825
pertenuis (Johnson) (Messiasia) 537
pcrturbans (Walker) (Coquillettidia) 346
perturbans (Walker) (Mansonia) 1365
petiolata Borgmeicr (Stcnophorina) 707, 708
petiolata Coquillett (Sphegina) Z3J
petiolata Malloch (Par abezzia) 404
petrei Mesnil (Opomyza) 116,883
petrolei (Coquillett) (Helaeomyia) 1036
Petrotossia Bezz\ 1384
Phaenicia Robineau-Desvoidy 34, I 1 38,1140, I 142, I 143
Phaenobezzia Haeselbarth 406, 4 16, 419
Phaenopsectra Kieffer 427, 132,443
Phaenopsis Townsend I 2l 0
Phaeomyia Schiner 1452
Phaeomyiidae 1504
Phaeomyiinae 1448,1449, l45l 53

Phaiosterna Cresson I 03 5. 1041
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phragma 3l
phragma, phragmata; true l0
Phronia Winnerrz 226 28, 233, 242,245
Phrosinella Robineau-Desvoidy 118J, ll85
Phryneidae 310
Phryxe Robineau-Desvoidy I 205, l2ll, 1 234, I 237
Phthinia Winnertz 23I ,238
Phthiria Meigen 97 , 594, 597 , 597, 598
Phthiriinae 596
Phycinac 514, 517, 518, 522
Phycodromia Stenhammar 1450
Phycodromidae I 450
Phycoidclla Saether 454
Phycomyza Melander 1074
Phycus Walker 517, 518,522
Phylidorea BigoI 1 67, 173
Phyllodromia Zetterstedt 609, 612, 622,623
P hy I logaster S tein | 125
Phyllolabis Osten Sacken 158, 167, l7l
Phyllomya Robineau-Desvoidy I 2 26, 1257
Phyllomydas Bigor I 07, 533, 534,535, 5J6, 537, 539
PhyJlomyini l20l
Phyllomyza Fall6n 903, 904, 905, 906, t475
Phyllophilopsis Townsend I 2l 6, 1228, I 238, I 255, 1265
phyllophora Melander (Telanocera) 9J6
Physiphora Fall6n 800, 801, 802, 806
Physocephala Schiner 19, 102, I 31,750, 751, 752,753,754.
Physocephalini 751
Physoclypeus Hendel 9JJ, 958
Physoconops Szil6dy 111, 7 49, I 51, 7 5 2, 753
Physoptera Borgmeier 698, 104, 706
Phyto Robineau-Desvoidy I 187, 1 188, I I9t, ll9l, 1253
Phytobia Lioy 870 12,877,1458, 1159
Phytoliriomyza Hendcl 870, 872, 87 4, 877, 878
Phytomyptera Rondani 1195, 1220, I 240
Phytomyza Fall6n 1J1, 810 12, 87 3, 875, 876, 878. 1459
Phytomyzinae 869-7 I, 812, 1459
Phytosciara Frey 251, 252, 253,254
Pialea Erichson 577
pica Townes (Omisus) 442
picciola (Bigot) (Dioxyna) 818
Picconia Robineau-Dcsvordy I 2 I 6, 1233
picipes Brauer & Bergenstamm (Erythandra) 1129
picta (Coquillett) (Amiora) 1016
picta (Fabricius) (Delphinia) B00, B0J,805
picta (Wulp) (Myothyriopsis) 1218, t242, t243
picticornis Osten Sacken (Ararba) 167
prcticornis Townsend (Chaetoglossa) I 208, 1213, I 234
pictipennis (Reinhard) (Oraphasmophaga\ I 205, l213
pictipes Hagen (Simulium) 37 1 , 378
picturata (Snow) (Acinia) 823,829
pictus (Loew) (Nicocles) 559
Pierretia Robineau-Desvoidy 1169, 1 I7 |
Piczura Rondani lll8, ll2l
pikei Whitney (Chrysops) 107, 466, 469
Pilaria Sintenis 1\,171, 184, 186
Pilatea Townsend I 2l 5
pilicornis Cresson (Paratraginops) 1458
pilimana Loew (Odontomyia) 501
Pilimas Brennan 41, 465, 467, 468, 469, 170
pilipes (Fabricius) (E,rioptera) I 77
pilipleura Borgrneier (Coniceromyia) 690, 699
pilitibia (Ringdahl) (Eglc) 1 I l1
Pilodiplosis Gagn6 286, 288
pilosa (Staeger) (Lasiopiophila) 1 4 1, 848,8J/, 851
pilosa (Wilcox) (Promachclla) 570
pilosifrons Allen (Phrosinella) 1 /8J
pinea (Felt) (Neocolpodia) 262, 273
pinicola Malloch (Leucopis) 968
pinifoliae (Felt) (Resseliella) 2Bl
piniinopis Osten Sacken (Cecidomyia) 258,259
piniresinosae Kearby & Benjamin (Thecodiplosis) 262
Pinyonia Gagn6, 286, 287
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Piophila Fall6n 84J, 817,852, 1143
Piophilidae 3, 15,25,35,51,53, 105. 109. I l-5, l1l, 143, t142,845,

l43rJ, 1439, 1441, 1412, 1504
Piophilina 1443
Piophilinac 847, 851, I 443
Piophilini 847, 1443
Piophilosorna Hendel 845, 847
piperi Knab (Microdon) 230
pipiens (Linnacus) (Svritta) 7 I 3, 1 34
pipiens Linnaeus (Culex) 20,21
Pipiza Fall6n 726.731
Pipizclla Rondani 729
Pipizini 715,116,117
Piprrnculidac 2, 12, 16,3-5, 54, 98. 1 00, I l l. 1 30, l 3 l, '745. 1412.

t1t5, t122, l.+24, 1504
Pipunculinac 1 15,716
Pipunculini 745,748
Pipunculus Latreille 31, 98. 1 I I, I J1, 715,146, 747. 748
pisonilblia (Felt) (Bruggmannia) 280
pistiae Ingrarn & Maclic (Phacnobczzia) 406,416
Pitydiplosis Gagn6 282
placata (Hutton) (Pscudolcria) 975
placida (Coquillett) (Brcviperna) 5/5, 522
plagioidcs Townsend (Goniochaeta) 1241
PJagiomima Brauer & Bergenstamm 1232,1250
Plagioneurus Loov 6J0, 633
Plagictpsis Cresson 1036
Plagiosippus Reinhard I 220
Planarivora Hickman 227
planc, horizontal 9
plane, sagittal 9
plane, transvcrse 9
Pf anetella Westwood 268,273.282, 288
planiceps (Fall6n) (Gonalherus) 1095
Planinasus Cresson 891,892, 1463 65,1161
plantar region 36
Plastophora Brucs 70J. 706
Plastosciara Berg 250, 25 1,254, 1352
Plastotcphritinac I 44 I

platani Siiss & Muller-Stoll (Palacophytobia) 872, 1459
plate, axillary 28
plate, basal 29
plate, costal 28
plate, distal mcdian 29
plate, dorsal: of head capsule (L) 66
plate, facial 15
platc, first axillary 28
plate, fourth axillary 29
plate, Irontal 14
pla1e, fronto-orbital 14, l5
plate, humeral 28
plate, h1'pogynial 44
plaLe, interfrontal l4
platc, intra-anal 4.1

plate. lahial (L) 68
plate, Iabral (1,) 10
plate, marillarl, (L) 68
plate, median ).9
plare, ot'ellar l2
plate, orbital 14
plate, paraJrontal l1
plate, paralabial (L) 70
plate, proximal mcdian 29
plate, sccond axillary 28
plate, spiracular (L) 85, 86
plate, subgenital 11
platc, third axillary 28
plate, unguitfactor 36
platc, ventral ,14

plate, ventral epandrial 45
plate, vertitul ll
plate, vertical (L) 68
platura (Mcigcn) (Deiia) 1101, 1110
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Platurocypta Enderlein 228, 245
platycephala Malloch (Nothoasteia) 1467
Platycheirus Lepeletier & Serville 7 18, 7 19, 121, 7 30
Platycladius Sublelte 449
P lat yc ne ma Z e I t e rst edt 683
Platycoenosia Strobl I I 18

Platycoenosia Strobl I l2l
Platydiplosis Gagn6 289
Platygymnopa Wirlh 103l, 1033
Platymya Robineau-Desvoidy l2l2
Platypalpus Macquart 609, 611, 6l 1,623
platypelta (Cresson) (Calocoenia) 10JZ
Platypeza Meigen 98, 1 37,685,686, 68l, 688
Platypezidae 2, 14,32,33, 35, 36, 5 l, 53, 55, -sll, 59, 75 77. 80, 98.

99, 101, 1ll, 137, 138,681,897, 1391, 1400 02, I404 06, l,+ll,
14t2, t4t4 16, 1422, I 424, | 504, I 505

Plalypezina Wahlgren 682, 683, 684, 1401, 1415. 1422
Platypezinae 681,683
Platypezininae 68 I, 682, 683
Platypezoidea 2, 32, 679, \422, 1421, 1504, 1505
platyptera (Loew) (Xanthomyia) 823
Platypygus Loew 596
Platystomatidae 3,54, I 12, 115,141, U01,809, 814,1429.1438 41,

I 504
Platystomatinae I 4,11

Platystyla Macquart 784
Platytipula Matsumura 163
Platyura Meigen 96, 224, 229,236
plebeia (Loew) (Palpomyia) 406, 41 3

plebeja Loew (Tetanocera) 93 I , 932
plebejus group (Hippelates) 1052
plebejus Loew (Hippelates) I06l
Plecia Wiedemann 27, 79, 83, 9 1, 219, 220, 220, 22 I, 222, 1366
Pieciinae 2\7, 218, 220, 222
Pleciini I 35 I

Plecopteracoluthus Steffan 445
Plectrodiplosis Cagn6 281
Plectromyia Osten Sacken 170, 178
Plesioclythia Kessel & Maggioncalda I l 1, 681, 683, 684,686, 1401,

I 406
Plesiomma Macquart 554, J58, 561, 562
Plethochaeta Coquillett I 089, 1096
pleural membrane 26
pleural membrane, true l0
pleural process 35

pleural suture 23, 26, 28, 35
pleural wrng process 28
pleurale (Malloch) (Platycladius) 449
plcurale Malloch (Prosimulium) 367, 368, 373
pleuralis (Cresson) (Pteromicra) 930
pleuralis (Williston) (Paralipophleps) 174

pleuralis Melander (Amauromyza) 877
pleuritica Loew (Cordilurina) l09l
pleuriticus Melander (Stilpon) 611
Pleurochaetella Vockerolh 1086, 1 092, 1094
pleuron, pleura 10,23
pleuropunctata (Wiedemann) (Willistoniella) 942
pleurotergite 25
pleurotrochantin 27
Plexiopsis Huckett 1 | 18

plexipus (Garrett) (Acomoptera) 232, 239
plinthopyga (Wiedemann) (Kellymyia) 1166
plumose 16

plumosula (Rondani) (Kimosina) 1001
plumosula group (Limosina) 999
plumosus (Linnaeus) (Chironomus) 40, 42 3, 449
plumule 28
Plunomia Curran 967, 968, \449
pluvialis (Dyar & Shannon) (Trichothaumalea) 35J
pluvialis (Linnaeus) (Anthomyia) 43, 1099, I 107
pluvialis Malloch (Forcipomyia) 399
Pnyxia Johannsen 96, 122, 248,254,255
Pocota Lepeletier & Serville 736

I\ DtsX

podagrica (Loew) (Morellia) I 122

Podonominae 421 26, 427, 433, 455
Podonomini 433
podophylli (Felt) (Youngomyia) 282

Poecilanthrax Ostcn Sacken 595, 601

Poecilognathus Jaennicke 598
Poecilographa Melandcr 930,93 I,931, 934
Poccilolycia Shewell 9J9, 960,963
Poecilominettia Hendel 9J6, 958, 964
Poccilosomella Duda 994, 996, 998, 1000
Pogonaria Turner 486
Pogr.tnontyia Rondani I I 18, 1 i 2l
Pogonontl ioi de.r M a I loch 1 1 |8
Pogonortalis Hendel 809, 810
Pogonosoma Rondani 555, 558, 570
Pogonora Zeuersredt 1086, I087, 1088, 1091, 1092, 1094
poison duct (L) 72
poison gland (L) 72
Polacantha Martin 551, 571

Polichcta Rondani I 217, 1224
Polideini I 220
Polictcs Rondani 1121
Polietina Schnabl & Dziedzicki 1121

Poliomyia Scudder l43ii
polita (Coquillett) (Aplomyopsis) l2l2
polita (Coquillctt) (Cordilura) 1 089, 1090
polita (Linnaeus) (Microchrysa) 501 . 506, 507
poiita Coquillett (Zabrachia) 501. 508,509
poJita Malloch (Me lanthomyza) 148 I

polita Sa1'(Lonchaea) 13, I 12,791,793,794
poliLa Torvnsend (Epigrimyia) 1229
polita Townsend (Gl"mnoprosopa) 1 180
politilrons Borgmeier (Citrago) 691
politura (Reinhard) (Clausicella) 1229, 1234

politus (Say) (Toxomerus) 716
Pollenia Robineau-Desvoidy 52, 89, 104, I 135, I I J7,1140, I 143,

1188. n89
Pollcniini 1140.1499
pollcnius (Colc) (Callinicus) J66
pollinosa Walton (Elcodiphaga) 1 205
pollinose l0
pollinosity \0
Polvrngrcu. Dornc 170. 178

Poll'ardis Pritchard 264, 265. 270
Pollbiomyia Shannon 7 I 9,'723, 7 33

pol-v-daclylus N ielscn (Atrichopogon) 4 1 9

Polydontomyia Williston 7 33, 7 35,'738
pollgrammus (Locw) (Lejops) 7 26, 138
Polylepta Winnertz 2 30, 231, 238
Polymedon Osten Sacken 632
Polymera Wiedemann 167.171, 181

Polyneura 1334, 1335, 1339, 1342, 1343

Polypathomyia Krivosheina 758, 760
Polypedilum Kieller 4Jl, 1 32, 440, 413
polypori (Willard) (Polyporivora) I 37, 684, 687
polypori Vockeroth (Acadia) 240
Polyporivora Kessel & Maggioncalda 99, I 37,681, 683' 681,686,687
Polystepha KiclTcr 280
polystigma (Mcigen) (Chamaemyia)'965
Polytocus Lamb l45l
Polytrichophora Cresson I 03 I, 1033
Pomaceridae 544
pomonella (Walsh) (Rhagoletis) 108, I 46, 8l 8, 820, 822. 827
ponti Vockeroth (Hydrotaca) /12J
populi Felt (Kronomyia) 267,269
Porricondyla Rondani 262, 267, 268, 27 I ,2'72,273, 276, 278
Porricondylinae 36, 89, 92, 251,259,261, I 35 I

Porricondylini 269
Porsenus Darlington 97 5, 911
postabdomen 37

postalar callus 25
postalar detlivity 25

postalar ridge 25
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postalar wall 25 prcmentum ([.,) 68
postanal ridge (L) 82 premcntum. true (L) 68
postatrial sclerite 44 prensiseta 55
postclypeus 15 preoral cavity (1,) 66
postcoxal bridge 28 preoral cavity, true (L) 73,11,76
postcranium i0, 16 preoral segment 9
posterior 9 prescutal pit 24
posterior basalare 27 prescutal suture 24, 25
posterior branch, wing veins 29 prescutellum 25
posterior trossvein 33 prescutos('utal suture 24
posterior cubital cell 33 prescutum 24,25
poslerior gonapophysis 45 prescutum, trtte 23,24
posterior gonapophysis, gonapophyscst true 38 prestcrnum 23
posterior notal wing process 25, 28, 29 prestomal tooth 20
posterior pronotunt 23 prcsutural area 25
posterior spiracle (L) 79, 83, 85, 86, 125 pretarsus 36
posterior surstylar lobe 55 prctiosa Loew (Himeroessa) 8 | 0
posterior thoracic spiracle 23,26, 28 pribilovia Alcxander (Tipula) 162
posterior thoracic spiracle (L) 83 prima Malloch (Coenosopsia) I05, ll02
posterolateral scutal suture 25 prima Tonnoir & Malloch (Xenosciomyza) l45l
postJrons 10, 14 primary'gonopore 38
postgena, postgenae 10, 15, 16 primary phallic lobe 5)
postgenital segments 38 primigenia Mclander (Ragas) 618
po.stgonite 9, 53 primoris Reinhard (Orestilla) 1248
posticalis (Lundbeck) (Trichotanypus) 128, 435, 453 Prionocera Loew 17, I 57,162, /B0, | 8 I

posticata (Fabricius) (Mallota) 7 I 4 Prionolabis Ostcn Sackcn 172, 179
posticata Meigen (Nemorimyza) 877 Prioriphora McAlpine 695, l4l8
postmcntal element (L) 70 pristina McAlpine (Cretonomyia) l4l8
postmentum 20 Pritchardomyia Martin 569
postnotum 24, 25, 28 Probezz.ia Kieffcr 40, 406, 4 I 3. 414. 4 I 7
postoccipital carina (L) 66 proboscidalis Malloch (Neohylemyia) I 108
postoccipital sulcus (L) 66,68 proboscidea Zetterstedt (Cordilura) 1089
postoccipital suture (L) 66 Proboscimyia Bigot 1104, lI08
postoccipital suture, true 12, 16 proboscis 16
postoccipul 16 Procanace Hendel 1080. 1474
postocellar bristle 14 Procatharosia Villeneuve 1259
postocular bristle 16 Procecidochares Hendel 825
postoral segment 9 Procccidocharoides Foote 822,825
postpedicel 16 proce.ssus longus 55
postpronotal bristle 23 Prochyliza Walker 105, 815, 816,852
postpronotal lobe 23 Procladiini 433
postpronotum 23 Procladius Skuse 9J, 128,433, 435, 15 I , 154
postscutellum 24,25 proclinate 14
postsutural area 25 Proclinopyga Melander 614
posttarsus 36 Procolobostema Cook 317
Potamia Robineau-Desvoidy I I 18, I 120, 1127, 1128, I 129 Procremifania Hennig 966, l4zl8
potomaca Fisher (Ditomyia) 229 Proctacanthella Bromley 563,571
Potthastia Kieffer 437 Proctacanthus Macquart 553 55, JJB, 57t
praecox de Meijere (Lipoleucopis) 967,968 proctigcr, male 45, 55
praeusta Loew (Snyderia) 1090 proctiger, true 37, 44, 55
praeustum (Meigen) (Ncottiophilum) 846,841 , 848 Procystiphora Felt 290
Praspedomyza Hendel 872 Prodegeeria Brauer & Bcrgenstamm 1233
pratensis (Meigen) (Blepharipa) I 243, I 252 Prodiamesa Kieffer 428, 437, 452
pratincola (Panzer) (Anthomyiella) 1106, I 107 Prodiamesinac 437
preabdomen31 Prodiplosis Feft 275,286,289
prealar bridge 27 Prodryomyza Hcnnig 924, 1.151

prealar callus 25 productus (Johannsen) (Macrobrachius) 245
preanal ridge (L) 82 procpimcral bristle 23
prcatrial sclerite 44 proepimeron 23
precocious adult eye (L) 73 proep;srernal bristle 23
precoxal bridge 23 proepisternum 23
preening 36 Progonomyia Alexander 174
preepisternum26,2T prohibita (Aldrich) (Acanthodotheca) 1172,1177
preepisternum, true 27 Prolatiforceps Martin 571
prefrons 10, 14 proleg (L) 80
pregenital segments 38, 44 proleg, prothoracic (L) 8 I

pregonite 45,51 proleg, terminal (L) 8 |

prehalter 33 prolegs, number and distribution (L) 81

prehypopygial sclerite 38 Prolepsis Walker 550, 554, JJ6, 561, 564
prelabrum 10 Prolimnophila Alexander 9/, I 58, 167, l7l
premandible (L) 66, 70 Promachella Colc & Pritchard 570
premental element (L) 70 Promachina Bromley 554, 560,570
prementum 20 Promachus Loew 69, 9J, 550, 553, 555, 558, 566, 567,570
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Prornericia Brooks 126l pruinosc l0
Promolophilus Alexander 173,175 pruinosus (Wheeler) (H1-pocherassus) 18,628.629
pronotum 23, 27 Psaeroptcrella Hendel 802, 805
pronotum anterior 23 Psalidopteryx Townsend l22l
pronotum, posterior 23 Pscctrocladius Kieffer 4J2, 447.448
Prooppia Townsend 1201,120'7 Psectrosciara Kicffcr 314, 3 | 7, 318
Prophaeomyia Hennig I 452 Psectrosciarinae 3 I 3, 3 I 7. 318, I 353
Prophilopota Hennig 5tl2 Psectrotanypus Kieffer 428, 430,432.134
propinqua Schiner (Euryncura) 501, 505 Pselliophora Osten Sacken 16l
propleural bristle 23 Pseudacicephala Malloch 1090
propleural sulure 23 Pseudacteon Coquillctt 693,698,705,'708
propleuron 23 Pseudapinops Coquillett 1263
propncustic spiracular systcm (L) 83 Pseudatrichia Ostcn Sacken 58,526, 527
Prorates Melander 594,598,1385, 1386 Pscudcuantha Torvnsend 1262
Prosalticella Hcnnig 1452 PseudiasLata Coquillett 1012, 1016
Prosciara Frey 254 Pseudobrachl-peza Tuomikoski 241
Prosena Lepeletier & Serville 1248 Pseudocalliope Malloch 9JJ. 958
Proscnoides Brauer & Bergcnstamm I 232.1217 Pseudocamptornyia Parnell 272
ProsirnuliumRoubaud40,355,357-60,361.362,363,364,366,367, pseudocephalitsegnent'74

368,370,373,374,375,383,384,J8J,387,388,1362 PseudocepsBcckcr84T
Prosochaeta Malloch I 452, I 453 Pscudochaeta Coquillctt I 20E, 1210, l2l2
Prosochaetini 1453 Pseudochironornini 442
Prosopantrum Enderlein 1485 Pseudochironomus Malloch 431.132.411.442
Prospherysa Wulp 1274, I 23 I Pseudochirosia Ringdahl 1102, I I 03
Prosphyracephala Hcnnig 789 Pseudococnosia Stein | | 19. 1126
Prosphyrocephala (Loew) 1436 Pseudodiau.rcsa Goetghebuer 428.437
prosternum 23, 35 Pscudodinia Coquillett 96'7.968, 1419
prosthcca (L) 71 Pseudodoros Becker 719.721
protandrium 38 P:eudoerittna Nagatorni 184
Protanthyomyza Hcnnig 1461,1162 Pscudoerinna Shiraki ,160. 1373. 1379 82
Protanyderus Handlirsch 119, 150, /J0, 1359 Pseudogaurax Malloch 1050, 1058, 1059
Protanypus KielTer 4J0, 437, 452 pseudogula 16

Protaplonyx Felt-2'79 Pseudohccamede llendcl 1028, /0J4, 1038
Protaxymyia Mamaev & Krivosheina 212 Pseudohyadina Clausen 1030, 1013
protea (Alexander) (Pedicia) /66 pscudoincisurata Waugh & Wirth (Das.vhelea) 17,402.409,415
Protearomyia McAlpine 792,795,796, 1106, 1439 Pscudoleria C;arrett 975.978
Protendipes Rohdendorf 427 Pseudoleucopis Malloch 966,967, I 448, I 449
prothoracic leg35 Pseudolimnophila Alexander 160,167,171, l8l,183, ltt5
prothoracic prolcg (L) 81 Pseudolimnophctra Strctbl 1118
prolhoracic spiracle 23 Pseudolynchia Bcquaert 1214. 1276.1211, 1278
prothoracic spiracle lL) 83 Pscudomeriana Brooks 1261
prothoracic spiracle, true 23 Pseudomorinia Wulp 1257
prothorax 23 Pscudomlzinae 1 432
Protoaulacigaster Hcnnig 892, 1461 Pscudonapomlza llendcl 8ZJ,878
Protobibio Rohdendorf 427 Pseudonomoneure Bequacrt ,533. -tJ4, 53-5, 5J6, 537, 539
Protocalliphora Hough I 134, I 135, 1140, I 113 Pseudonupcdia Ringdahl 1105, 1109
Protocalliphorini I I 35 Pseudopachychacta Strobl 1054.1065
Protocamilla Hennig 1025, 1488, 1489 Pscudopachystylun Mik 1252,1257
Protoclythia Kessel 684,686 Pseudoperichacta Brauer & Bcrgenstamtn l2l0
Protocoelopa Malloch 1450 Pseudophaonia Malloth 1121
Protocyrtidae 582 pseudopodium (l-) 80
Protocyrtus Rohdendorf 582 Pseudopomyza Strobl 760, 1477
Protodejeania Townsend 1244 Pseudopomyzella Hennig 757, 758, 760
Protodcxia Townsend 1167,1172,1113,1176 PseudopomyzidaeT5S
Protodexiini 1162,1173,1171 Pseudopornyzidae 1430.1432.1504
Protodinia Hennig 866, 1458 Pscudopomyzinac 758.760. 1432
Protogcodes Schlinger 577 pseudopostocellar bristlcs 1112, 1181
Protolbiogaster Rohdendorf 310 Pseudopsila Johnson 784
Protolbiogastridae 310 Pseudopyrgota Malloch 842
Protonephrocerus Collin 7'{6 pseudorcptans Norvak (Agronryza) I l0
Protophormia Townsend 1140 pseudoreptans Nowakowski (Agromyza) 875
Protopiophila Duda 848, 852 Pseudorhicnocssa Malloch 1015, !413
Protoplasa Osten Sacken 58,91,119,150, 1J0, 1J-5J, 1359, 1373 Pscudorthocladius Goetghebuer 446,418,449
Protorygma Hcnnig 1453, 1454 Pseudosciara Schiner 251,252,253
Protoscinella Hennig 1050 pseudosegment (L) 77

Protothyreophora Ozerov 1443 Pseudoscioptera Stlickelbcrg 805
protuberans Malloch (Macateeia) I I 12 Pseudosimulium Westwood 362
proximal 9 Pseudosiphona Townsend 1239
proximal mcdian plate 29 Pseudosmittia Goetghebucr 450, 153, 454
proximal tar.sal segment 36 Pseudostrcbla Costa Lirna 1297
proximus (Walker) (Chrysopilus) 482 pseudosutural fovea 24
pruinescencc l0 pseudctsuture 24
pruinosa (Macquart) (Polietina) Il2l Pseudotachinomyia Smith l196
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Pscudotephritina Malloch 802, 807
Pseudotephritis Johnson I 02, 1 45, 804. 801
pseudotrachea, pseudotracheae 20, 74
Psila Meigen I 09, 7B l, 182, 783, 784, 1134
Psilacrum Becker 1055
Psilidae 3,28,19,86,90, l0l, 109, l2l, 144, I45.179,781,788,898

1432 34, 1439, 1462, t504
Psilinae 782, 1.134

Psilocephala Zetterstedt 5 I 8, 522
Psiloconopa Zetterstedt 178
Psilocurus Loew 561
Psilodera Cray 577
Psilokempia Enderlein 399, 402, 4 1 7
Psilometriocnemus Saether 450
Psilomydae 1434
Psilomyia Latreille 1434
Psilonyx Aldrich 550, -t56, 557, 558
Psilopa Fall6n 1028, 1029, 1032,1036
Psilopclmia Enderlein 369, 37 5, 376, 381
PsiJopiella Van Duzee 628, 629, 634, 636, 637
Psilopinac 1027 29,1030,1038, 1039, 1492
Psiloplcura Reinhard I 23 1, l25l
Psiloplagia Czerny 982
Psilosoma Zetterstedt 7 82, 784. | 434
Psilosymmerus Munroc 235
Psilota Meigen 7 18, 7 21, 731
Psilozia Enderlein 362, 363,370. 37 I, JZ9, 381, 388
Psorophora Robineau-Desvoidy 313, J44, 345, 346, 349
Psychoda Latreille 37, 293, 294, 297, 298, 299, 1316
Psychodidae 2. 20, 21, 25, 28, 29,3 I 33. 54, 58, 68, 73. 77. U2. 83.

85,91,92, 128,293,342,394.1334 36. l34l ,+4. 13,t7. t350,
1353, 1354, 1356-58, 1361, 1366, 1371, 1399, 1,+13, l4l4

Psychodidea I 336
Psychodiformia I 341
Psychodinae 17,79, 80, 128, 293, 295, 297,298, 300, 1353, 1361
Psychodoidea 2, 1339, 1353
Psychodomorpha 2,36,58,68,71,206, 1339, 1340, 1342 11, 1350

51, r356 58, 1360, 1363, 1365, 1366
Ptccticus Loew 499, 502, 506,508, 509, 5 I 0
Pterallastcs Loew 738
Ptcrelachisus Rondani 164, 178
Pteremis Rondani 995, 996, 997, 998
Pteridomyza Nowakowski 872
Ptcrobosca Macfie 399, 408,409
Pterocallidae 1,504

Pterocallini 1440
Ptcrodontia Gray 576,577,578, 580, _t81, 582,583
Pterogramma Spulcr 995, 996, 997, 1000
Pteromicra Lioy 928, 929, 930,937
pteropleuron 26
pterostigma 29
Pterygota I 357
ptilinal fissure l4
ptilinum l4
Ptifodexia Brauer & Bergenstamm I 245, 1249
Ptilomyia Coquillctt 1027, 1 034, 1038
Pliolina Zetterstedt 484, 485, 486, 487, 13,19

Ptychoneura Braucr & Bergenstamm 1160, ll6l. | 180.1182
Ptychoptera Meigen J4, 70, 73, 80, 8 1, 326, 327, I 343. I 363
Ptychopteridae 2,25,28,32, 35 37, 54, 55, 66, 68, 70 73, 77. 80, Ul.

83, 85, 92, t21,325, I 334 36, 1339 44, I 3s3. I 35.1, 1J55, I 356,
1358 60, 1363, 1364, r366, 1409, 1417

Ptychopterinae 326, I 334, I 353
Ptychopteroidea 2, I 339, I 353, I 358
Ptychopteromorpha 2, 1339 42,1344,1354. 1358,60, 1365
pubera (Loew) (Atrichomelina) 929, 935, 936, 93i
puberula (Zetterstedt) (Borboropsis) 91 5, 976
pubesccns (Loew) (Megagrapha) 6l I
pudica Meigen (Cordilura) 1089
puella (Wiedemann) (Atomosia) 560, 565
pulchella (Curtis) (Allocotocera) 230, 238
puJchella (Williston) (Orthonevra) 726, 7 28
pulchra Loew (Pachygaster) J08, 509

Puliciphora Dahl 12J, 707, 710,'7ll
pulla (Adams) (Thaunatomf ia) I065
pulla Coquillett (Mauromyia) 1222
pullata (Melander) (Heleodromia) 61,{
Pullimosina Rohirdek 994, 1002, 1003
pullula (Zcttcrstedt) (Pullimosina) 994
pullus (Wiedemann) (Arnphicncphcs) 81 I
pulvcrca (Coquillctt) (Prosphcrysa) /23l
pulvrlliform 36
pulvillus. pulvilli 36
pulvinariae Malloch (Leucopis) 969, 9'70
pumilionis (Bjerkander) (Chlorops) 1050
pump, cibarial 15, l9
pump, ejaculatorl, 53
pump, food \9
pump, sperm 53, 54
punctata (Coquillctt) (Toropamecia) 968
punctata Fabricius (Dalmannia) 255
punctatus (Fabricius) (Sylvicola) J09
Puncticorpus Duda 995
punctilera (Malloch) (Gowdeyana) 502, 503
punctifrons (Becker) (Olcella) I 052
punctifrons Curran (Salpingogaster) 7 27, 7 35
punctigera CoquiJlett (Paroedopa) 806
punctipennis (Say) (Anophcles) 313, 341
punctipennis (Say) (Chaoborus) 336, 337.338
punctipennis (Wiedemann) (Paralimna) 1042
punctulata Williston (Nausigastcr) 73J
punctum (Fabricius) (Scpsis) /1J
punctum (Linnaeus) (Sepsis) 945
punclum Meigen (Campichocta) 1022
pupal horn 24
Pupipara 1124
purchasi Maskcll (lcerya) 1072
purpurata Bequaert (Lasia) 526, 528
purpureipes Aitken (Acdcs) 346
pusilla (Coquillctt) (Opsorncigenia) I 243
pusilla (Speiser) (Microlynchia) 1275, 1211, 1278
pusio group (Liohippelatcs) 1051
pusio Ostcn Sacken (Pantarbes) 107,591
Putoniella Kieller 288
putris (Linnaeus) (Themira) 917, 948
Pycnoglossa Coquillett 1 104, ll08
pygmaea (Haliday) (Atissa) 10J4
pygmaea (Meigen) (Cerodontha) 823
pygmaea James (Euparyphus) 50.1

pygmaea Winncrtz (Hc|eropez.a) 260
pygmaeus (Williston) (Microtabanus) 471
p.vgmacus Borgmeier (Trophodeinus) I 23. 707
pygrnaeus Fabricius (Bombylius) 589
pyralidis Coquillctt (Pseudochaeta) 1208
p1'rastri ([-innaeus) (Scaeva) 7 22, 7 27
Pyrgota Wiedemann I 12.8/J, 814, B1J
Pyrgotclla Curran 814, 81J
Pyrgotidae 3, 35, 105, 1 12, l3l. 132,813, 1415. 1137 .12. 1504
Pyrgotinae 814, 1,141

P1'rgotini 8 I 4

Pyrgotosoma Malloch I 4l 5

Pyritis Hunter 726,737
Pyrophaena Schincr 221

quadrata (Say) (Tropidia) 725,731
quadra[a (Sturtevant) (Microdrosophila) I 10, l0l 3,1011
quadratus (Say) (Platl,cheirus) /J0
quadricornis Melander (Neophyllonryza) 907
quadrifasciata Say (Ptychoptera) 34, 327
quadrilineata (Bigot) (Chrysochlorina) 503
qundrrmaculata (Panzer) (Pipiza) 7 26
quadrisctosa (Malloch) (Drymeia) 112J
quadrisetosum (Thomson) (Calliopun) 959, 961
quadrivittaLum Malloch (Aphaniosoma) 986
quadrivittatus (Say) (Silvius) 467, 469

Quadrulnriu Huckett 1 | 18

| 56'7
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quatei (Wirth) (Paracocnia) 1012, 1045

Quateiella Cook 316, 319
quaylii Doane (Tipula) 178
quercifblia (Felt) (Thripsobremia) 287
querula (Walker) (Ravinia) 142, 1161, I 167, ll81

R 28,29, J0
Rt 29, 30
R2, R3, R4, R5 29, -t0
RA 29
Rachiceridae 131 5, 131 6

Rachicerus Walker /8, 95,99, 107,189,490. 491.192.1372, 1375.
1371 -79

Rachispoda Lioy I 10,997,997,998
radial sector 29
radial-mcdial crossvein 32
radicum (Linnaeus) (Delia) 1111
radiospinosa Hennig (E,lectroclusiodes) 857. 1457
radius 28,29
Rafaelia Townsend Il78
Ragas Walker 618, 1390
Rainiena Rondani 762, 764, 165, 766, 767
ravinia Parker (Sarcofahrtia) I l8l, 1184
Ravinia Robineau-Desvoidy 112.1163, I 164, I 167, I 170, I 184

Raviniina 1 162

Raviniini I 162, ll63
Raymondia Frauenfcld 1295, 1291
rcclinata (Aldrich & Webbcr) (Carcclia) 1201. llll
reclinate l4
rccondita (Osten Sacken) (Pilaria) 184
recta Scudder (Poliomyia) 1438
recurva Johannsen (Paratinia) 230,237, 242
recurvata Melandcr (Thanategia) 613
recurvatus Chillcott (Roederiodes) 6/5
Redtenbacher system 29
reducta Matile & Vockeroth (Robsonomyia) 229.236
reducta tehamicola Alexander (Dicranota) I 78

reflexa (Felt) (Harmandia) 225
regalis (Reinhard) (Megaprosopus) 1 254
regelationis (Linnacus) (Trichoccra) 303
regina (Meigen) (Phormia) 52,78, I 138, 1110
regularis Curran (Omomyia) 118, I 19, 834
Reichertella Enderlein 316, 318
reinhardi Sabrosky & Arnaud (Atactopsis) I 205, 1211. I 235

Reinhardiana Arnaud I 220
reinwardtii Wiedemann (Tabanus) 47J
relictus McAlpine (Dasiops) 1439
relictus Wulp (Sepedon) 936
remigium 29
remotinervis Hennig (Anthoclusia) 1462, 1465
Renocera Hendel 927. 929,930,931, 9JJ, 937
replicata (Linnaeus) (Phalacrocera) 161

re p rod uct ir e ope ni ng 38

reses Giglio-Tos (Scathophaga) 1088, I089
resinicola (Osten Sackcn) (Cecidomyia) 17.94. 257, 262, 267, 268.

27 1. 284
resonator ridge 37
respiratory siphon (L) 79. 85
respiratory spine (L) 86
respiratory system (L) 82, 86
resplendens (Loew) (Metadioctria) 565
Resseliella Seitner 276.281, 284
restuans Theobald (Culex) 347
rctifinis Saether (Brillia) 148
re I i nacu I u m, ret i natu I a 2a 5

retincria, retineriae 36
reversus Walker (Hybos) 97, 613, 621

Rhabdomastix Skuse 154, 1JJ, 156, 173,1'76,187
Rhabdophaga Westwood 19, 290
Rhachoepalpus Townsend I 216,1247
Rhadiurgus Loew 555, 571
rhaetica Rohdendorf (Protolbiogaster) 310
Rhaetomyiidea 1336

Rhaetomyiidea 1336
Rhagina Malloch 1379
Rhagio Fabricius 4/, 68, 72. 13, 129.484, 486, 487, 604, 1379, 1381,

I 401

Rhagioforma Irwin & Lyneborg 5/J, 519
Rhagionidae 2, 1 4, I 6. 20, 31 . 44,54, 55, 66, 68,12.13.8 I, 99, I 07,

1 30, 460, 480, 483, 190. 494, 532. 550. 604, t312. I 373, I 376,
1379 83, 1386, 1399, 1400, 1402. 1403, 1408. t112,1411

Rhagionidae 1376
Rhagoletis Loerv 1118, I 16, 8 I 8, 820, 822,826, 827
Rhagoletotrypcta Aczel 826
Rhamphomy'ia Meigen 42. 609, 6 I 6, 617, 620, 622, 623
Rhaphidolabina Alexandcr 170, I ti3

Rhaphidolabis Ostcn Sacken 1 66, 170
Rhaphiomidas Osten Sacken 42,95,541 43,544. 515, 546, 517,

r 387, t 3Uu

Rhaphium Meigen 628, 629. 633, 635, 636. 637

Rhegmoclcma Enderlcin 3 I 4, 316, 317

Rhegmoclematini 316, 317
Rhegmocicmina Endcrlein 314, 31 5,316, 317, 318
Rheocricotopus Thienemann & Harnish 446,452
Rheotanytarsus Bause 44 I , 111
Rheroza Endcrlein 3 I 5, 3 I 6, 319
Rhingia Scopoli 717, 1 18, 7 21, 731
Rhinia Robine au-Dcsvoidy l 135

Rhiniinae 1,199

Rhiniini I 133. I 136. 1140, 1199

Rhinoestrus Braucr I 156

Rhinoleucophcnga Hendel 1016. 1487

rhinolophi Jobling (Ascodipteron) I 296
Rhinonapaca Wirth 1030, l04l
Rhinophora Robineau-Desvoidy I 188, I 189

Rhinophoridae 3,52. 104, 105. 121, 136, 1187, I 189, I 195, 1200,

I 25 l. I 253, I 492. l,+98 I 502. I 504

Rhinopomyzclla Hennig 760
Rhinotora Schiner 10J, 989, 990, 992,1482
Rhinotoridac 3, 103, 108, I 15, 125, 989,1419.1481, 1482, 1504

Rhinotorinae 1482
Rhinotorini 992, 1481, 1482

Rhinotoroides Lopes 989.992. l4u2
Rhipidia Meigen 154. /JJ, 168

Rhizomyia Kieffer 279
Rhodesiella Adams 1055. 1OJZ

rhoeo (Walker) (Drino) /208
rhoinus Felt (Arthrocnodax) .262

Rhopalinae 537
Rhopalomera Wiedemann I 453

Rhopalomeridac 1453
Rhopalomyia RUbsaamen 290
Rhopalopterum Duda 10J6, 1058

Rhopalosyrphus Giglio-Tos 729
Rhynchanthrax Paintcr 600
Rhynchohelea Wirth & Blanton 402. 403, 406, 407,408
Rhynchoplatyura de Meijere 224

Rhynchosciara Rubsaamen 241, 248, 249, 250, 251
Rhyncophoromyia Malloch 692, 704, 106
Rhynencina Johnson 821
Rhyphidae 310
Rhyphidea 310,1336
Rhyphidea I 336
Rhypholophus Kolenati 176

Rhysogaster Aldrich 580
Rhysophora Cresson 103 1, 1033
Rhytidops Lindner 942,942, 1453

ribcsii (Linnacus) (Syrphus) 49, 730, 739
Richardia Robineau-Desvoidy 83J, 834, 8JJ, 837
Richardiidae 3, 108, 1 19, 125,833, 842,946,1438, 1439. 1441,1442

I 504
Richardiinac 834, l.{42
richardsi Vockcroth (Masoniella) 1075, 1076, 1 077
richardsoni Malloch (Pseudochironomus) 431, 432, 44 I
ridingsi (Cresson) (Pogonosoma) 558
rilcyi Coquillctt (Mythicomyia) -594

INDEX
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rima, rimae (L) 85
riparia Fall6n (E,phydra) I 16, 1 18,119,1027
riparius Meigen (Chironomus) 429
Risa Becker \4'75,1416
Risidae 1468, )470, 1474, 1475, 1416, 1478, 1492, 1504
Rivellia Robineau-Desvoidy I 12,809,810, 811, 1141
Robackia Saether 438
Robackina Lopes ll69
robertsonii (Townsend) (Genea) I 23 I
Robertsonomyia Malloch 7 5 2, 754
Robineauella Enderlein I 165,1168, 1 I7 l, I 177
robiniae (Haldeman) (Obolodiplosis) 288
Robsonomyia Matile & Vockeroth 229,236
robusta (Walker) (Cairnsimyia) 990, 992
robusta Brooks (Drchocera) 1227
robusta Cresson (Rhysophora) I 03 I , 1033
robustum (Osten Sacken) (Heterostylum) 591, 592
roederi (Williston) (Euchaetogyne) | 217
Roederiodes Coquillett 608, 609, 614,61 5,621,623
rogatoris Coquillett (Hemerodromia) 602
rogersiana Alexander (Polymera) 167
rohdendorfi Krivosheina & Mamaev (Hesperinus) 221
Rondania Robineau-Desvoidy I I 98, I 230, 1260
Rondaniella Johannsen 232, 240
Ropalomera Wiedemann 1 I 3, 941 ,942, 1453
Ropalomeridae 3, 28, 55, 90, 101, I 13, I 14, 125,941,946.

1449, 1453, 1454, r482, 1504
roralis (Linnacus) (Melanophora) 52, 104, 120, l2l, I 187,

ilgt
rosae (Fabricius) (Psila) 1 09,782, 783
Rosellea Rohdendorf | 168
rossi Pechuman (Glutops) 461
rostrata (Hendel) (Neopelomyia) 1 076, 1472
rostrata Borgmeier (Crinophleba) 690, 696, 699
rostratum (Melander & Brues) (Trophithauma) 692.704
rostrum 15
rotation, clockwise 58
rotation, counterclockwise 5 8

rotation, facultative 56
rotatron, male terminalia 56-59
rotation, obligatory 56
rottensis (Statz) (Ornithomya) 127 4
rotundicornis Loew (Sapromyza) 959, 962
RPt, RP2, RP3, RP429
Rs 29, J0
Rs1, Rs2, Rs3, Rsa 29
rubens Coquillett (Eucessia) 599
rubicundus Adams (Chlorops) 1062
rubida (Bigot) (Myopa) 752
rubida (Coquillett) (Metadioctria) 564
rubiensis Lewis (Prosphyracephala) 789, 1436
rubiginosa Loew (Holorusia) I 57, 162
rubriceps (Macquart) (Chiromyza) 141 I

rubriceps (Macquart) (lnopus) 500,506, J07
rubricosa (Meigen) (Tricogena) I 189
rubriventris (Macquart) (Lampria) 566
rudimentis Alexander (Limnophila) 1 79
rudis (Fabricius) (Pollenia) 52
Rudolfia Roh6dek 999, 1000, 1 00 1
rufa Cresson (Automola) 834, 8J5, 8J6
ruflcauda (Wiedemann) (Mallophora) 553
ruficauda (Wulp) (Copecrypta) I 2 l 9, 1239
ruficornis (Bigot) (Pilimas) r'20
ruficrus Williston (Microdon) /40
rufilatera (Walker) (Monoclona) 2J0
rufipennis (Macquart) (Ptilodexia) 1245
rufipes (Macquart) (Eumetopiella) 800, 801
rufipes Meigen (Cordilura) 1088, 1092
rufiventris (Coquillett) (Eusenotainia) I l8l
rufiventris (Loew) (Cyclotelus) 515, 520
rufiventris (Meigen) (Tephrochlamys) 103. 976
rufi ventris Townsend (Rafaelia) I 178
rufopicta (Bigot) (Winthemia) I 201

I 569

rufula (Curran) (Acerocnema) /089
Ruppellia Wiedemann 518, l39l
ruralis (Fall6n) (Yoria) 1222. 1238
rustica (Ostcn Sacken) (Adoxomyia) /8.499
rutila (Sherman) (Hadroneura) 23J
rutila Van Duzee (Psilopiella) 628, 629,634,636,631
Rutiliini I 197

rutilioides (Jaennicke) (Paradejcania) 1211, I 216
rutilus (Coquillctt) (Toxorhynchites) 342, 313, 347
Ruttenia Rodhain I 150

Rymosia Winncrtz 233, 241

Sabethini 342,316
Sabroskya Schlinger 577
sabulosa Haliday (Anthomyza) 888
Sacandaga Alexander 1 7 3, 176
Sacatonia Sabrosky 1050, 1064
sackeni Edwards (Olbiogaster) J06
sackcni Fclt (Tritozyga) 269
sackenii (Williston) (Ncorhynchoccphalus) 58-5

Sackcnomyia Felt 290
sadales Walkcr (Laphria) 563
saddle (t-) 79
Sacthcria Jackson .138

sagittal plane 9

sagittaria (Say) (Physocephala) 75 |

sahlbergi (Bcckcr) (Pogonota) 1d9l
Saigusaia Vockeroth 226, 232,239
sailcri (Stone) (Metacnephia) 366, 386
salicifolia ( Felt) ( Itcomyia) 29 I

salinus Cresson (Pelignus) 1036, 1037
salivary canal l9
salivary duct I 2

salivary ducl (L) 70, 75

salmani Alexander (Trichocera) 303
Salpingogastcr Schiner 720, 7 27, 7 35
Saltella Robineau-Desvoidy 916, 917, 918, | 154
Saltcllini 946, 1453
Salticella Robincau-Dcsvoidy I 452
Salticellinae 1452, | 453
salvum (Aldrich) (Mecynocorpus) 1168, 1170
Samenspritze 54
sanctaecatharinac Thompson (Lygistorrhina) 225. 229, 236
sanguineum Knab (Simulium) 360
sapphirina (Osten Sacken) (Uranotaenia) 93, 343, 317
Sapromyia Roback 1169
Sapromyza Fall6n 953, 954,959,962,963, 1146
Sapromyza Falltn963
Sapromyzidae 1445, 1483
sarcinata (Loew) (Peronyma) 825
sarcobati (Fclt) (Halodiplosis) 286
sarcobati (Felt) (Protaplonyx) 279
Sarcodcxia Torvnscnd 1169, I 17 I
Sarcodexiini I l6l, ll69
Sarcofahrtia Parker 1181, 1 /84
Sarcofahrtiopsis Hall I 166, 1 175, l 176. ll78
Sarcophaga Meigen 117,953. 1 162

Sarcophagidac 3,28,35,38,54,55,86, 104, I 17, l2l, 142.144,953,
1135, 1 136, 1152, 1159. u84, |81, I tu9, il95 97, 1200, 1192,
1199 1501, r504

sarcophagina (Coquillett) (Phalacrophyto) 1247

Sarcophaginae 104, I 159 62, 1163, I 164, | 165, I 166, I 167. I 170,
t 171, r 172, I175, r 176. I 177, |99, t500

Sarcophagini I 162, 1168
Sarcophagula Wulp 1 /65, I I 7 5, ll18
Sarcophagulinr I I 62
Sarcotachinclla Townsend I 169
Sarginae 505, 510, 1.100, 1403, l4l l-13
Sargus Fabricius J02.505, 506,507,510, I408, 1409, l4l6
Saropogon Loew 550, 555,557, -tJ8, -t6J
Sarothromyia Brauer & Bergenstamm I 165,1178
Sarothromyiini I 162, 1178
sarraceniae (Riley) (Sarraccniomyia) I 168

1444 16,

1189,
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Sarraceniomf ia Townsend 1168 schmidti (Aldrich) (Liriomyza) 871

satanica (Bigot) (Penthosia) 1227,1259 schtnitzi group (Limo.;ina) lr000
satisfacta (West) (Billaea) 1223 Schocnomyza Halida;' l | 19.1125
sativae Blanchard (Liriomyza) 871 Scholastinae l44l
Saunderia Sublette 444 schrcibersi (Kuhl) (Miniopterus) 756
Savtshenkia Mannhcims 164 Schroederclla Enderlein 915.9'79
saxicola Osten Sacken (Antocha) 166 schulzi Gagn6 (Contarinia) 262.267.268, 274
saxicola Robinson (Enlinia) 627 Schunrannimyia Papp 963
sayi (Aldrich) (Ncuratclia) 2J1 Schummclia Edwards 16.l
sayi Felt (Epidiplosis) 287 Schwenkfeldina lrrcy 251,25,1
Sayomyia Coquillett 335,336, JJ7,338, JJ8.339 Sciadoccridae 695, 1112, 1416. 1418. 1422, 1479, 150,1

Sc 29, J0 Sciadophora McAlpinc 695, I4l 8

Sc1, Sc2 3 1 Sciapodinac 6).6, 921, 1390
Sc1, Scz; true 3l Sciapus Zeller 628.630,635. 637
scabellum33 Sciara Mcigen 94,217.)-50,251.252,253.254,1146.1352
scabiei (Hopkins) (Pnyxia) D.2,218,254 Sciaridae 2. 12.28. 44,68,12,82,83,85,94,96, 106. 121.122.126.
scabra (Ciglio-Tos) (Potamia) 11.20 211.247,1331. 1315. 1350 53, 1312.1409
scabrum (Aldrich) (Aphanotrigonun) 1053. 1057 Sciarinae 227
Scaeva Fabricius122,727 Sciaroidea 2,68,12-.11.19,228,1350 53. l37l
scalaris (Fabricius) (Fannia) I I 18, 1/2J scintillans (Loew) (Sciapus) 6J0
scalaris Loew (Notiphila) 1035 Sciochthis Malloch 840, 842
scales 33 Sciogriphoneura Malloch 92,1, 145 I

scape 16 Sciomyza Fall6n 928, 929,930,93'7
Scaptodrosophila Duda l0lT Sciornyzidae 3. 14, 16, 28. 35, 55, 75, 80. I0l. 105, l0ll. l 15, 138,

Scaptomyza Hardy 143, 1012, l0l7 139,897,922,927,966, 1445, l4,tlJ. 1449, l45l 53. 1504
scapularis (Locw) (Neoplasla) 97,61 3 Stiontl;zidae 1452
Scatella Robineau-Desvoidy 1045 Sciom.v-zides 1449. 1152
Scathophaga Meigen 142,108J,1086, 1087.108E. 10E9.1090.1091. Sciorr1zinae929. 14,16.1452

1092,1095 Sciourlzini 927.918.929.931
Scathophagidae 3, 37, 86, 105, 142. 114. 1085. I 100. 1.119. 148't. Sciomlzoidca l. l.+19. 1113. 1444. l:145. 1,1,t6. 1.149 -i,t. 1180. 1501,

1492, 1196 98, l 501 r 505
Scathophaginac 1086, 1087 Sciomlzoinca 1,150

Scatophagides I 48 1 Scionini 165. 16'l
Scatophila Becker 1029, 1040,1045 Sciophila Mcigen 2Jl, 238
scatophora (Perris) (Epicypta) 234 Stiophilidoe 227
Scatopsciara Edwards 254 Sciophilinae 83,224, 226.227,228,236, I35l
Scatopse Gcoffroy 313,315,316,317,318, 1357 Sciophilini 228
Scatopsidae 2,33,35,'73,71,79,80,82, iJ3,85,91.96, 126.313, Scipopeza Enderlcin 771.776,1133

321,1335,1336,1342,1350,1352 54,1356 58,1372, I409, l4l0 scirpivoraSpencer(Ccrodontha)823
Scatopsidea 1336 scissa Mclander (Drapctis) 61l
Scatopsinae 3 I 3, 3 I 6, 317, I 353 Scleropogon Locw 559, J6J
Scatopsini 316,317 Scieroprocta Edwards 176. 183

Scatopsoidea 2, 1339, I 350, I 37 I scolex (Reinhard) (Hl"phanLrophaga) I 207
Scellus Loew 626,633 Scoliaphlcps Becker /089.1090, l09l
Sceloml,za S6guy 882, 146l Scolioccntra Loer 975.979
Scenopinidae 2,31,44,58,65 67,71,19,80.83, E5,95, 100, 129. Stopeunrtt illeigert lr090

514,525, 1348, 1375. 1379, 1383 87, 1399. 1409, 1413, l,+14. l.+17 scopula Towncs (Xenochironornus) 4Jl)
Scenopinus Latreille 18,19,95, 525,526, 527, 528 scordala (Reinhard) (M.vstacomyia) 1211, 1234
Scepsidinae 465 Scordalus Barncs l:1-5 I

Sceptonia Winnertz 234,245 scotlandac Crcsson (Lemnaphila) 10JJ. l04l
Schadonophasma Dyar & Shannon 338, 339 scraper, sound-producing 35
schaefferi (Coquillett) (Dicyphoma) J02. 505, 506.507 scuddcri Cockerell (Psiloccphala) 5ltl
Schildoml,ia Malloch 866 scutul .suture 25

Sohistoncurus Mamaev 213, 271 scutal suturc, truc 25
Schistopterinae 14,11 scutcllata Macquart (Palloptera) ii,12

Schizactia Townsend 1220 scutellata Malloch (Fergusonina) 1459
Schizella Bezzi 1379 scutcllum 23,24,25
Schizochroa Hennig 892, 1463,1464 Scutops Coquillett 897,898, 1465

Schizochroa Hennig 1163 scutoscutellar suturc 25
Schizohelea Kicllcr 409.410 scutunt 25

Schizometopa 1124 scuturn. truc 23, 24,25. ).1

Schizomctopa 1425 Sc1'thropochroa Enderlein 254
Schizomyia Kicffer 280 seamansi Shcwcll (Neoalticomcrus) 861,866.862, 11-58

Schizophora 3, 11, 15,32,33,31,43,51.53,55,59,7.5,76, lll. U5. secabile (Walker) (Blcpharepium) 557
86, 89, 90, 96, 101, 750, I 152, 1399, 1400, l,+02 05, l4l0 12, setond (2nd) busol cell 32
1411 16,1418 20, 1422,1424,1425, 1428, 1429, 1136 38. 1443. second axillary platc 28
1446,1452,1462,1464,1471,1483,1487,1492,1198,1502,1504. sccondtarsomerc36
1505 setond ventral pro(tigerol sclerite 55

Sthizophora 1421 secondary veinlet 3I
Schizostomyia Malloch 182,966,1449, 1462, 1468 settorttl branch, wing vetns 29
Schizotachina Walker I 220 sectoral crossvein 32
schlingeri Kelsey (Brevitrichia) 527 securicornis Fall6n (Phyllomyz.a,) 906
Schlingeria lrwin 517,522 segment ll, fernale 44
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segment I l, male 45
segmentation of head 9
segmentation, primary 10, / 1

segmentation, secondary 10, 11
Seioptera Kirby 801, 805
Selcchops Wahlberg 1459
selecta (Meigen) (Bessa) ll99
Selfia Khalaf 405, 4 I 5, 4 1 8

semilutea (Loew) (Paratissa) /0Jl, 1033
seminal duct 53

scmiothisae (Brooks) (Campylochacta) I 229
semivirens (Kieffer) (Synorthocladius) 447
semivitta Malloch (Allognota) I 122, 1125
Semudobia Kieffer 291
senescens Scudder (Lonchaea) 795,954, 1146
senex Melander (Heterotropus) 598
Senoprosopis Macquart 555
Senopterina Macquart 810, 8/ /
Senotainia Macquart ll8l
se ns i I I u m t r ic hod ium 3'7

sensillum, sensilla 33
sensoria I 6

scnsory area 20
sensory organ, labral (L) 76
sensory papilla, antennal (L) 74
sensory papilla, maxillary (L) 74
sensory pit 20
scnsory setula 35

sensory setula, abdominal 37
sensory vesicle 20
Scpcdomerus Steyskal 921, 931, 938
Sepedon Latreillc 35, 101, 108, 1 39, 927, 928, 929, 930,931, 9JJ,

934,935,936,938
Sepsidae 3,35,38,55, 113, ll4, l4l, 143,945, 1050, 14,t4. 1449,

r 153, l 454, I 504
Sepsideae 1453
Sepsidimorpha Frey 950
Sepsid6es I453
Sepsinae 946,1453
Sepsini 946, 1453,1454
Sepsis Fall6n I I 3, 14 I, 945, 949, 950
Sepsisoma Johnson I 08, 835, 837
septemtrionis Osten Sacken (Erioptera) 177
septentrionalis Sehgal (Liriomyza) 87 3
septentrionalis Townsend (Cordyligaster) 122t9

sequax (Garrett) (Hesperociiamesa) 437
scquoiarum (Alexandcr) (Dioptopsis) 195
Sequoiomyia Mcjhn 282
sereri Massalongo (Bibio) 219
Seri Kessel & Kessel 683,684
seriata (Aldrich) (Chaetovoria) 1 222, 1251
seriata (Loew) (lcterica) 823
sericata (Meigen) (Phaenicia) 34,1138, I 142. I 143
Sericomyia Meigen 729, 738
Sericomyiini 717
scrpentina Osten Sackcn (Dipalta) 595
serrata (Linnaeus) (Heleomyza) 97J
serrata (Malloch) (Poecilolycia) 959, 960
serrate I 6

Serratipula Alexander 164, 178
Serromyia Meigen 410, 41l
serta Roback (Parapelopia) 43,1
serva (Walker) (Opsodexia) I I 37, 1 I 39, I l4l, I 112
Servaisia Robineau-Desvoidy I 161, l1'73, I 176, I 181
Servaisiina 1 I 62
seta, selac 10
Setacera Cresson 1029, 1037,1043
setal pattcrn (L) 80
setaluna McAlpine (Neopiophila) 50, 5l, 845, 846, 848, 849.852
setavena Saether (Pseudosmittia) 454
Setellia Robineau-Desvoidy 834
Setellida Hendel 833, 83.1
seticosta (Spuler) (Thoracochaela) 994

157 I

setilacies (Wcst) (Lypha) /24J
sctiform 36
setigcra (Cole) (Coleomyia) 107, 560
sctigera (Coquillctt) (Hineomyia) 126 I

setinervis (Coquillett) (Thelairodoria) 122.1

sctipalpis Sabrosky (Phlebosotera) 90l
setipcs (Coquillett) (Gueriniopsis) l22l
Setisquamalonchaea Morge 796, 1439
Sctitipula Alexander 162
setosa (Coquillctt) (Hoplodictya) 9J6
setosa (Coquillett) (Neophyto) I 165. I 175
sctosa (Torvnsend) (Kirbya) 12l9
setosa Aldrich (Johnsonia) /1/5
sctosa Coquillett (Brachicoma) I 179. 1 184
setosa Fclt (Ledomfia) 268,277
setula l0
setulosa (Locw) (Bezzia) 406. 4 I 3, 4 I 6

sex comb 36
sexfasciata (Say) (Laphystia) 556
sexsetosa Duda (MeropJiosepsis) 949
seychellensis Hardy (Xenasteia) 1466
Shannonomyia Alexandcr 158, 170, 17t
sheldoni (Coquillctt) (Oppiopsis) I 165. l118
shcrmani (Garrett) (Garrcttclla) 23 l. 239
shewelli Sabrosky (Phlebosotera) 90l
shcwelli Steyskal (Boreothrinax) 815
Shewellia Hcnnig 866, 1.158

Shewellomyia Peterson 37 1.376, 378
sialia Shannon & Dobroscky (Protocalliphora) /143
sialia Shannon (Cheilosia) 224
siberita (Fabricius) (Proscna) 1248
Sicus Scopoli 7-5 I

side-piece 45
sierricola (Townsend) (Caediopsis) /204
Sigaloessa l-oew 899, 90 I , 902, I 466 68
Sigalocssinae 1468
sigilla (Reinhard) (Tolucarnyia) //6J, ll68
signata (AJdrich & Wcbbcr) (Acantholespesie) l2ll
signatipennis (Cole) (Ozodiceroml-a) 516
signatus (Locw) (Pseudogaurax) 1059
signatus (Zetterstedt) (Tcuchophorus) 636, 631
signilcr (Walker) (Epalpus) 1243, 1216
signifera (Coquillctt) (Orthopodomyia) 344
signifera (Wulp) (Oestrophasia) I 24 2

sila (Reinhard) (Neosolieria) l26l
Silba Macquart 195,796, 1139
silvcstrc Mamaev & Krivosheina (Synncuron) 322,324
Silvestrina Kicffcr 283
silvestris (Fall6n) (Paraprosalpia) I 105, I 107
silvestris (Robineau-Desvoidy) (Parasctigcne.) 122.1. I 25rt
Silvius Mcige n 465,467,468. 469, 110, 414 16
similis (Beekey) (Rhexoza) 316
similis (Cresson) (Homalocephala) 800
similis (Townscnd) (Leskia) 12J0
similis (Townsend) (Plagiomima) | 232
similis Macquart (Tabanus) 477
simplex (Fallen) (Lcucostoma) 1243, 1252
simplex (Loew) (Allotrichoma) 1OJZ

simpJex Aldrich (Sarothromyia) /165
sirnplex Cockcrcll (Eothereva) 5 I 8

simplex Loew (Lcucopis) 112,970
simplicipes (Becker) (Plcurochactclla) I 092, 1094
simulans (Johannsen) (Psectrocladius) 4J2
simulans Townes (PoJypedilum) 431" 432
Simuliidae 2, 12, 15. I 6, I 8, 20, 25-21. 33.44, 53, 56. 70, 77, 8 I -83,

93,94, r06, 127,355,608,609, 1334, 1335, 1340 42.1347, 134n,
1350, 1359, t360, r362, r363-66, 1372, 14r0, I4ll

Simuliinae 362
Simulium Latrcillc 357'-60. 361,362, 363, 365, 369,3'70, 37 l, 372,

375, 316, 377, 378, J79, 380,381, J82, J8J, 381, 385, 386, 387,
388, l 360

singula Spencer (Liriomyza) tlTti
singularis (Aldrich) (Spirobolomyra) 1 //7



| 512

singularis (Condylostylus) I 3tl4
singularis (Hilarimorpha) I 384
sinipalpis (Allen) (Allcnanicia) /180
Sinophthalmus Coquillett 1016, I 487
Sinotipula Alexander 164
Sintoria Hull 554, 563,569
sinuata (Meigen) (Sarcotachinella) I 169
sinuata (Townsend) (Microchaetina) I 24 I
sipho (Say) (Condylostylus) 20,21
Siphoclytia Townsend 1264
Sipholeskia Townsend 1264
Siphona Meigen I 194, I I98, I 232.1236, lZ39
Siphonellopsidae I 504
Siphonclla Macquart 1 054, 1058
Siphonellopsinae 1050, 1051, 1478
Siphonini 1201

S i p hop hyto Tow ns e nd 1 264
Siphosturmia Coquillett l2l5
Siphunculina Rondani 1052, 1 056
Sisyropa Brauer & Bergenstamm 1212, I 243
Sitodiplosis Kieffer 289
sivinskii Marshall (Ceroptera) 1000, l00l
skinneri Coquillett (Trochilodes) /229
slossonae (Johnson) (Brachycara) 499
slossonae (Johnson) (Rhaphium) 6 36, 637
slossonae Coquillett (Lipochaeta) 1 034. 1039
slossonae Felt (Catocha) 260,269
slossonae Van Duzee (Keirosoma) 633
smaragdi (Walker) (Lamprolonchaea) 792. 795, 796. 1 406
smithi (Lewis) (Mallochohelea) 406
smithi Sabrosky (Ocnaea) 576,578, 58l
smithii (Coquillett) (Wyeomyia) 344, 317
Smittia Holmgren 127, 428, 4 29, 445, 448. 454
Snyderia James 1090
Sobarocephala Czerny 855, 857
sociabilis Osten Sacken (Limonia) 168

solenopsidis Brues (Commoptera) I 23, 698, 707, 7 l0
solicita (Harris) (Elgiva) 928, 935, 936
solidaginis Osten Sacken (Lasioptera) 41. 277, 278
Solieria Robineau- Desvoidy 1264
Solntsevia Ma maev 267 , 212
Solomomyia Nagatomi I 379
soluta (Loew) (Anapausis) J14
Solva Walker 494, 494, 495, 1311, I 378, I 409
Somatia Schiner 898, 1434
Somatiidae 25, 1433, 1434, 1480, 1504
Somatiosoma 987
Somula Macquafi 725,737
sonchi Robineau-Desvoidy (Ensina) 826
sonorensis Wirth & Ratanaworabhan (Paryphoconus) 4lu
sordida (Wiedemann) (Neogriphoncura) 951, 956, 960, 961
sorghicola Coquillett (Contarinia) l35l
soror (Williston) (Bombyliomyia) 1202, 1245
Spallanzania Robineau-Desvoidy 1203, I 208
Spania Meigen 484,485,486, 1379
Spaniocelyphus Hendel 1447
Spaniopsis White 1379, l38l
Spanoparea Czerny 97 5, 979
Sparnopolius Loew 594, 596, 598
sparsipilosum Back (Dicolonus) 549
Spathidexia Townsend I 252, 1265
S pat h i n e i geni a Townsend | 224
spatu la sternale ( L)'l9
spatulata (Aldrich) (Stenaulacotheca) I 177
spatulatus Marshall (Aptilotus) 999, 1003
Spatulina Szilddy I 379
Spaziphora Rondani 1095
Speccafrons Sabrosky 10JJ, 1058
speciosa (Lopes) (Speciosia) 1174, I 176
Speciosia Roback 1174, I I 76
spcctabilis (Loew) (Chrysotus) 628, 629
spectabilis (Townes) (Cladopelma) 439
spectabilis Loew (Euthychaeta) 1490

INDEX

spectabilis Loew (Cyrnnoptcrnus) 630
speiserianum Muir (Ascodiptcron) 1295
Spelobia Spuler 994, 997,999.1000, 1001, 1003

spenccri Alexander (Cramptonornyia) 9l, 2 I 3. 2l 5.216
Speolepta Edwards 226, 210
spcrm duct 53.54
sperm pump 53, 54
sperm sac 54
spcrmatheca, spermathccae 38, 53

spermathccae, number of 38

spermathecal duct 38
spermathecal opening 38, 44. 53

spermathecal opcning. female 54

spcrmatophore 53, 54
spermatozoon, spermatozoa 3 8

speyeri (Barnes) (Mycophila) 261, 265
Sphaerina Wulp 1225
Sphaerocera Latreille I I 3,993,996,997,998, 1002,1004
Sphaeroceridac 3. 14,36, 37, 103, 109, I 10, 113,124.114,145,147,

917, 987, 993, 14't2. 1480, 1483, 1484, 1486, 1504

Sphaeroccrides 1480, 1483
Sphaerocerinac 991, 995, 1484

Sphaeroceroidea 3, 1429, 1443, I 479, 1479 87, I492, 1504, I 505

Sphaeroceroidea 1450
Sphaeromias Kiefler 40l, 410. 413
Sphaerorniini 410
Sphaerophoria Lepeletier & Serville 715,722
Sphccomyia Latreillc 736
Sphecomyiclla Hendel /J1, 8 I 3, 814, 8/5
Sphcgina Meigen 715, 725, 728, 732, 7 33

sphenofrons Reinhard (Asscclamyia) I 205, 1214
Sphenometopa Torvnsend I 180, ll82
Sphixapata Rondani I 179, llSl
Sphirimorpha Rondani 723
sphondylii (Schrank) (Saltella) 916, 947, 948, 1453
Sphyracephala Say / 12, 785, 787, 788, 789
Spilochaetosoma Smith I 227, 126l
Spilochroa Willisron 98 2, 983, 1 482
Spilogona Schnabl I I 18, 1/2J. 1124, 1125, 1130
Spilomyia Meigen 732
spilota (Curtis) (llythca) 1034, 1040
spinicornis ( Loew) ( Hoplodictya) 9 3 5. 9 36

spinicosta ( Malloch) (Cremersia) 697 , 700, 709
spinidens (Malloch) (Botanophila) 103, I 105, I I l0
spinifera (Leach) (OIlersia) 1 3 1, 1 278
Spinilimosina Rohridck 1003
spinimanum (Fall6n) (Norellisoma) 1091, 1093
spinipennis (Haliday) (Halidayina) 996
spinipennis (Meigen) (Triarthria) 1198, 123I , 125'7

spinipes (Coquillett) (Anevrina) 693, 697, 699
spinipes americana Stcyskal (Sepedon) 928

Spiniphora Malloch 14, I 37. 696, 699. 700, 709
spinnatis Saether (Hydrobaenus) 4J0
spinosa (Coquillett) (Chaetonopsis) /238, 1265

spinosa Mcunier (Palaeotanypeza) 1.135

spinosa Townsend (Euceromasia) I 2 3 2

spinulosa (Malloch) (Spiniphora) 699, 700
spinus 53

spiracle l0
spiracle, abdominal 37

spiracle, abdominal (L) 83
spiracle, anterior (L) 83, 86. 125

spiraclc, anterior thoracic 23, 27

spi rac le, mesot horacic 23

spiracle, mesothoracic (L) 83

spiracle, metathoracic 23, 28, 83

spiracle, posterior I 25

spiracle, postcrior (L) 79, 83, 85, 86
spiracle, posterior thoracic 23, 26, 28

spiracle, posterior thoracic (L) 83
s pi rac le, prot horocic 23

spiracle, prothorocic (L) 83

spiracle, prothoracic; true 23
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spiracles (L) 82-86
spiracles, number of (L) 82
spiracles, number of abdominal 37
spiracles, structures of (L) 83-86
spiracular atrium (L) 86
spiracular disc (L) 79. 83
spiracular feld (L) 83
spiracular filament (L) 83
spiracular gland (L) 85
spiracular hair (L) 85
spiracular opening (L) 83, 85, 86
spiracular papilla (L) 86
spiracular plate (L) 85, 86
spiracular stalk (L) 86
spiracular systems (L) 82, 83
spiracular types I lll 83, 85
Spiriverpa lrwin & Lyneborg 520,521,522
Spirobolomyia Townsend 1113, I 177
splendens Brunetri (Thyllis) 577
Spoggosia Rondani l22l
spur, tibial 35
spurca Aldrich (LuIomyia) 976
spurious vein 33
spurius (Fall6n) (Chalars) 747
squalens (Zetterstedt) (Helina) / /2J
squama 29
squamosa Griinberg (Neocuterebra) I 150
squamula 29
squamula alaris 29
squamula thoracica 29
stackelbergi Krivosheina (Polypathomyia) 758
stackelbergi Mamaev (Mesaxymyia) 2l 2
Stackelbergomyia Rohdendorf I 502
S t ac ke I be r gomy iidae 1 502, | 504
slaegeri Lundbeck (Chironomus) 440
Staegeria Rondani /088, 1095
stagnalis (Haliday) (Clinocera) 6 2 2
stalk, of wing 28, 29
stamfordi (Johannsen) (Chaetocladius) 432
Stearibia Lioy 846,851
Stegana Meigen 44, l0l l, 1012, 101 3, 1016, 1489, 1490
Stcganinae 143, 1 44, 1 489, 1490
Steganolauxania Frey 957,958, 960
stegnus (Say) (Platycheirus) 719
Stegomyia Theobald 342, 345
Stenopogoninae 554
Stegopterna Enderlein 362, 363, 370, 386, -i82, 388
stejnegeri Aldrich (Coelopa) I I 3, 9 19, 92 I
Steleoneura Stein 1228, 125J
stem vein 29
stem, of halter 33
stemma, stemmata (L) 73
stemmatic bulla l2
Stempellina Bause 4 29, 444
Stenaulacotheca Townsend 1113, I 177
Stenerelma Loew 799,801, 802
stennomatum Wood (Masistylum) I 240
Stenochironomus Kieffer 443, 1341
Stenocinclis Scudder 555
Stenomicra Coquilleu 108,119,890, 892, 893, 1461.1463 65,
Stenomicridae 1465, 1504
stenommatum Wood (Masistylum) 121 5

Stenomyia Loew 806
Stenopa Loew 822,825
Stenophorina Borgmeier 707, 108
Stenopogon Loew 550, 552, 555, 559,560,561, J6J
Stenopterina Macquart 810
Stenopyrgota Malloch 814
Stenoscinis Malloch 1050, 1054,1055, 1056
Stenotabanus Llrz 465, 467, 469, 411, 412, 47 5
Stenoxenini 414
Stenoxenus Coquillett 406, 4 I 2, 4 I 5, 418
Stephomyia Tavares 280

I 573

stercoraria (Linnaeus) (Scathophaga) 1 42, 1085, 1081, 1092
stercorarius (Robineau-Desvoidy) (Mcroplius) 947, 949
sternal process 38
stcrnal spatula (L) 79
slern(tl valve 44
sternalis (Coquillett) (Nilea) 1237
sternite 9
sternite 10, female 44
sternite 10, male 45, 55
sternite 9 53

sternite 9, male 45
sternopleurite 27
sternopleuron 9, 26, 27

slernum 9, 23
Stevenia Robineau-Desvoidy I 188, 1 189

Sleveniopsis Townsend 1 220
Sthenopyga Aldrich 1178
Stichillus Enderlein 690, 69 3, 701
Stichopogon Loew 555, 5J8, 559, 565
Stichopogonini 549, 550
stictica (Loew) (Trypetisoma) 952
stictica Meigen (Erioptera) 178

stictica Wiedemann (Ropalomera) 942
sticticus (Meigen) (Aedes) J41
Stictochironomus Kieffer 42'7, 431, 443
Stictomyia Bigot 80.?, 805
stigma 3l
stigma (Giglio-Tos) (Dieuryncura) 498, 502, 504
stigmalis (Coquillctt) (lsohclea) 402
sIigmalaL bristle 23

stigmaterus Say (Dilophus) 2/9
stigmaticalis Becker (Chlorops) I 066
Stigmatomeria Tuomikoski 22 5, 241
Srilbometopa Coquilleu I 276, 1277, I 278
Stilobezzia Kicller 404, 410,41 I
Stilobezziini 405
Stilpon Loew 61 1,612
stimulans (Walkcr) (Aedes) 47, 343, 344
stipes 20
stipes (L) 72
Stiphrosoma Cz.erny I 462
Stizcstrebla Jobling 1297
Stomatomyia Brauer & Bergenstamm l22l
Stomatosema Kieffer 279
Stomatosematidi 275
Stomorhina Rondani I I 39, ll40
Stornosis Melander 905
Stomoxinae I 4l 3

Stomoxyinae lll6, l1l7
Stomoxys Gcollroy 20, 22,23, lllS
stonei Peterson (Parasimulium) 361,362, 363, 365
Stonemyia Brennan 4 1, 465, 466, 468, 469, 470
Stonyx Osten Sacken 600
straminea Loew (Opetiophora) 1051. 1056
Stratiomyidae 2, 14, 16,25,33.31.54, 66, 69 7 1,73,14, l1,'79,85,

95,99, 128, 184,493,494,497,1348, 1373, 1375 19, t382. 1383,
I 399. I 400, | 402 05, 1 408- I 8, 1422, 1445

Stratiomyiidae 95
Stratiomyinae 49lJ, 504, 505, 507, l4l I

Stratiomyini 506
Stratiomyoidea 2,32, 1375, 1399, 1402, 1408-.14, l4l1 19

Stratiomyomorpha 1312, 1313, 1376 79. 1382, l4l8
Stratiomys Geoflroy 34, 11, 497, 499, 502, 506, 509
Strauzia Robineau-Desvoidy 818, 820. 826
Strebla sensu Speiser 1297
Strcbla Wicdemann 1 297, 1298
Streblidae 3, l0l, I 17, 124, 131. 132, t214, 1289, 1293. 1291, 1415,

1492,1494 96, 1504
Streblinae 1294-97, 1298
Streblomorpha 1397
strepens Loew (Tipula) 180
striatifrons Malloch (Lonchaca) 36
striatus Painter (Lordotus) 594

| 46'7
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stridulation mechanism 35

stridulation organ, abdominal 37

stridulatory file 37
strigatus (Fall6n) (Eumerus) 722
striolata (Wiedemann) (Siphunculina) 1052, I 056
stripe 10
Strobliella Kieffer 260, 263
Strobliellini 263
Strongygaster Macquart I 198, 1201, I 227, 1260, 1265
Strongylophthalmyia Heller I 09, 777, 779, 182, 1433
Strongylophthalmyiidae 3, 109, I 19, 125, 114,7'77,7ti2, 1415, 1432,

1433, 1439, 1504
Stuckenbergiella Cogan 982, 1482
stump vein 32
Sturmia Robineau-Desvoidy I 2l 8

stygia (Bromley) (Orthogonis) JJ8, 570
stylata (Brauer & Bergenstamm) (Periscepsia) /226
style, cditorial 4

Stylogaster Macquart 749 51, 752, 753,'754, 755,756, I 198. 1436.
I 438

Stylogasterinae 149 51, 754, 756, 1438
Stylogasteridae 1 504
Stylospania Frey 1379
stylus l6
Styringomyia Loew 58

subalar knob 28

subalar ridge 28

subalar sclerite 28
subaliJbr 28

subalpina Ringdahl (Acrophaga) I | 36
subapical lobe, of gonocoxite 5l
subaptcrogyne Alexander (Dicranota) 178

subarcuata (Johnson) (Temnosira) I l7
subarcuata Borgmeier (Metopina) 693. 698. 708
subarcuata Johnson (Temnosira) 8212

subaterrimus (Malloch) (Mariocladius),155
subcallus l4
subcinerea Osten Sacken (Gonomyia) 173
subcosta 29
subcostal break 32
subcostal cell 32
subcostal sclerite 28, 29
su bcostal-radial crossvein 3l
subcranial cavity I 2, I 5

subepaulet 28

subfasciata Westwood (Acroccra) 5/8
subfascigera Alexander (Rhabdomastix) 154, 15J
subgena l5
subgena, subgenae 10, l5
subgenal bridge (L) 68
subgenal margin (L) 66,70
subgenal suture l5
subgenital plate 44
sublateral line 9

submentum (L) 68
submissa (Aldrich & Webber) (Meigenia) 1224, I2l5
subnudus Sturtevant & Wheeler (Pelignellus) /0J4, 1038, 1039
subobsoleta (Alexander) (Catotricha) 260
subopaca Loew (Ephydra) 1042
subparallelus (Malloch) (Clinocladius) 447
subpellucens (Zetterstedt) (Fannia) 1 /19
subpura (Johnson) (Tephritis) I 02, 821
subscutellum 25
subsimilis Bellardi (Tabanus) 477
subvibrissal seta 15
subvibrissal setula 15
subvittatum (Loew) (Cetema) 1061
Succinasteia Hennig 900, 1461, 1468
succinea Hennig (Prophilopota) 582
succini (Hennig) (Cypselosomatites) 1430
succini (Loew) (Prosphyracephala) 789, 1436
succini Hennig (Chamaelauxania) 1 446
succini Hennig (Cypselosomatites) 760

succini ['lennig (Electrochyliza) 182, 1 434
succini Hennig (Electrophortica) 1012, 1490

succini Hcnnig (Prosalticella) 1452

succini Hennig (Protocamilla) 1025. l'{88
suctjon disc (L) 80,82
sugcns ([-oew) (tmitom.via) 1229, 1260
Suillia Robineau-Desvoidy I 08, 914. 975, 976, 977
Suilliinae 975
sulcifrons Macquart (Tabanus) 18, I 18,119.467
sulphurea Loew (Phthiria) 594, 597
sulphurella Osten Sacken (Gonomyia) /23
sulphuripes (Loew) (Turbopsebius) 577, 528
superba (Locw) (Toxoneura) 839, 841,842
superba Loew (Palloptera) 1/2
superior orbitul seta 14

superior orbital setula l4
supernumerarv radial crossvcin 32

supra-alar arca 25
supra-alar depression 25

supra-alar ridgc 25
supraccrvical setula 16
suprasquamal ridge 25

supravibrissal seta l5
Suragina Walker 479, 480.181,482, 484, l3El
surstylar lobe 55

surstylus, inncr 55

surstylus, outer 55
surstylus, sursryli 215, 54. 55

suture, acrostichal 25

suturc, adventitious 37
suturc, anapleu ral 26, 2l
s u t u re, a rte pi nte ral 26

suture. anlccostal l0
suture, clypcolabral I 8. 19

suture, clypeolabral (L) 70

suture, coronul (L) 66
sLrture, epicranial (Ll 66
suture, epistomal l4
suture, Jrontal (L) 66
suture, frontoclypeal 14, l5
suture, frontoclypeal (L) 66
suture, frontogcnal l5
suture, lateral parapsidal 25

suturc, median scutal 25
suture, mctapleural 28

suture, parapsidal 25

'ulure. nleural 2J. 26. 18. 35

suturc, posterolateral scutal 25

suturc, postoccipital 12, l6
.ruture, postoc(ipital ( L) 66

suturc, prescutal 24, 25

sut ure, presculoscutal 24

suture, propleural 23
suture, scutal 25

suturc, scutoscutcllar 25
suture, subgenal 15
sulure, transcutal 25

suturc, transepimeral 26, 28

suturc, transversc 25, 2l
suture, true scutal 25

suture, true transcutal 25

Svarciella RohlCek 1004

Swarrmerdamella Enderlein 311, 316,317, 318
Swammerdamcllini 3 16, 317
sycophantor (Melandcr) (Microphorus) 616

Sycoracinae 295, 291 , 298
Sl,corax Haliday 295. 298
Syllegornydas Becker -5J6, 537

Syllegomydinae 537
sylvatica (Mcigen) (Tomosvaryclla) 247

Sylvicola Harris 20, 21. 58, 67, 17, 91, 305, 306, 301. J08, 309, 310,
3ll,1357.1366

Sylvicolidae 310

INDEX
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sylvosus (Williston) (Gyroconops) 754
Symballophthalmus Becker 610
Symbiocladius Kieffer 445, 452
Symmerus Walker 54, 227, 229,235, 244
Symmetricella Kessel 683, 685, 686
Symmictus Loew 586
Symphoromyia Frauenfeld I 1, 18, 483, 484, 485, 486, 487. 1319
Symphyta 1337,1346
Symplecta Meigen 177, 178, 185
Sympotthastia Pagast 437
Sympycnidelphus Robinson 634
Sympycnus Loew 627, 634
Synapha Meigen 224, 225, 232, 234,239,240
Synchysa Vockeroth 1096
Syndocosia Speiser 224
Syndyas Loew 6 1 3, 621
Syneches Walker 609, 6 1 3, 621
Syneura Brues 69 2, 698, 7 02, 704, 708
Syngamoptera 1498
Synneuridae 2, 12, 54,55, 65, 79, 82, 83, 94, 96, I 06, 125, 321, 1312,

1350 54, 1357, 1358, 1417
Synneuron Lundstrom 82, 94, 106, 321, 323,324, 1354, 1358
Synneuronidae I 336
Synorthocladius 447
Syntemna Winnertz 2 30, 237
syntergite I + 23'7
syntergosternite 38
Synthesiomyia Brauer & Bergenstamm I I 22, ll24
Synthyridomyia Saunders 403, 4 1 5
Syntormon Loew 18, 628, 629,633, 635, 637. 14t2
Syringogaster Cresson 1435
Syringogastridae 1432-36, I 450, 1 504
Syritta Lepeletier & Serville 7 11, I 18, 7 33, 734
S yri ttomyia H end e I | 435
Syrphidae 2, 14, 15, 28, 32, 33, 35, 36, 41,15, 49, 54, 55, 59, 14, i6,

77,19 81,85,86,98, 100, I I 1, 132, 133, 713.746,750,966, 1201,
1402 04, r409, l4l t, t412,1415, r417, 1422, 1424,1429, 1504

Syrphinae 7 6, 7 | 5-l'1, 1 18
Syrphini 7 I 8

Syrphoidea 2, 16,33,51, 53, 1406, 1422, 1424, I436, 1504, | 505
Syrphus Fabricius 49,76, I I 1, I 33, 7 I 3,120, 730, 739, 740, t4t6
Systenus Loew 130, 621, 628, 629, 631, 635, 631
Systoechus Loew J91, 593
Systropinae 593
Systropodidae I 384
Systropus Wiedemann 592,593, 597

Tabanidae 2, 12, l4 16, 20, 25, 29, 37, 44,15, 56, 66, 69 12, 14, 76.
77,79-83,85, 86, 95, 99, 107, 1 19, 130, 460, 463, 480, 481, 550,
I 161, I 198, 1373,1376,1379 84,1399, r400, t402, 1403, 1408,
t4t2-16, 14t8

Tabaninae 464, 465, 1 41 5

Tabanini 465,411
Tabanoidea 2, 20, 44, 45, 53, 72,480, 1379, 1399, 1407, I408, l4l l-

13, t415, t411,1419
Tabanomorpha 2, 12, 14, 32, 36, 41, 12, 532, 549, 553, 554, l3iZ,

1373, 1376, 1379, I 380, I 38 l, I 382, I 397
Tabanus Linnaeus 10, 18,30,31,69, 86, I 18,119,465, 1402, 1116,

466, 467, 469, 472, 47 3, 47 5, 417, 1 198
tabeti Hall (Paradiplocampta) 600
Tabuda Walker 519
Tabudamima Irwin & Lyneborg 520
Tachina Meigen 119J, 1231,1244
Tachinidae 3, 15,25,28,37,38,54,56, 104, 105, 132, 134, 136,

I 135, l 152, I 162, 1 187 89, 1193, 1399, 1403, 1424, t492,1498.
1499,1501,1502,1504

Tachininae 1 189, l l94-98, 1200. 1201, 1221, 1507
Tachinini 1 194, 1 195, l l99
Tachinisca KerIlsz | 442
Tachiniscidae 1438 41, 1504
Tachiniscidia Malloch 1441 , 1442
Tachinoidea 1498
tachinomoides (Townsend) (Chetogena) 1209

1 575

Tachinomyia Townsend 1221
Tachydromia Meigen 610, 6/1
Tachydrorniinae 58, 608, 609, 610, 6l I. 1388
Tachyempis Melander 610
Tachypeza Meigen 610, 6/1
Tachytrechus Haliday 628, 629, 632. 635, 637
Taeniaptera Macquart 7 6 2. 7 64, 7 65, 7 66, 1 67
Taeniapteridoe 763. I 504
Taeniapterinae l 6 l, 7 65, 1 432
taeniata (Bellardi) (Olbiogastcr) J08
taeniatifrons (Enderlein) (Ectemnia) 36l
Tanaodiplosis Cagn6 281
Tanyderidae 2. 16,20.28, 29, 31, 32. 38, 53, 66, 70, 81, 83, 91, 92,

121, 149, 2Il, t334, 1336, r339 42. 1344, 1348, 1349, 1353, 1358,
1359, 1360, 1363, 1364 66, 1371, 1399, 1413, l4l4

Tanyderoidea 2

Tanyderus Philippi 20
Tanypeza Fall6n 86, I I I, 144, 77 3, 774, 776. 1433
Tanypczidac 3, 35,86, I I 1. 1 14, 144.773,719,788,1428,1432,

1433,1438,1439,1504
Tanypezina 1433
Tanypezoidea 1432, 1480
Tanypodinae 70, 124 26. 427, 433, 455, I 365
Tanypodini 433
Tanyptera Latrerlle 159, 182

Tanypus Mcigcn ,126, 433
tanypus Loew (Phthinia) 231
Tanytarsini 425, 426, 437
Tanytarsus Wulp 426, 432,441,444
Tapeigaster Macquart 1481, 1482
Tapeigastrini 1482
Taracticus Loew 554, 555, 557, J58, 565
tarandi (Linnaeus) (Hypoderma) 1 149, 1 150, 1 156. l l57
Tarassus Aldrich I 195, 1200
Tarnania Tuomikoski 241, 242
tarnanii (Dziedzicki) (Tarnania) 241. 242
tlrsal segment 35

tarsalis (Coquillctt) (Phytomyprera) I 240
tarsalis Coquillett (Culex) J4J
tarsalis Fabricius (Desmometopa) 904
tarsatus (Zetterstedt) (Parasyrphus) Z3J
Tarsohomoneura Hendcl 954, 96 I , 963
tarsomere 35
tarsus, tarsi 35
Tasiocera Skusc 154, 158, 175, 183
Taxigramma Perris 1 178, 1182, I 183

taxodii (Felt) (Scquoiomyia) 282
Taxodiomyia Gagn6 27 3, 282
teevani annulipes Curran (Richardia) 8J5
tegmen 45
tegula 28
Telmatogeton Schiner 58, 455
Tclmatogctoninae 424 21,433, 455, 456
Telmatoscopus Eaton 298, 299
Telmaturgus Mik 633
Telomerina Rohldek I 00 l, 1 002, 1003
Telopclopia Roback 434
Teloslylinae 770,1432
Tclostylinus Enderlein 770
Tclothyria Wulp 1399
Temnosira E.nderlein 111 , 842
Temnostoma Lepeletier & Scrville 116,134
tenaculum, tenacula 295
tenax (Linnacus) (Eristalis) 98, I 3 3. 7 28. 7 3 3. 7 40, 7 41

Tendipedidae 426
Tendipes Meigen 426
tenella (Zetterstedt) (Coelosia) 23l
tcnera (Wicdcmann) (Genea) /2J4
tcnncssa Alcxandcr (Elliptera) 166
tenta Hall (Chrysagria) ll63
tcntatrix Loew (Euthera) 1230, 1242
tenthrcdinoidcs (Wulp) (Xylomira) 48
Tenthredomyia Shannon 729



t5'76

tentorial arm 12
tentorial arm (L) 66,67,68
tentorial arm, anterior (L) 68, 75

tentorial arm, dorsal (L) 68
tentorial arm, posterior (L) 68
tentorial bridge l2
tcntorial phragma, phragmata (L) 68,75,76
tentorial pit 12, 68
tentorial pit, anterior 15

tenlorial pit, anterior (L) 68
tentorial pit, posterior l6
tentorial pit, posterior (L) 66,68
tentorium (L) 68,75
tentorium, tentoria 12
tentoropharyngeal sclerite (L) 75
Tenuia Malloch 758, 760
tenuicornis Cresson (Sepedon) 93 5, 936
tenuipes (Osten Sacken) (Dicranota) 166
tenuipes (Walker) (Blepharicera) 91, 195, 196
Tephritidae 3, 14,28,33,37,55,86,90, i0l. 102. IOlJ, I 14. 1,14. 1,16.

801, 810, 814, 817, 1413, 1437-45, 1504
Tephritinae 821, l44l
Tephritis Latreille 102, 8 17, 824, 829
Tephritoidea 3, 44, 45. 53-55, 814, 1425, 1429, 1437, 1437 -39, 1141,

1442, 1462, 1411, 1481, 1492, 1 504, 1 505
Tephritoinea 1425, 1437, 1469, 1485
Tephrochlamys Loew 10J, 97 5, 976, 918
Tephromyiini I 162
Teratomyza Malloch 1465
Teratomyzidae 898, 1154, 1456.1162,1463, 1465, 1466, 150'+

Teratoptera Malloch 1465
Terelliinae l44l
Teretrurini 8 I 4
tergal arm 51
tergal fissure 25
tergata (Coquillett) (Euaraba) I 180,1182
tergite 9
tergite 10, femal(r 44
tergite 10, male 45,54,55
tergite 9, male 45, 54, 55

tergum, terga 9
terminal proleg (L) 8l
terminalia 37

terminalia, female 38-45
terminalia, male 45-56
terminatus Cazier (Rhaphiomidas) 543, 547
Termitoxeniidae 1504
Termitoxeniinae 1391 , 1422
Termitoxenomorpha I 397
Terphis Erichson 577
terraenovae (Robineau-Desvoidy) (Protophormia) I 140

terraenovae Macqua,rt (Calliphora) 1 133,1 137, I 139

Terrilimosina Rohddek 1000
territans Walker (Culex) 344
terliaria Meunier (Palaeomyopa) 751, 1438
tertiariae Hennig (Acartophthalmites) lJ57, 861, 1157

lertiarius (von Heyden) (Chaoborus) 336
tessellata (Brooks) (Linnaemya) I 227
tessellata Fabricius (Empis) 608
testacea Mclander (Anticheta) 929, 935
testacea Melander (Micrempis) 97, 611
tcstaceae So6s (Sobarocephala) 857
testaceus (Loew) (Leptotarsus) 157
lestis, testes 54
testudinea (Loew) (Acrotaenia) 8 21, 829
Tetanocera Dum6ril 929, 930, 93 I, 932, 934, 936, 938
Tetanocerinae 929
Tetanocerini 921, 928, 929, 937
Tetanops Fall6n 144, 145, 800, 801, 804, 806, 808
Tethina Haliday 103, I 16, 1073, 1O11,1075, 1076, 1077, 1412, 1473
Tethinidae 3, 55, 103, ll5 17,122,125, 1073, 1080, 1450, 1461,

1468 70, t472-74, r476, r484, 1486, r487, r504
Tethinosoma Malloch 1075, 1473

INDEX

Tcthyrnyia Wirth 444
Tctragoncura Winncrtz 2 3 J. 240, 21 2

Tctragoneurini 228
Tetramcrinx Berg I 120,ll25
Tctraneuromyia Mamaev 268, 27 I ,272
Tetreuaresta Hendel 821, 829
Tetropismenus Loew 806, 808
Tetrura Bigot lzl l5
Teuchocncmis Osten Sacken 7 28, 734, 7 35, 738
Teuchogonomyia Alexander 175

Teucholabis Ostcn Sacken I 56, | 66, I 7 3 , l1 4, 187

Tcuchophorus Loew 63,1, 636,631
lcxana (Aldrich & Webber) (Acantholespesia) l2l l, 125J

texana (Reinhard) (Eucclatoria) 1255
tcxana (Williston) (Physocephalc') I 02, 7 52, 7 53

texana Cockerell (Hirmoneura) 588
texana Disney (MicroseJia) 696
tcxana Hall (Comasarcophaga) 1165, M0, I 177

tcxanus (Greene) (Myrmosicarius) 692, 697, 700,103, 705
Tcxara Walker 1435
Texasa Steyskal 805
Thalassomyia Schiner,155
Thalassosmittia Strenzke & Rcmmert 444
Thanategia Melander 612. 6l 3
thatuna Shannon (Psilota) 724
Thaumadiplosis Cagn6 287
Thaumalea Ruthc / Z, 93, 35 1 ,352, 353, J5J
Thaumaleidae 2, 12. 25, 37, 53, 81-83. 85, 89, 92, 93' 99' 127' 351'

r334 36, 1340. 1319. I354. 1359, 1360, 1363 66, 1399, l4l3
Thaumaleidea 1359
Thaumastoptera Mik 156, 158, 166,169, 187

Thaumatomyia Zenker 41,1050, 10JJ, 1059. 1061,1065
theca 20. 53

thccata (CoquilJett) (Leskiopsis) 1 235, 1264
theclarum (Scudder) (Aploml-a) l2l I

Thecodiplosis Kteffer 262, 286
Thecophora Rondani 1i1, 75 l, 752,154,755
Thecostomata 1 424, 1 125
Thelaira Robineau-Desvoidy 1263
Thelairini l20l
Thelairodoria Townsend 1224
Thelida Robineau-Desvoidy 975

Thelylepticocnema Torvnsend I 160, 1174
Thclymyia Brauer & Bergenstamm 1207

Themira Robineau-Desvoidy 946, 947, 948
Thcresia Robineau-Desvoidy 1248

Thereva Latreillc 85, 5/J, 5 I 8, 519, 521 ' 1387

Therevidae 2, 14, 65, 66, 61, 71. 11, 19, 80,ti3, 85' 89. 95' 100' 129'

513,525,532.544,550, 1375, 1379, 1382. 1384-86, 1391, 1399,

1402, 1403, 1409, 1413,1414,1411
Therevinae 517.518
theuris (Walker) (Cryptomeigenia) | 209
Thcvenemlir Bigor 504. 596
thicncmanni (Goetghebuer) (Mcsocricotopus) 445

Thienemr nniella K icfler 445
Thienemannimyia Fittkau 434, 4 35, 436
Thinodromia Melandcr 6 10

Thinophilus Wahlberg 633
Thinoscatella Mathis 1045
Thiomyia Wirth 1029, 1012,1045
third axillary plate 28

third tarsomcrc 36
thompsoni Hcrting (Lydella) 1208

Thompsonomyia Brooks I 257

Thomsonea RohdendorJ l 169

thoracica Fabricius (Laphria) 22, 23

thoracicus (Say) (Syneches) 61J
thoracicus Loew (Pterallastes) 738

Thoracochaeta Duda 145, 994, 995, 999. 1002
thorax 9, 23
Threticus Eaton 299
Thrichotanypus Kieffer 428, 433. 4 3 5, 45 3

1'hricops Rondani 1 I 23, ll24
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Thripsobrernia Barnes 287
Thrypticus Gerstiicker 627, 630, 631, 635
Thyllis Erichson 577
Thyreophoridae 834, I 504
Thyreophorina 845, 1442, 1443
Thyridanthrax Osten Sacken 59 1, 595, 601
Thyridomyia Saunders 403, 408
tibblesi Stone & Jamnback (Twinnia) 366,373,384, J8j, JB6
tibia, tibiae 35
tibial gland 35

tibial organ 35
tibial spurs 35
tibialis (CoquiJlett) (Metopomuscopteryx) 1226
tibialis (Coquillett) (Synapha) 225, 232, 234
tibialis (Curran) (Blepharomyi a) I 226
tibialis (Walker).(Vermileo) 97, 531
tibialis Cresson (Mosillus) 1034
tibialis Say (Ommatius) 565
tigrina (Fabricius) (Coenosia) I 120, I t23
Timavia Robineau-Desvoidy I 206
timberlakei Melander (Apolysis) 594
tincta Roback (Xenopelopia) 434
tinctipennis Malloch (Circia) I 102
tiptoni Guimaraes (Basilia) 1288
Tipula Linnaeus 17,24,27,34,'/3, I53,154,1_tJ, 156, t57,160, t6t,

162,163,164,165, r18,180, l8t, 182, r346
Tipulidae 2, 16, 23-25, 27, 32, 33,35, 37, 38, 44, 45, 51, 51, 58, 65-

68,70-73,77, 19 83, 86, 9t, 92, 122, t25, 153, 194, 301, 310,
1198, 1334 36, t339-44, 1347, 1348, 1350, 1356_58, 1365, 1366,
131 1, t312, t4t7

Tipulidea 1336
tipulina Osten Sacken (Phalacrocera) 161
Tipulinae 58, I 54, I 56, 158, 178, 179, 1344
Tipulodinodes Alexander 162
Tipulogaster Cockerell 557, 56J
Tipuloidea 2, I 58, I 334, 1339, 1342
Tipulomorpha 2, 15,35,36,55,58, 1336, 1339, t34l 44, 1357, 1365,

l4l3
Ti p u lomor p ha | 342, | 343
Titanogrypa Townsend I l6l,1169
titillans (Walker) (Mansonia) 343, 347
Tokunagaia Saether 447
Tolmerus Loew 555
Tolucamyia Dodge 1 165, 1168
tomentosa Frey (Boreopiophila) 845, 852
Tomophthalmae 590
Tomoplagia Coquillett 82-t, 828
Tomosvaryella Aczel 7 45, 7 47, 148
Tongamya Stuckenberg 541-44, 1388
Toreus Melander 617
lorma (L) 606, 70
torma, tormae 18
Toropamecia Cogan 967, 968,1449
Torosomyia Reinhard 1 205, l2l4
torrens (Townsend) (Leptoconops) 396, 397
torvus Osten Sacken (Syrphus) I I 1,7 I 3
toschiae Alexander (Gnophomyia) 181
townsendi (Snow) (Polybiomyia) 7 19,733
lownsendi (Williston) (Opomydas) 18, 534, 536,531
Townsendia Williston 550, 554, 556, 559
Townsendiellomyia Baranov l2l8
toxicodendri (Felt) (Adiplosis) 287
toxicodendri (Felt) (Xylopriona) 270
Toxomerini 717
Toxomerus Macquart 716 18, 719,120,739
Toxonagria Shewell I 179, ll8l, I 183
toxoneura (Osten Sacken) (Austrolimnophlla) 1 67
toxoneura (Osten Sacken) (Metangela) 248, 250, 253
Toxoneura Macquart 839, 841,842
Toxophora Meigen 592, 593
Toxophorinae 591
Toxopodini 946, 1 453, 1454
Toxorhina Loew 154, 158, 173,174,1365

t5't7

Toxorhynchitcs 342, 313,346, 317
Toxorhynchitinae 342, 346. 1 360
Toxotrypana Gcrstacker 821, 8 22
Toxurinae 811, 1441
trabecula, trabeculae (L) 85
trachea (L) 82
trachea, cervical (L) 82
trachea, spiracular (L) 82
trachea, supracsophageal ganglionic (L) 82
trachea, tracheae l0
trachea, ventral ganglionic (L) 82
trachea, visceral (L) 82
tracheal gill (L) 86
tracheal sac, of larsus 36
tracheal system. internal (L) 82
tracheal trunk, longitudinal (L) 82
tracheal vesicle (L) 82
Tracheomyia Townsend I I 52
Tracheomyiinae I 152

Trachyleucophenga Hendel l0l6
Trachyopella Duda 1000
Trafoia Brauer & Bergenstamm 1230,1262
Traginopinae 866
Traginops Coquillett 863, 864, 86J, 866
Tragplatte 53

tranquilla (Osten Sacken) (Stoncmyia) 4 I , 466, 469, 470
transcutal suture 25
transcutal suture, true 25
transcpimeral suture 26, 28
transiens Rubtzov (Simulium) 362, 363, 37 2. 382, 384
transita Townsend (Dexosarcophaga) 1163, I 170
transversc connective, of trachea (L) 82
transverse intpression 1 5

transverse plane 9
transverse suture 25, 27
lrapezoidalis (Bellardi) (Promachina) 560, 510
Trepherinae l44l
Trepid ari idae 1 63, | 430
Triachora Townsend I 2l 4
triangularis (Felt) (Aphodiplosis) 276, 283
triangularis Felt (Lobodiplosis) 276
triangularis Shaw (Rymosia) 2J3
triangulifera (Loew) (Strongygaster) I 227
triannulatus Saether (Psilomctriocnemus) .150

Triarthria Stevens I 198, I 23 l ,1257
Tribelos Townes 443
Trichacantha Stuckenberg 1 38 1, 1 383
Trichina Meigen 62I
Trichobiinae 1294-97, 1298
Trichohiinae l29l
Trichobius Cervais I 17, I 31, I 293, 1795 91, 1298. I 299
Trichocanace Wirth I 474
Trichoccra Meigen 19, 39, 46, 51, 79, 301. 302, 303, 1JJJ, I357
Trichoceridae 2, 32, 33,45, 51, 54, 71, 73, 11,79, 82. 83, 91, 92, 128,

301, 1331-36, 1339, l34l 4,1, 13s0, r353, 1351, 1J5_r. 1356 58,
r365, 1371, 1399, 141 t, l4l6

Trichoceridea 1358
Trichocerinas 301,303
Trichoceroidea 2, 1339, 1342, 1353
Trichochlamys Czerny 97 5, 979
Trichoclinocera Collin 615, 617
Trichoclusia So6s 861, 1457
Trichohelea Goctghebuer 403, 408, 4 1 8
trichomc 358
Trichomyia Curtis 83, 294,2.95, 296,298, 1354
Trichomyiinac 128, 295, 291, 298, 300, 1341, 1353
Trichonta Winnertz 23 3, 245
Trichopalpus Rondani 1 089, 1095
trichopleura McAlpine (Protcaromyia) 292
Trichopoda Berthold I 197, I 243, 1258
Trichopsidea Westwood 586, 587, J88. l4l3
Trichopsidcinae 586, 587
Trichopsomyia Williston 729
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Trichopsychoda Tonnoir 299
trichoptera (Osten Sacken) (Paracladura) 91. Jr2. 303

Trichopteromyia Williston 264, 27 0

Trichopt icoides Ringdahl 1 1 l8
Trichopti cus Rondani | 124
Trichosia Winnertz 250
Trichothaumalea Edwards 352, 353, JJJ
Trichotipula Alexander 162, 163

Tricimba Lioy 1060, 106l
tricincta (Loew) (Synchysa) 1096

Tricogena Rondani 1 188, 1 189

tricolor Fabricius (Tipula) 160

tricolor Wheeler (Lathcticomyia) I 09, 7 57, 1 58, 7 59
tricoloripes Curran (Syntormon) 18. 628.629
tricornis (Oliver) (Oliveria) 450
Tricyphona Zctterstedt 1 66, 170, l'78
tridens (Walton) (Dichocera) 19
tridentata (Hull) (Arthroneura) 596

trifasciatus (Say) (Stichopogon) 558, 565
trifolii (Burgess) (Lirionl'za) 87 I

Trigonometopus Macquart 953, 9-t5, 958,962
Trigonomma Enderlcin 1057 , 1065
Trigonospila Pokorny I 2 I 6, 1236, 1266
trilineata (Wulp) (Sphixapata) 1129, I l8l
Trilobomyza Hendel 872

trilobus (Kincaid) (Breviscapus) 299

Trilophyrobata Hcnnig 765
triloris Reinhard (Erucophaga) I 165, l118
Trimerina Macquart 1029. 1036, 1 04 2

Trimerinoides Cresson 1030, 1036
Trimicra Osten Sacken 177, 183

triocellata (Osten Sacken) (Limonia) /60
Triogma Schiner 165, 179

Triphleba Rondani 696, 699, 700. 701
triplex Walker (Euhybus) 621

triplex Walker (Tipula) 17. 157
Triplicitipula Alexander 164, 178

Triplocchus Edwards 592, 593
tripunctata (Wulp) (Neomuscina) I 120, | 122

triquetra (Olivier) (Ervia) 1262

Trisapromyza Shewell 956, 963
triseta (Villeneuvc) (Clemelis) 1208, 121 |

triseta group (Scatella) 1045

triseta Stein (Cocnosia) 1123
Trisopsis Kieffer 12, 258, 259, 281, 1351

Trissopelopia Kieffer 436
tristis (Loew) (Morpholeria) 979
tristis (Walker) (Prolepsis) 556, 564
tristis Meigen (Lonchoptera) 678
tristissima Ostcn Sacken (Gnophomyia) /23
trisulcata (Adams) (Tricimba) 106l
Tritoconicera Schmitz 699, 102
Tritorr Loeu 801. 8/12, 805
Tritozyga Loew 269
Trivialia Malloch 95J, 958
trivialis Loew (Platypalpus) 6/1
lriviuata (Stcin) (Pegohylernyia) 1 /0J
trivittata Macquart (Taeniaptera) 762, 764

trivittata Say (Tipula) 24, 153,154. 155, 180

trivittatus (Say) (Ptecticus) 499, 502,508, 509

Trixodes Coquillett 1249
Trixoscelididae 3, 113, I 11.125,975,981,992,1461. l48l 83, 1479

1181,1504
Trixoscclidini 982, 1181, 1183

Trixoscelis Rondani I I 3,981,982,983, 1482
trochanter 35
trochantin 27
Trochilodes Coquillctt I 229.1253
Trochiloleskia Townsend 1264
trompe (Modeer) (Cephenemyia) 1153, I 156

Trophithauma Schmitz 69 2, 704, 706
Trophodeinus Borgmeier I 2 3, 707,'711
Tropicomyia Spencer 872

IN DEX

Tropidia Meigen 7 11, 1 18, 7 25, 7 3 l.'734
Tropidiplosis Gagn6 287
trossulus (Reinhard) (M1'atelcmus) I 208' l)'14
Trottcria Kicller 289
truncatula Locw (Pelina) 1037, 1040

truncaturn Cook (Rhegmoclema) J14
trunk, longitudinal trachcal (L) 82

Trupanea Schrank 82J, 828
truquii Bcllardi (Philopota) 57 5, 576
Trypaneoidcs Tonnoir & Malloch l42u
Trypeta Meigcn 826
Trypctinae 821. l44l
Trypetisoma Malloch 957, 963
Trypetoptera Hendcl 934
Tryphera Meigen 1212, 1240
Tsugaca Hall l2l0
tubcrcle, ocellar 12

tubcrculata Gray (Mystacina) 1500

tuberculate pit 24

tuberosum (Lundstrcim) (Simulium) J80

Tucumf ia Sabrosk.v 1467, 1468

Tujunga Steyskal 801. 805
Tunisimyia PapP 1466

Tunisiml'ridae 1,154. 1462, 1466, 1501

Tunisimyiidae 1466

Turanodinia Strckclberg 866

t u rhi d a ( C u rran) ( Pa ra coeni a ) 10)9

Turbopsebius Schlinger 576,511.528. -s80 82' 583

tuxeni Hcnnig (Phancrochaetum) 1072, 14'76 18

Trvinnia Stonc & Jamnback 12, 358, J6l. 364' 366. J7J. 384'

J86, l 360
T1 lidae 7 63

T1'lidae 1430, 1504
Tilomyia Roback ll69
tl mpanal fossa 25
t,vmpanal ridge 25

tympanic pit 25
T1-popsilopa Cresson 1039

Uclesia Cirschner 1 2 1 9, 1250
Udamopyga Hall I I72,7173
Ula Haliday 156, 169, 185

Ulidiidac 150,1

Ulidiinae 801, 1110

Ulidiotitcs Ste.vskal 801, 806
Ulomorpha Osten Sackcn 71,170, 187

umbratica (Mcigen) (Hebccnema) 1/28
umbrimargo (Becker) (Beckcrina) 69 I ' 700

umbrosa (Snow) (Pcnesymmetria) 684
umbrosus (Loew) (Oncodometopus) 959, 960, 963

uncinaLa (Melandcr) (Apiloscatopse) 315

uncinatzr Hcndel (Clasiopella) 10J2, 1036

undata Wiedcmann (Pyrgota) I I 2, 8l J. 814. 81J

underwoodi Underwood (Eucorethra) 106,336' 337' 338

undine (Townes) (Paracladopelma) 4 39

undosa (Coquillett) (Chactostomella) 818, 825

tunguis 36

unguitractor plate 36
unicolor Aldrich (CamPtoPs) 1/66
unicolor Loerv (Plesiomma) 558, 562

unilineatus (Zetterstedt) (Megaphthalmoides) 1095

unimaculatus Loew (Chasmatonotus) 428, 430

unipunctata Meigcn (Mycetophila) 234

unisela Curran (Lonchoptcra) 676, 619

univitta (Walker) (Compsobata) I 15. 762, 765, 766

univittatus Locw (Plagioncurus) 630, 633

upper calyptcr 29
upper frontal sela l4
upper orbital scta l4
Uramya Robineau-Desvoidy I 34, 1262

Uramyiini 1262
U ranotaenia Lynch Arribirlz aga 9 3 , 312, 34 3 . 347 ' 349

urbica Haliday (TrichomYia) 296

J8J
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Urophora Robincau-Dcsvoicly 821, 822
Urophorinae 821
ursamajor Alexander (Trichocera) 303
ursinum (Edwards) (Prosimulium) 359, 362. 363,366. J8J, 384

387

Ursophyto Aldrich I 22 3, 1251
Usiidae 1384
uslulata (Zetterstedt) (Strongylophthalmyia) 779
ustulata Curtis (Helcomyz.a) 924
ustulata Zetterstedt (Cordilura) 19, 1089,1090, 1091
utahcnsis (Harmston & Millcr) (Achalcus) 636,637
uterus 38
utilis (Aldrich) (Wohlfahrtiopsis) I 169

uvcns Melander (Bicellaria) 619

vagabunda Cockerell (Ruppellia) 518
vagans Loew (Diastata) 103, I 10, I 16, 1019, 1020, l02l
vagans Loew (Pelastoneurus) 628, 62q
vagina 38

vagina, true 38
vaginal apodeme 44
vaginalis Townsend (Ochrocera) 1249
valar bristle 28
valens (Aldrich & Webber) (NiJea) 12JZ
Valentibulla Foote & Blanc 82J,828
valida (Harris) (Sphecomyiella) 1J1, 814, 8/5
valida (Townscnd) (Microchaetina) I 234
valida (Wiedemann) (Bryodemina) 595
valida Loew (Tetanoccra) 931

vallar ridge 28

vallicola Reinhard (Orasturmia) 1206
vanderwulpi (Townsend) (Chaelonodcxodcs) 1228, l 24 5

Vanderwulpia Townsend I 229,1260
vandueseni (Maa) (Penicillidia) 1283
vanduzeei Cresson (Coelopa) 921
vandykei (Coquillett) (Dicranoclista) 595
variabilis (Coquillett) (Lixophaga) 1256
variabilis (Staeger) (Halocladius) 446
variabilis (Zetterstedt) (Rhadiurgus) 571
variatum Cook (Colobostema) 314
varicolor Coquillelt (Plethochaeta) /089
varicornis (Curran) (Brooksiella) 1094
variegata Walker (Atherix) 95, 107,479,481
variipennis (Coquillett) (Culicoides) 393, 4 | 8
variola Garrett (Macrocera) 223, 229
varipes (Coquillett) (Leptopsilopa) I 0 3 2
varipes (Meigen) (Liopiophila) 848, 852
varipes (Walker) (Cordilura) 1091
varipcs Coquillctt (Pseudodinia) 968
varipes Loew (Myolepta) 724,733
varipes Macquart (Phytomyza) 870, BZj
vas deferens 54
veins, of wing 29-33
vclutina ( Loew) (Parapl ary peza) 687
velutinus (Krtiber) (Scenopinus) 526
venation 29-33
venosa Wulp (Megaparia) 1248
ventral 9
ventral arch (L) 75
ventral cornu (L) 75
ventral epandrial plate 45
ventral epandrial .sclerite 55

ventral Iamella, oJ proctiger 55

ventral plate 44, 53
ventral proctigeral sclerite 55
ventral receptacle 38, 44
ventralis (Cerstzickcr) (Mydas) 5J8
ventralis Aldrich (Dexia) 1248
ventroflexion 56
venusta (Reinhard) (Pseudochaeta) I 208
venustum Say (Simulium) J65, 384, J85
Vermileo Macquart 72,97,484,529, 529,530, 5J1, 532. I 382

| 519

Vermileonidae 2, 33, 66, 12, 14, 9'7. 99, 129.184, 529, I373, 1379,

1382, r399,1408, l4l2
Vermiophis Yang 1382
Vermitigris Wheclcr 530, 531, 1382

vcrnalis (Shcrman) (Syntemna) 2J0
vcrnata West (Wagneria) 1234

vernum Macquart (Simulium) J7Z
Verrallia Mik 746, 747,148
versicofor (Loew) (Diplotoxa) 1 056, 1057
vcrtebrata (Say) (Zelia) l2l7
vertcbratus (Say) (Rhagio) 482
vcrtcx 10,12, l6
vertical bristlc 14
verticol plate l1
verti(01 plate (L) 68
verlital triangle l2
verticalis (Reinhard) (Trigonospila) 12l6
vcrticillate I 6

t,esica 54
vesicata (Huckett) (Dclia) I I 13

vcsiculata (Borgmeier) (Physoptera) 698
vespoides (Bigot) (Pritchardomyia) 569

vestigipcnnis Alexandcr (Dactylolabis) 179

Vcstiplex Bezzt 163
vestiture l0
veterana Mclander (Sapromyza) 1446
vetusta lleer (Cordilura) 1087

vexans (Curran) (Opson'reigenia) I 24 3

vcxans (Mcigcn) (Aedes) 345
vexator (Coquillctt) (Lutzomyia) 296
vexatrix (Osten Sackcn) (Adejeania) 1 232, 1244

vibrissa, vibrissac l5
vibrissal angle l5
vibrissal ridge l5
vibrissarium l5
Vibrissina Rondani I 209, 1224, 1236
Vibrissotheresia Reinhard 1248
viburni (Fclt) (Dentillbula) 287
vicina (Walkcr) (Ornithoica) 1275. 1276
vigil (Walker) (Wohlfahrtia) 1/29
Villa Lioy 59 I , 595. 597 , 601
Villalites Hennig 582
Villalus Colc 577
villosus Bigot (Merapioidus) 7 25, 1 36
vinculum 45
virgata Ostcn Sacken (Toxophora) 592
virgatum Coquillclt (Simulium) 362, 369, 378

virginiensis (Drury) ( Milcsia) 228
virgo (Wiedemann) (Odontomyia) 502
virgo Edwards (Abiskomyia) 4J0
viridinota Brues (Phora) 701

viridis (Say) (Actina) 500, J02
viridiventris Malloch (Cladotanytarsus)'144
Viriliricta Irwin & Lyneborg 521
viticolipennis Kelsey (Belosta) 1 385
vittata (Coquillett) (Dzicdzickia) 2J2
vittata (Coquillett) (Peratomyia) 1088, 1096

vittata angustipennis Loew (Ctcnophora) I 59

vittatum (Meigen) (Parallelomma) 1096
vittatum Zcttcrstedt (Simulium) 359, 361 .362, 363, 37 I , 379, 383,

384, JBJ, 386, 387
vlttatus Loew (Trigonometopus) 962
vittigera (Coquillett) (Trisapromyza) 956, 963
vittigera (Coquillett) (Zonosemata) 822
Viviania Rondani 1225
vix Townscnd (Pterodontia) 576, 578, 58 I
vockerothi Martin (Holopogon) 566
vockerothi Munroe (Symmerus) 229
Volucella Geollroy I 33, 7 16, 7 11, 728,'737, 740
Volucellini 715
Vo lu ce I I os i a C urran I 3'7

volucris (Wulp) (Euboettcheria) I 168

volucris Osten Sacken (Eupeodcs) 735

J85,
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vomitoria (Linnaeus) (Calliphora) 22,23,1137 Xanthocera Townsend l26l
vorax Loew (Tachytrechus) 628,629 Xanthochlorus Loew 626, 621,631
Voria Robineau-Desvoidy I 222, I 238,1250 Xanthoepalpus Townsend 1244, I 24(t
Voriini I 195, I 196, 1201, 1250 Xanthogramma Schincr 721
vulcani (Dziedzicki) (Trichonta) 2J3 Xanthomclanodes Townsend I 243,1259
vulgaris Garrett (Mycomya) 230, 242 Xanthomyia Phillips 823, 828
vulnerata (Loew) (Stenopa) 822 Xanthomyza Hennig 1462
vulva 38 Xanthophyto Townsend 1202,1220, | 235

xanthopus Wiedemann (Bibio) 220
Wagneria Robineau-Desvoidy 1219, 1234,1250 xanthostoma Walker (Prochyliza)845,846
Wagneria Rohineau-Desvoidy 1253 Xenanthomyza Hennig 892, 1457
Wagneriini l20l Xenasteia Hardy 1466
walkeri lde (Palaeodipteron) 91,122, 123,203,204,205,206, 1345, Xenastciidae 1154,1462,1163, 1466 68. 1504

1348 Xeniconeura Shewell 9JJ,957,958
walleyi Townes (Polypedilum) 440 Xeniomyza Hering 869
Walshomyia Felt 290 Xenochaeta Snow 828
Warmkea Saunders 399, 407 Xenochaetina Malloch 955, 957,958, 960
washingtoniana (Bigot) (Phyllomya\ I 226 Xenochironomus Kieffcr 430,438,441
Wasmanniella Kieffer 264, 265,266 Xcnoleucopis Malloch 968,970. 1449
Waterhouseia Malloch 890. 1462 Xenolimosina Roh6dek 1000
watsoni Felt (Ctenodactylomyia) 281 Xenopclopia Fittkau 434
watsoni Hardy (Apetaenus) 1074 Xcnophytomyza Frcy'870
wattsi Gagn6 (Contarinia) 284 Xenoprerella Malloch 957,964
webberi (Smith) (Phorocera) 1252,1256 Xcnosciomyza Tonnoir & Malloch l45l
westwoodi Hagen (Boreus) 1366 Xenotachina Malloch 1.198

westwoodi Osten Sacken (Elephantomyia) /62 Xeritha Stuckenberg l38l
whartoni (Needham) (Limonia) /66 Xestomyza Wiedemann 518
wheeleri(Hough)(Paralucilia) 30,31,1138,\140 Xylom1,aRondani48,1l8,l19,493,494,495,l3T7,1318
wheeleri (Sturtevant) (Periscelis) 897 Xylomyidae 2,48,71.19,99, | 19, 128,493, 1373, 1375'79, 1389,
wheeleri Brues (Apocephalus) 691,705 1399. 1400. 1405. 1406. 1409 12, 1415, l4l7
wheeleri Brues (Ecitomyia) 123, 707,110 Xyloml,inae 499
whitneyi (Johnson) (Merycomyia) 467,473 Xylophagidac 2, i4, 15.54,55.66,11,79.81,95,99, 107, | 19, 128,
Whitneyomyia Bequaert 465,4'72, 415,411 460, 484, 489. 491, 1312, 1373, I 375, I 376, I 382, I 388, I 399,
Wiedemannia Zettersredt 608,609, 614,623 1403. l4l l, 1412. 1415, 1417
wilcoxi lrwin (Parapherocera) 515 Xylophaginae 489, 490
Wilcoxia James 554, 560,569 Xllophagoidea l4l3
willingii (Smith) (Letops) 726,741 Xylophagomorpha 1372, 1373, 1375 79, 1382
willistoni (Cole) (Pallicephala) 515 XyJophagus Mcigcn 66,19,95,99, /18. l19,489,490.491,492,
willistoni (Wheeler) (Thrypticus) 6J0 13'15.1311 19
willistoni Curran (Cyrtopogon) 563 Xylopriona Kieffer 264, 270
Willistoniella Mik942,942 Xylota Meigen 718,726,736
willistonii (Coquillett) (Poecilanthrax) 595 Xylotodes Shannon734
willistonii (Snow) (Chamaesyrphus) 724 Xylotomima Shannon 734
Willistonina Back 559
wing 10,28 yakimensis Mclander (Microphorus) 107,616
wing blade 28, 29 Yamatotipula Matsumura 154, /J,t, I 57, 160, 16I . 162, 163, 180

wing cells 30,31,32 yesonicus Bigot (Promachus) 553
wing crossveins 30,31 yokohama (Kuwana) (Cryptochetunr) 136
wing membrane 33 yokohama Kuwana (Crytochetum) 1020
wing stalk 28,29 losemite (Ostcn Sacken) (Philorus) 192, 196
wing structure J0, 31 Youngomyia Felt 282
wing venation 29-33 yukonensis HolTman (Culicoides) 106, 400, 407, 4I8
Winnertzia Rondani 260, 267.269
Winnertziini 269 Zalrachia Coquillett -t01,503, J08,509,510
winthemi Zetterstedt (Tachypeza) 6l I Zabrops Hull 561
Winthemia Robineau-Desvoidy 1204,1206, 1210, 1237 Zacompsia Coquillett 806
Winthemiini I195 97, 1201, l2l0 Zagonia Coquillett 981 .982,983, 1482
wirthi (Lane) (Pellucidomyia) 414 Zaira Robincau-Dcsvoidy | 34,1198,1225
wirthi Marshall (Pteremis) 997 Zale D. K. McAlpine 1474
wirthi Saunders (Forcipomyia) 402 Zale Hcubner 1474
Wirthomyia Vargas 405 Zalea D. K. McAlpine 1474
Wohlfahrtia Brauer & Bergenstamm 1162, I 179, l18l Zaleinae l4l4
Wohlfahrtiopsis Townsend 1169, I 171 Zalinae 1474
woodi Shewell (Ptychoneura) I 180, ll82 Zalutschia Lipina 4Jl, 450
Woodiphora Schmitz 691,102 zamon (Torvnscnd) (Eccritosia) 571
Wyeomyia Theobald 342, 344,346, 347 Zavrclia Kieffer 443
Wyliea Martin 566,571 Zavrelimyia Fittkau 4J2, 435,436

zeda Marshall (Minilimosina) 1000
Xanionotum Brues 696,700,705,710,111 zelanica Holloway (Mystacinobia) 1500
Xanthaciura Hendel 828 Zelia Robineau-Desvoidy I 2 I 7, 1249
Xanthacrona Wulp 807 Zenillia Robineau-Desvoidl, 1206
Xanthandrus Yerrall 721,7 30 Zenillia Robineau-Desvoidy 1207
Xanthocanace Hendel 1474 Zentula D. K. McAloine 992. l48Z
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Zeros Cresson 1039, 1040
Zeuxidiplosis Kieffer 286
Zeuximyia Philip 467 , 410, 47 4

Zizy phomy ia Townsend I 21 8
Zodion Latreille 55, I 3 1, 7 49-51, 7 5 2, 7 5 3. 7 54, 7 5 5
zonalis Curran (Uclesia) 1219
zonata (Zetterstedt) (Pegomya) 1 102

l58l

Zonosemata Benjamin 822, 824
zosterae (Haliday) (Thoracochacta) 1002
zosterae Haliday (Leptocera) /45
Zygomyia Winnertz 234, 245
Zygoneura Mcigen 248, 250, 25 1, 25 3

Zyziphort Peterson & Robinson 692,703




