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ABSTRACT

A phylogenetic hypothesis is proposed for higher-level relationships within Asilidae, based on
a sample of 158 species from 140 genera representing all 11 previously recognized subfamily taxa
and 39 of the 42 tribal taxa and 220 discrete, parsimony informative, morphological characters
from all tagmata of the imagines. Cladistic analysis results in 720 most parsimonious trees of
2760 steps in length, and a strict consensus topology of 2965 steps. The strict consensus
cladogram is well resolved except for species of Apocleinae and Asilinae, which form a large
polytomy. Monophyly of Asilidae is corroborated and supported by five autapomorphies: (1)
labella of labium fused to prementum at least ventrally; (2) hypopharynx heavily sclerotized; (3)
hypopharynx with dorsal seta-like spicules; (4) labrum short and at most half as long as labium;
(5) cibarium trapezoidal. The clade Apioceridae + Mydidae is the sister group to Asilidae. The
phylogenetic hypothesis indicates that five out of the 11 previously recognized subfamily taxa
are non-monophyletic, i.e., Apocleinae, Asilinae, Dasypogoninae, Laphystiinae, and Stenopo-
goninae. The present cladistic analysis forms the most comprehensive phylogenetic study on
Asilidae to date and is used to revise the taxon’s phylogenetic classification in which 14
subfamily taxa are recognized. Ommatiinae, Trigonomiminae, and Stichopogoninae are
recovered as monophyletic and contain the same genera as previously postulated. Dioctriinae
and Leptogastrinae are also recovered as monophyletic, but the genera Myelaphus and
Acronyches are transferred to them, respectively. Asilinae comprises all Apocleinae and Asilinae
species and Laphriinae comprises all Laphriinae and Laphystiinae species sensu previous
authors. Dasypogoninae and Stenopogoninae are divided into several taxa at phylogenetically
unrelated positions in the cladogram. The Dasypogoninae comprises only Blepharepiini,
Dasypogonini, Lastauracini, Megapodini (including Cyrtophryina, Lagodiina, Megapodina, and
Senobasina), Molobratiini, Saropogonini, and Thereutriini as well as the unplaced genera
Archilestris, Diogmites, and Lestomyia. The remaining taxa possessing either a large prothoracic
tibial spine, i.e., Brachyrhopalini and Chrysopogonini, or a small S-shaped spur, i.e., Cophura,
Leptarthrus, and Nicocles, are part of the Brachyrhopalinae (new status). The Stenopogoninae
comprises only Enigmomorphini, Plesiommatini, and Stenopogonini as well as the unplaced
genera Ancylorhynchus and Scylaticus. Bathypogoninae (new status), Phellinae (new status),
Tillobromatinae (new status), and Willistonininae (new status) are new subfamilial taxa
previously assigned to Stenopogoninae. The remaining Stenopogoninae sensu previous authors
represented here, i.e., Cyrtopogonini, Ceraturgini, Heteropogon, Holopogon, Metapogon, and
Rhabdogaster, are assigned to the Brachyrhopalinae (new status). The genera Coleomyia and
Oligopogon remain incertae sedis as neither genus groups with any other Asilidae, and are
positioned as adelphotaxa to speciose clades. The higher-level relationships are: (Laphriinae
((Asilinae + Ommatiinae) (Bathypogoninae (Phellinae ((Tillobromatinae (Coleomyia incertae
sedis + Dasypogoninae + Stenopogoninae)) (Willistonininae (Oligopogon incertae sedis
((Dioctriinae (Leptogastrinae + Trigonomiminae)) (Brachyrhopalinae + Stichopogoninae))))))))).

INTRODUCTION

Asilidae (‘‘robber flies,’’ ‘‘assassin flies’’)
are a distinct part of the global insect fauna,
which most entomologists quickly recognize
and appreciate because of their obvious
predatory behavior and generally large body
size in the imago stage. To date, slightly more
than 7000 species have been described from
all zoogeographical regions, making Asilidae
one of the most diverse taxa within Diptera.
Assassin flies range in size from 5–60 mm
and are morphologically very diverse (figs. 2–
13). They live in a wide variety of habitats,
though they are most speciose in desert to
semidesert environments (e.g., Londt, 1998)

and tropical lowland forests (e.g., Fisher, in
press; figs. 14–25). They play a major eco-
logical role as predominantly insect preda-
tors. Despite ongoing interest in species-level
revisionary studies or behavioral and ecolog-
ical studies, the phylogenetic relationships
among taxa within the Asilidae are very
poorly known. There is, however, no doubt
that the Asilidae is a monophyletic taxon. In
the present phylogenetic study, morphologi-
cal features of the imagines used in classifi-
cations by previous authors are combined
with yet unreported character complexes to
resolve the phylogenetic relationships of 158
species sampled among 140 genera from
around the world (fig. 1; table 2).
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Assassin flies have lived on earth for a long
time. The oldest fossils that can be unambig-
uously assigned to the Asilidae are Creta-
ceous (Gallic epoch) in origin, from the Crato
Formation in Brazil (Albian, approximately
110 Mya, Grimaldi, 1990) and from New
Jersey amber in the United States (Turonian,
94–90 Mya, Grimaldi and Cumming, 1999;
Grimaldi and Engel, 2005). A few compres-
sion fossils from the Karabastau Formation
of southern Kazakhstan (Late Jurassic,
Malm epoch, approximately 160 Mya) are
interpreted as belonging to the Asilidae
(Mostovski, 1999), but it remains to be seen
whether these fossils actually belong to the
stem lineage of the Asilidae or are stem
lineage representatives of Asiloidea. Hull
(1962) postulated a diagram of relationships
of robber flies with a timeline of their
diversification based on the then-known
fossils and concluded that robber flies
diversified as recently as the Tertiary (Pa-
laeogene, Eocene epoch, approximately
45 Mya). Later, Lehr (1969) also postulated
a diagram of relationships, concluding that
the Asilidae (referred to as Asilomorpha)
diversified after the mid-Jurassic (approxi-
mately 180 Mya). Artigas et al. (2005)
postulated a Gondwanan origin for a taxon
composed of Hypenetes Loew, 1858, from
southern Africa and Tillobroma Hull, 1962,
from South America (Stenopogoninae: Tillo-
bromatini sensu Artigas and Papavero, 1991)
based on a hypothesis of vicariance and a

sister-group relationship between the two
genera. The minimum age of 180 Million
years for this taxon as proposed by Artigas et
al. (2005) is not supported by any fossil
evidence. In fact, not a single species that can
be unambiguously assigned to any extant
Asiloidea family taxon has been reported
from the mid-Jurassic, and the hypothesis of
an origin of a taxon comprising these two
genera is highly controversial and not based
on empirical evidence (see Discussion for
phylogenetic relationships of these two gen-
era). Origin and earliest diversification of the
Asilidae may be postulated to be latest
Jurassic to earliest Cretaceous (150–
140 Mya; D. Grimaldi, personal commun.).

The Asilidae Latreille, 1802, is placed in
the Asiloidea (e.g., Hennig, 1972; Woodley,
1989; Griffiths, 1994; Yeates, 1994, 2002;
Yeates and Wiegmann, 1999, 2005; Grimaldi
and Engel, 2005) together with five relatively
speciose family taxa (i.e., Apioceridae Bigot,
1857, Bombyliidae Latreille, 1802, Mydidae
Latreille, 1809, Scenopinidae Fallén, 1817,
and Therevidae Newman, 1834), and three to
four minor family taxa (i.e., Apsilocephalidae
Nagatomi et al., 1991, Evocoidae Yeates et
al., 2003, Mythicomyiidae Melander, 1902
[sensu Evenhuis, 1994; but see Yeates, 1994],
and Hilarimorphidae Williston, 1896 [sensu
Webb, 1974; Yeates, 1994]). The Asiloidea
sensu Woodley (1989) (5 Pleroneura sensu
Lameere, 1906; Griffiths, 1994; 5 Asilidea
sensu Hennig, 1954; 5 Asiliformia sensu

Fig. 1. Map of the world with collecting localities of Asilidae species included in the present study
marked with filled circles.
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Hennig, 1972, 1973; 5 Asilomorpha sensu
Grimaldi and Engel, 2005) is considered to be
a monophyletic taxon although only sup-
ported morphologically by the position of the
larval posterior spiracle in the penultimate

abdominal segment (e.g., Hennig, 1972, 1973;
Woodley, 1989; Yeates, 2002). Griffiths
(1994) also proposed the presence of a
divided abdominal tergite 10 into acantho-
phorite plates in the females and the complex

Figs. 2–7. Photographs of some Asilidae species included in the present analysis. 2. Asilus sericeus
(Asilinae; Cromwell Meadows Wildlife Management Area, Middlesex County, Connecticut, 2004); 3.
Pogonioefferia pogonias (Asilinae; Windham, Windham County, Connecticut, 2004); 4. Dioctria
hyalipennis (Dioctriinae; Great Swamp Wildlife Management Area, South Kingston, Washington County,
Rhode Island); 5. Ceraturgus fasciatus (Brachyrhopalinae; Hadley, Hampshire County, Massachusetts,
2004); 6. Atomosia puella (Laphriinae; Matianuck Natural Preserve Area, Windsor, Hartford County,
Connecticut, 2005); 7. Laphria aktis (Laphriinae; Matianuck Natural Preserve Area, Windsor, Hartford
County, Connecticut, 2004). All photographs taken by Michael Thomas.
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Figs. 8–13. Photographs of some Asilidae species included in the present analysis. 8. Laxenecera albicincta
(Laphriinae; Mhlopeni Nature Reserve, KwaZulu-Natal, South Africa, 2004); 9. Tipulogaster glabrata
(Leptogastrinae; Skinner State Park, Hampshire County, Massachusetts, 2004); 10. Ommatius tibialis
(Ommatiinae; Simsbury, Hartford County, Connecticut, 2004); 11. Stichopogon trifasciatus (Stichopogoni-
nae; Simsbury, Hartford County, Connecticut, 2006); 12. Holcocephala calva (Trigonomiminae; Hillsborough
River State Park, Hillsborough County, Florida, 2006); 13. Nicocles politus (Brachyrhopalinae; Matianuck
Natural Preserve Area, Windsor, Hartford County, Connecticut, 2004). Laxenecera albicincta photo-
graphed by Torsten Dikow, Tipulogaster glabrata by Giff Beaton, and all remaining photographs taken by
Michael Thomas.
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Figs. 14–19. Photographs of habitats of Asilidae with a list of species that have been collected in them
and are included in the present analysis: 14. Sand dune in Hohe Düne, Rostock, Mecklenburg-Western
Pomerania, Germany (1998): Dysmachus trigonus and Philonicus albiceps (Asilinae); 15. Forest margin,
Rostocker Heide, Rostock, Mecklenburg-Western Pomerania, Germany (1998): Dioctria atricapillus and
Dioctria rufipes (Dioctriinae), Lasiopogon cinctus (Stichopogoninae), Philonicus albiceps and Tolmerus
atricapillus (Asilinae); 16. European Alps, near Garmisch-Partenkirchen, Bavaria, Germany (2002):
Leptarthrus brevirostris (Brachyrhopalinae); 17. Montane grassland in Injesuthi, Drakensberg Mountains,
KwaZulu-Natal, South Africa (2000): Rhabdogaster pedion (Brachyrhopalinae), Damalis monochaetes
(Trigonomiminae); 18. Acacia savannah in Mhlopeni Nature Reserve, KwaZulu-Natal, South Africa
(2000): Afroestricus chiastoneurus (Ommatiinae), Connomyia varipennis (Stenopogoninae), Hoplistomerus
nobilis and Laxenecera albicincta (Laphriinae), Lasiocnemus lugens (Leptogastrinae); 19. Sparsely
vegetated exposed hillside, Tierberg Nature Reserve, near Keimoes, Northern Cape, South Africa
(2004): Lycostommyia albifacies (Tillobromatinae), Trichoura sp. (Tierberg) (Willistonininae). All
photographs taken by Torsten Dikow.
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Figs. 20–25. Photographs of habitats of Asilidae and Apioceridae with a list of species that have been
collected in them and are included in the present analysis: 20. White sand dunes in Witsand Nature
Reserve, Northern Cape, South Africa (2004): Stiphrolamyra angularis (Laphriinae); 21. Acacia savannah
and white sand dunes in Witsand Nature Reserve, Northern Cape, South Africa (2004): Acnephalum
cylindricum (Willistonininae), Daspletis stenoura (Stenopogoninae), Trichardis effrena (Laphriinae); 22.
Tropical rainforest in Central Catchment Nature Reserve, Singapore (2006): Clephydroneura sp. (Kepong)
(Asilinae); 23. Sand dunes adjacent to salt pan, Willcox, Arizona (2005): Ablautus coquilletti
(Willistonininae), Apiocera painteri (Apioceridae); 24. Sand dune near Borax Lake, Oregon (2005):
Diogmites grossus (Dasypogoninae), Laphystia tolandi (Laphriinae), Ospriocerus aeacus (Stenopogoninae);
25. Forest margin and open sand area near Ithaca, New York (2003): Holcocephala calva
(Trigonomiminae), Pogonioefferia pogonias (Asilinae). All photographs taken by Torsten Dikow.
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intromittent organ with an internal endoae-
deagal tube (sensu Sinclair et al., 1994) in the
males as autapomorphies of this lineage.
Asiloidea and its sister group Eremoneura
are grouped in the Heterodactyla, a mono-
phyletic taxon based on the presence of a
setiform empodium situated between the
paired claws (e.g., Woodley, 1989) and
reduction of the epiproct (Sinclair et al.,
1994). Heterodactyla and its sister group, the
Nemestrinoidea (sensu Woodley, 1989), are
grouped in the Muscomorpha (sensu Wood-
ley, 1989) characterized by the reduction of
antennal flagellomeres to four or fewer,
reduction of tibial spurs, one-segmented cerci
in females, males with base of epandrium
articulated with gonocoxites, and males with
gonostyli moving in a dorsoventral fashion
(Woodley, 1989; Sinclair et al., 1994).

The sister group to Asilidae is still debated
in the Diptera literature and six alternative
hypotheses are: (1) Asilidae and Apioceridae
are sister taxa (Hull, 1962; Yeates, 1994); (2)
either Apioceridae or Mydidae is the sister
group to Asilidae (Hennig, 1973); (3) Asilidae
and Mydidae form a sister taxon (Wood,
1981); (4) Asilidae is the sister taxon to either
Apioceridae and Mydidae or Scenopinidae
and Therevidae (Woodley, 1989); (5) Apio-
ceridae and Mydidae form the sister group to
Asilidae (Yeates and Irwin, 1996); and (6)
Asilidae is the sister taxon to the remaining
Asiloidea except Bombyliidae (Yeates, 2002;
Bybee et al., 2004). Hermann (1909), in
describing the first southern African Apio-
ceridae in the genus Ripidosyrma Hermann,
1909, discussed the relationships of Apiocer-
idae, Asilidae, and Mydidae and concluded
that the Asilidae is most closely related to
Apiocera Westwood, 1835, i.e., Australian
Apioceridae, based on certain characters of
the wing venation. Recent studies focusing on
the Therevidae and their phylogenetic rela-
tionships to Apsilocephalidae, Evocoidae,
and Scenopinidae revealed the so-called
‘‘therevoid clade’’ consisting of these family
taxa, which is the sister taxon to a clade
composed of Apioceridae, Asilidae, and
Mydidae (S. Winterton and M. Hauser,
personal commun.). Irwin and Wiegmann
(2001) attempted in a molecular study to
place the enigmatic southern African genus
Tongamya Stuckenberg, 1966 (Mydidae:

Megascelinae), and included Apioceridae,
Mydidae, Scenopinidae, and Therevidae as
outgroup taxa, but unfortunately they did
not include any robber flies.

The monophyly of Asilidae has never been
questioned. Hardy (1927a: fig. 2) presented a
diagram of postulated relationships of Asi-
loidea in which the Asilidae is paraphyletic
with respect to Apioceridae, Mydidae, and
Therevidae. He did not provide any conclu-
sive morphological evidence supporting this
hypothesis, however. Hennig (1973) dis-
cussed three derived ground-pattern charac-
ter states as supporting the monophyly of
Asilidae, i.e., (1) abdomen constricted prox-
imally (attributed to Hull, 1962), (2) labella
of labium reduced and sclerotized, and (3)
densely bristled legs. The sunken vertex was
interpreted by Hennig (1973) to be shared
with the Mydidae. Woodley (1989) listed
three autapomorphies for the Asilidae all
relating to the imagines: (1) labella of labium
strongly reduced and fused with prementum,
(2) hypopharynx strongly sclerotized, modi-
fied into a hypodermic, needlelike structure,
and (3) face with a vestiture of strong
macrosetae called the mystax. Yeates (1994)
and Sinclair et al. (1994) independently
postulated a feature of the male terminalia
as an autapomorphy for assassin flies, i.e.,
base of the epandrium articulated with
anterodorsal prolongation of hypandrium.
Further support for monophyly is exhibited
by the predatory behavior found in both the
adult as well as the larval life stage, which is
unique among Asiloidea.

Fifty-eight available, valid family-group
names have been proposed to group the 537
genera of Asilidae (Sabrosky, 1999; Dikow,
2004; Geller-Grimm, 2004; note: nine addi-
tional genera have been described or reclas-
sified since Geller-Grimm’s generic catalogue
in 2004, which lists 528 valid genera). Eleven
names have been previously in use and
recognized at the subfamilial rank, i.e.,
Apocleinae Papavero, 1973a, Asilinae La-
treille, 1802, Dasypogoninae Macquart,
1838, Dioctriinae Enderlein, 1936, Laphrii-
nae Macquart, 1838, Laphystiinae Hendel,
1936, Leptogastrinae Schiner, 1862, Omma-
tiinae Hardy, 1927, Stenopogoninae Hull,
1962, Stichopogoninae Hardy, 1930, and
Trigonomiminae Enderlein, 1914 (e.g., Gel-
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ler-Grimm, 2004; but see Artigas and Papa-
vero, 1997, in regard to Apocleinae), whereas
42 family-group names have been used
previously to divide the subfamily taxa into
subordinate taxa referred to as tribal taxa
(Dikow, 2004). The taxa subordinate to
subfamily level have not often been applied
on a worldwide basis. The majority of names
were proposed by a few authors and for
particular zoogeographical regions only, e.g.,
Artigas and Papavero (1988–1991) established
10 Neotropical taxa; Hardy (1926–1948)
postulated nine taxa of which three are limited
to Australia; Papavero (1973–1975) published
six Neotropical taxa; and Hull (1962) pro-
posed six taxa. The present study includes a
worldwide sample of Asilidae species (fig. 1;
table 2) and can therefore test the monophyly
of geographically restricted tribal taxa, and
accordingly modify the delimitation, scope,
and composition of these taxa.

BRIEF HISTORICAL REVIEW OF

CLASSIFICATIONS OF ASILIDAE

The eminent dipterist Thomas Becker is
quoted in Hermann (1920: 161, see transla-
tion below):

Es bricht sich das Empfinden und die Erkenntnis
Bahn, daß eine Revision in der Einteilung der
Gattungen der Asiliden als ein höchst notwen-
diges Postulat und als ein sehr dankbares Feld
der Tätigkeit angesehen werden muß.

Harold Oldroyd, an influential dipterist at
the British Museum (Natural History), pub-
lished the following two comments on
classifying Asilidae in 1974:

A tribal classification, like any other, can be
approached from different directions. Ideally,
no doubt, it should be austerely scientific, and
express as completely as possible the ancestry
and present relationships of the genera. This
must always be a matter of opinion. Traditional
taxonomic methods of examining as many
individual specimens as possible and comparing
the results are laborious and incomplete…. We
record resemblances and differences, but every
generalisation has its exceptions

and

I think our present classification of Asilidae will
remain largely intuitive and utilitarian for a

long time to come, perhaps for ever (Oldroyd,
1974a: 8–9).

Becker stated that a classification of the
genera of Asilidae was needed and that such
a project would be worthwhile and reward-
ing, whereas Oldroyd was pessimistic con-
cerning the results derivable from studying
many specimens in detail, comparing their
morphology and using character states to
propose a hypothesis of relationships. The
present study goes against Oldroyd’s view-
point by initiating the study of a representative
sample of the 7000 Asilidae species and coding
them for 220 morphological characters of the
imagines in order to postulate a well-corrob-
orated hypothesis of phylogenetic relation-
ships of higher-level taxa within Asilidae.

The earliest studies dealing with classifica-
tions in the form of a dichotomous key were
published by Macquart (1838) and Schiner
(1862). Hull (1962) summarized the taxo-
nomic work of early authors from the 18th
and 19th centuries. Papavero (1973a) provid-
ed a detailed summary of the different
classifications to 1970 and postulated his
own view on the relationships of taxa.
Table 1 summarizes classificatory/phyloge-
netic studies dealing with the entire Asilidae
that have been published since 1900. Only a
molecular study of 26 Asilidae species (Bybee
et al., 2004; fig. 130) can be regarded as a first
higher-level phylogenetic analysis of Asilidae
involving all previously recognized subfamily
taxa (except for Dioctriinae). A few other
post-Hennigian publications, published be-
tween 1959 and 1996, address the classifica-
tion of Asilidae as a whole (table 1), but with
the exception of Karl (1959; fig. 129) they are
not grounded in modern phylogenetic theory.
Hull’s (1962) and Papavero’s (1973a) exten-
sive reviews of the world genera and classi-
fication of Asilidae include diagrams of
relationships of subordinate taxa. Upon close
examination it is apparent that neither of the
studies employed a Hennigian character
polarization and no sister-group relation-
ships based on apomorphic character states
were proposed. Papavero (1973a: 220) cited
Darlington (1971) for his general methodol-
ogy and it is here repeated to illustrate the
fact that Papavero did not work in a cladistic
framework:
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The methods I use are essentially subjective:
comparison of specimens, detection of similar-
ities and differences, and reaching conclusions
based primarily on personal judgements and
experience rather than on statistical analyses or
other objective tests. I have tried to make my
taxonomy conform to phylogeny and reflect the
existence of variability as well as the interrela-
tionships of populations in nature…. Their
phylogenies must therefore be deduced, and
taxonomists are sure to make mistakes about
them (Darlington, 1971: 144).

Darlington (1971: 144) also stated, ‘‘In
general, I think taxonomists using less
arbitrary methods can do as well or better
than cladists in fitting their classifications to
phylogenies and in interpreting geographical
patterns.’’ In summary, Hull’s (1962) and
Papavero’s (1973a) reviews provided classifi-
cations of the genera of Asilidae and
identification keys to them, and are thus
important contributions to the knowledge of
Asilidae, but are not phylogenetic hypotheses
of evolutionary relationships of taxa of
robber flies. A few phylogenetic hypotheses
of relationships of subordinate taxa were
published, e.g., Adisoemarto and Wood
(1975) on Dioctriini and Echthodopini (Dioc-
triinae) and Cannings (2002) on Stichopogo-
ninae. Two unpublished Ph.D. dissertations
dealt with taxa of Laphriinae, i.e., Andreno-
somatini (Fisher, 1986) and the entire Laph-
riinae (Mazzarolo, 1999).

MATERIALS AND METHODS

Morphological terminology mainly fol-
lows that recommended in Manual of Nearc-
tic Diptera (McAlpine, 1981). Terminology of
the antennae follows Hennig (1972), Stuck-
enberg (1999), and Dikow and Londt (2000),
and terms pertaining to male terminalia
follow Sinclair et al. (1994). All abbreviations
for wing veins and wing cells follow McAl-
pine (1981), and abdominal tergite and
sternite are abbreviated by a capital T and
S, respectively. A distinction is made between
regular setae and macrosetae relating to their
thickness. Macrosetae also often exhibit a
well-developed socket. Other terms used
herein correspond to those in The Torre-
Bueno Glossary of Entomology (Nichols,
1989). The female and male terminalia and
heads were first excised and macerated in
10% potassium hydroxide (KOH) in an
incubator at 50u C for 45–90 minutes. They
were temporarily stored in 75% ethanol for
examination and illustration and eventually
sealed in polyethylene genitalia vials contain-
ing 100% glycerol and attached to the
specimen’s pin. Morphological features were
drawn with the aid of a 10 3 10 ocular grid
on an Olympus SZ60 stereomicroscope, the
drawings scanned on a flatbed scanner, and
digitally redrawn and labeled using Adobe
IllustratorH software. Scanning electron mi-
crographs were taken with a Hitachi S4700

TABLE 1
Summary of publications addressing the classification or phylogeny of Asilidae based on morphology of imagines

except where noted

Publication Analysis Method Remarks

Hermann, 1920 similarity and diagnostic key

Hardy, 1927a similarity Asiloidea, Asilidae is paraphyletic

Hardy, 1927b similarity and diagnostic key

Hardy, 1934 similarity

Karl, 1959 phylogenetic

Hull, 1962 non–matrix-based similarity

Lehr, 1969 non–matrix-based similarity

Artigas, 1971 phenetic Chilean Asilidae only

Papavero, 1973a non–matrix-based similarity

Oldroyd, 1974a non–matrix-based similarity

Lehr, 1996 non–matrix-based similarity

Bybee et al., 2004 phylogenetic 16S, 18S, 28S rDNA, COII mtDNA

12 BULLETIN AMERICAN MUSEUM OF NATURAL HISTORY NO. 319



Field Emission Scanning Electron Micro-
scope. The wings were temporarily slide-
mounted in glycerol and photographed with
a MicropticsH digital macro unit and later
attached to the specimen’s pin on a piece of
label paper.

TAXON SAMPLING

More than 7000 species have been de-
scribed in the Asilidae to date, and reflecting
this species diversity is of immense impor-
tance for any phylogenetic analysis. The
present study includes 158 species from 140
genera, representing all 11 previously recog-
nized subfamily taxa with multiple exemplars
(table 2), thereby establishing a worldwide
sampling (fig. 1). Most of the 42 valid tribal
taxa are also represented by multiple exem-
plars, if applicable. Only the three mono-
generic tribal taxa Archilaphriinae Enderlein,
1914 (Dasypogoninae, Archilaphria Ender-
lein, 1914), Dasylechiini Artigas et al., 1988
(Laphriinae, Dasylechia Williston, 1907), and
Neophoneini Artigas et al., 1988 (Laphriinae,
Neophoneus Williston, 1889) are not included
because too few specimens are available for
morphological dissections. To better repre-
sent the species diversity additional species
are included for every subfamily taxon in
which only a few subordinate taxa have been
proposed, i.e., Apocleinae, Asilinae, Lepto-
gastrinae, Ommatiinae, Stichopogoninae,
and Trigonomiminae. Three species formerly
assigned to the Isopogonini Hardy, 1948,
which is an unavailable name (Sabrosky,
1999; Dikow, 2004), are included to represent
this taxon, which has been applied in
previous classifications (e.g., Hardy, 1948;
Hull, 1962; Papavero, 1973b). Artigas and
Papavero (1997) divided the Asilinae, includ-
ing the Apocleinae sensu Artigas and Papa-
vero (1988) and Geller-Grimm (2004), into
generic groups without formal establishment
of family-group names. Seven of these nine
generic-group taxa are represented in the
present analysis (table 2). The majority of the
species are represented by male and female
specimens with only three species represented
by specimens of the female gender only
(table 2). The arrangement of genera in
table 2 follows the latest generic classification
by Geller-Grimm (2004). An effort is made to

represent the included family-group taxa and
genera by their respective type genus and
type species when material has been available
for study. In 11 cases for which the species
identification is not certain, i.e., referred to as
‘‘sp.,’’ it has been verified that all specimens
belong to a single species and an additional
epithet is included in parentheses denoting
their collecting locality or unpublished name
for future reference. These species are either
undescribed, or belong to speciose genera
which need to be revised before species
identifications can be undertaken.

Outgroup sampling is also of outstanding
importance in a comprehensive phylogenetic
analysis. Monophyly of Heterodactyla has
been corroborated in a number of analyses
(e.g., Yeates, 2002; Yeates and Wiegmann,
2005) and Eremoneura is indisputably a clade
(e.g., Grimaldi and Engel, 2005; Yeates and
Wiegmann, 2005; Sinclair and Cumming,
2006), so only 16 species representing the
Asiloidea have been used as outgroup taxa to
polarize the ingroup data (table 2). Neor-
hynchocephalus volaticus (Williston, 1883)
(Nemestrinoidea: Nemestrinidae: Trichopsi-
deinae) is included to represent a taxon
outside of Asiloidea and Heterodactyla and
is always used as the root of the cladograms
presented below. Although the present paper
is primarily intended to shed light on the
phylogenetic relationships within the Asili-
dae, it also aims to provide a hypothesis of
the sister taxon to Asilidae. Therefore special
attention is given to include a number of
Apioceridae and Mydidae species, which had
historically been discussed as probable sister
taxa to Asilidae (see Introduction).

Institutions providing specimens are listed
below, together with the abbreviations of the
depositories and the people who kindly
assisted in lending the specimens:

AMNH American Museum of Natural
History, New York City, New
York

AMS Australian Museum, Sydney,
New South Wales, Australia
(D. Bickel, D. Britton)

ANIC Australian National Insect Col-
lection, Canberra, Australian
Capital Territory, Australia (C.
Lambkin, D. Yeates)
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TABLE 2
Exemplar species of Asilidae and outgroup taxa in the present analysis

Arrangement of genera within subfamily taxa of Asilidae follows Geller-Grimm (2004). Abbreviations: Tg 5
type genus of family-group name; Tsp 5 type species of genus; U 5 E. Fisher unpublished (CSCA); Generic
groups sensu Artigas and Papavero (1997): EF 5 Efferia Group, EI 5 Eichoichemus Group, G 5
Glaphyropyga Group, L 5 Lochmorhynchus Group, MA 5 Mallophora Group, MY 5 Myaptex Group, P 5
Proctacanthus Group

Subfamily taxon:

Tribal taxon Species Depository

Country

of origin Notes

Apocleinae: Apocleini Apoclea algira (Linnaeus, 1767) CODI,

COGG

Tunisia Tg; Tsp

Apocleinae Blepharotes splendidissimus (Wiedemann, 1830) ANIC Australia Tsp

Apocleinae Dasophrys crenulatus Londt, 1981 NMSA South Africa

Apocleinae Eichoichemus pyrrhomystax (Wiedemann,

1828)

AMNH

CAS

Brazil EI

Apocleinae Lochmorhynchus albicans (Carrera and

Andretta, 1953)

AMNH Peru L

Apocleinae Megaphorus pulchrus (Pritchard, 1935) CUIC USA MA

Apocleinae Myaptex brachyptera (Philippi, 1865) UCCC Chile MY

Apocleinae Neolophonotus bimaculatus Londt, 1986 NMSA South Africa Londt,

2004

Apocleinae Nomomyia murina (Philippi, 1865) UCCC Chile Tsp; G

Apocleinae Philodicus tenuipes Loew, 1858 NMSA South Africa

Apocleinae Pogonioefferia pogonias (Wiedemann, 1821) CODI USA Tsp; EF

Apocleinae Proctacanthus philadelphicus Macquart, 1838 CUIC USA Tsp; P

Apocleinae Promachus amastrus (Walker, 1849) NMSA South Africa

Asilinae: Asilini Asilus crabroniformis Linnaeus, 1758 AMNH Italy Tsp; Tg

Asilinae: Asilini Asilus sericeus Say, 1823 CUIC USA

Asilinae: Asilini Satanas gigas (Eversmann, 1855) ZSMC Syria Tsp

Asilinae: Lycomyini Lycomya germainii Bigot, 1857 UCCC Chile Tsp; Tg

Asilinae: Machimini Machimus chrysitis (Meigen, 1820) COGG Italy,

Switzerland

Tsp; Tg

Asilinae: Machimini Machimus occidentalis (Hine, 1909) CODI USA homonym

Asilinae: Neomochtherini Afromochtherus mendax (Tsacas, 1969) NMSA South Africa

Asilinae: Neomochtherini Dysmachus trigonus (Meigen, 1804) CODI Germany Tsp

Asilinae: Neomochtherini Neomochtherus pallipes (Meigen, 1820) CODI,

COGG

Italy, Germany Tsp; Tg

Asilinae: Philonicini Philonicus albiceps Loew, 1849 CODI Germany Tsp; Tg

Asilinae Clephydroneura sundaica (Jaennicke, 1867) CAS,

USNM

India, Thailand

Asilinae Clephydroneura sp. (Kepong) CODI Malaysia

Asilinae Colepia rufiventris (Macquart, 1838) ANIC Australia Tsp

Asilinae Congomochtherus inachus Londt and Tsacas,

1987

NMSA South Africa

Asilinae Heligmonevra laevis Engel, 1927 NMSA South Africa homonym

Asilinae Neoitamus cyanurus (Loew, 1849) CODI,

COGG

Germany Tsp

Asilinae Threnia carbonaria (Wiedemann, 1828) AMNH

USNM

Brazil Tsp

Asilinae Tolmerus atricapillus (Fallén, 1814) CODI,

COGG

Germany

Asilinae Zosteria rosevillensis (Hardy, 1935) ANIC Australia

Dasypogoninae: Blepharepiini Blepharepium cajennensis (Fabricius, 1787) AMNH British Guyana,

Peru

Tg

Dasypogoninae: Brachyrhopalini Brachyrhopala ruficornis Macquart, 1847 ANIC Australia Tsp; Tg

Dasypogoninae: Brachyrhopalini Cabasa pulchella (Macquart, 1846) ANIC Australia Tsp

Dasypogoninae: Chrysopogonini Chrysopogon pilosifacies Clements, 1985 ANIC Australia Tg

Dasypogoninae: Cyrtophryina Cyrtophrys attenuatus (Loew, 1851) MZSP Brazil Tsp; Tg
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Subfamily taxon:

Tribal taxon Species Depository

Country

of origin Notes

Dasypogoninae: Cyrtophryina Deromyia fuscipennis (Blanchard, 1852) UCCC,

USNM

Chile Tsp

Dasypogoninae: Dasypogonini Austrosaropogon nigrinus (Macquart, 1850) AMS, ANIC Australia

Dasypogoninae: Dasypogonini Dasypogon diadema Meigen, 1803 CODI Germany Tsp; Tg

Dasypogoninae: Dasypogonini Lestomyia fraudiger Williston, 1883 CAS USA

Dasypogoninae: Lagodiina Pegesimallus laticornis (Loew, 1858) NMSA South Africa Tg

Dasypogoninae: Lastauracini Diogmites grossus Bromley, 1936 CODI USA

Dasypogoninae: Lastauracini Neodiogmites melanogaster (Wiedemann, 1821) MZSP Brazil Tsp; Tg

Dasypogoninae: Megapodini Megapoda labiata (Fabricius, 1805) MZSP Brazil Tg

Dasypogoninae: Megapodini Pseudorus distendens (Wiedemann, 1838) USNM Panama

Dasypogoninae: Molobratiini Molobratia teutonus (Linnaeus, 1767) COGG Bulgaria Tsp; Tg

Dasypogoninae: Saropogonini Saropogon dispar Coquillett, 1902 BYU USA Tg

Dasypogoninae: Saropogonini Saropogon luteus Coquillett, 1904 AMNH USA

Dasypogoninae: Senobasina Senobasis corsair Bromley, 1951 CSCA Panama Tg

Dasypogoninae: Thereutriini Thereutria amaraca (Walker, 1949) AMNH

ANIC

Australia Tsp; Tg

Dasypogoninae Cophura brevicornis (Williston, 1883) CUIC USA

Dasypogoninae Leptarthrus brevirostris (Meigen, 1804) CODI Germany Tsp

Dasypogoninae Nicocles politus (Say, 1823) CUIC USA

Dioctriinae: Dioctriini Broticosia paramonovi Hull, 1962 AMS, ANIC Australia - only

Dioctriinae: Dioctriini Dioctria atricapillus Meigen, 1804 COGG,

CODI

Germany Tg

Dioctriinae: Dioctriini Dioctria hyalipennis (Fabricius, 1794) CODI USA

Dioctriinae: Dioctriini Dioctria rufipes (DeGeer, 1776) CODI,

COGG

Germany

Dioctriinae: Dioctriini Nannodioctria sp. (formicaphaga) CSCA USA U

Dioctriinae: Echthodopini Dicolonus simplex Loew, 1866 USNM USA Tsp

Dioctriinae: Echthodopini Echthodopa pubera Loew, 1866 CUIC,

USNM

USA Tsp; Tg

Dioctriinae: Echthodopini Eudioctria albius (Walker, 1849) AMNH Canada, USA Tsp

Laphriinae: Andrenosomatini Andrenosoma cyrtoxys Séguy, 1952 COGG France, Greece,

Spain

Tg

Laphriinae: Andrenosomatini Dasyllis funebris Artigas, Papavero, and

Pimentel 1988

CSCA Costa Rica,

Panama

Laphriinae: Andrenosomatini Hyperechia nigripennis (Wiedemann, 1830) NMSA South Africa

Laphriinae: Andrenosomatini Pilica formidolosa (Walker, 1860) CSCA Costa Rica,

Panama

Laphriinae: Andrenosomatini Proagonistes praeceps (Walker, 1855) NMSA South Africa Tsp

Laphriinae: Atomosiini Aphestia annulipes (Macquart, 1838) MZSP Brazil Tsp

Laphriinae: Atomosiini Atomosia puella (Wiedemann, 1828) AMNH USA Tg

Laphriinae: Atomosiini Cerotainia albipilosa Curran, 1930 CUIC USA

Laphriinae: Atomosiini Goneccalypsis argenteoviridis (Hermann, 1907) NMSA Malawi Tsp

Laphriinae: Atomosiini Loewinella nigripes Engel, 1929 NMSA Mozambique

Laphriinae: Ctenotini Lamyra gulo (Loew, 1851) NMSA Namibia, South

Africa

Tsp

Laphriinae: Ctenotini Stiphrolamyra angularis (Loew, 1858) NMSA South Africa

Laphriinae: Dasytrichini Orthogonis scapularis (Wiedemann, 1828) CAS, USNM Philippines Tsp

Laphriinae: Dasytrichini Smeryngolaphria numitor (Osten-Sacken, 1877) USNM Panama

Laphriinae: Laphriini Choerades bella (Loew, 1858) NMSA South Africa

Laphriinae: Laphriini Lampria clavipes (Fabricius, 1805) AMNH British Guyana Tsp

Laphriinae: Laphriini Laphria flava (Linnaeus, 1761) CODI,

COGG

Germany Tg

Laphriinae: Laphriini Laphria aktis McAtee, 1919 CODI USA

Laphriinae: Laphriini Laxenecera albicincta Loew, 1852 CODI South Africa

TABLE 2
(Continued)
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Subfamily taxon:

Tribal taxon Species Depository

Country

of origin Notes

Laphriinae: Laphriini Maira aenea (Fabricius, 1805) USNM Papua New

Guinea

Laphriinae: Laphriini Nusa infumata (Loew, 1851) NMSA South Africa

Laphystiinae: Hoplistomerini Hoplistomerus nobilis Loew, 1858 CODI South Africa Tg

Laphystiinae: Laphystiini Laphystia aegyptiaca Efflatoun, 1937 COGG Tunisia Tg

Laphystiinae: Laphystiini Laphystia tolandi Wilcox, 1960 CODI USA

Laphystiinae Perasis transvaalensis Ricardo, 1925 NMSA South Africa

Laphystiinae Protometer sp. (El Tuparro) CSCA Colombia

Laphystiinae Psilocurus modestus (Williston, 1893) CUIC,

USNM

USA

Laphystiinae Trichardis effrena Londt, 2008 CODI South Africa Tsp

Laphystiinae Zabrops tagax (Williston, 1883) USNM USA Tsp

Leptogastrinae: Leptogastrini Leptogaster cylindrica (DeGeer, 1776) CODI Germany Tsp; Tg

Leptogastrinae: Leptogastrini Leptogaster arida Cole, 1919 CSCA USA

Leptogastrinae Beameromyia bifida (Hardy, 1942) FSCA USA

Leptogastrinae Euscelidia pulchra Dikow, 2003 NMSA South Africa

Leptogastrinae Lasiocnemus lugens Loew, 1858 NMSA South Africa

Leptogastrinae Tipulogaster glabrata (Wiedemann, 1828) AMNH USA Tsp

Ommatiinae: Ommatiini Afroestricus chiastoneurus (Speiser, 1910) CODI South Africa

Ommatiinae: Ommatiini Ommatius incurvatus Scarbrough, 1993 AMNH Costa Rica Tg

Ommatiinae: Ommatiini Ommatius tibialis Say, 1823 CUIC USA

Ommatiinae Cophinopoda chinensis (Fabricius, 1794) USNM India

Ommatiinae Emphysomera conopsoides (Wiedemann, 1828) CAS Taiwan Tsp; -
only

Ommatiinae Emphysomera pallidapex (Bigot, 1891) CODI South Africa

Ommatiinae Michotamia aurata (Fabricius, 1794) USNM India

Stenopogoninae: Acronychini Acronyches maya Martin, 1968 CSCA Costa Rica Tg

Stenopogoninae: Bathypogonini Bathypogon nigrinus Ricardo, 1912 ANIC Australia Tg

Stenopogoninae: Ceraturgini Ceraturgus fasciatus (Walker, 1849) CUIC USA Tg

Stenopogoninae: Ceraturgini Myelaphus melas (Bigot, 1882) CSCA USA

Stenopogoninae: Cyrtopogonini Ablautus coquilletti Wilcox, 1935 CODI USA

Stenopogoninae: Cyrtopogonini Afroholopogon peregrinus (Engel, 1929) NMSA South Africa

Stenopogoninae: Cyrtopogonini Cyrtopogon lateralis (Fallén, 1814) COGG Germany Tg

Stenopogoninae: Cyrtopogonini Cyrtopogon rattus Osten-Sacken, 1877 CODI USA

Stenopogoninae: Cyrtopogonini Dasycyrton gibbosus Philippi, 1865 UCCC Chile Tsp

Stenopogoninae: Cyrtopogonini Heteropogon manicatus (Meigen, 1820) COGG France

Stenopogoninae: Cyrtopogonini Holopogon priscus (Meigen, 1820) CODI Poland

Stenopogoninae: Cyrtopogonini Metapogon punctipennis Coquillett, 1904 CAS USA

Stenopogoninae: Cyrtopogonini Nannocyrtopogon lestomyiformis Wilcox and

Martin, 1936

CAS USA

Stenopogoninae: Cyrtopogonini Rhabdogaster pedion Londt, 2006 NMSA South Africa

Stenopogoninae:

Enigmomorphini

Archilestris magnificus (Walker, 1854) AMNH Mexico

Stenopogoninae:

Enigmomorphini

Creolestes nigribarbis (Philippi, 1865) UCCC Chile Tsp

Stenopogoninae:

Enigmomorphini

Microstylum sp. (Karkloof) NMSA South Africa

Stenopogoninae:

Enigmomorphini

Prolepsis tristis (Walker, 1851) CUIC USA

Stenopogoninae: Phellini Obelophorus terebratus (Macquart, 1850) CUIC Chile Tsp

Stenopogoninae: Phellini Phellus olgae Paramonov, 1953 ANIC Australia Tg

Stenopogoninae: Plesiommatini Plesiomma sp. (Guanacaste) AMNH

CSCA

Costa Rica Tg

Stenopogoninae: Stenopogonini Acnephalum cylindricum Oldroyd, 1974 NMSA South Africa

Stenopogoninae: Stenopogonini Ancylorhynchus fulvicollis (Bigot, 1879) NMSA South Africa - only

TABLE 2
(Continued)
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Subfamily taxon:

Tribal taxon Species Depository

Country

of origin Notes

Stenopogoninae: Stenopogonini Daspletis stenoura Londt, 1983 NMSA South Africa

Stenopogoninae: Stenopogonini Gonioscelis ventralis Schiner, 1867 NMSA South Africa

Stenopogoninae: Stenopogonini Lycostommyia albifacies (Hermann, 1907) NMSA South Africa Tsp

Stenopogoninae: Stenopogonini Oligopogon sp. (Cape Recife) NMSA South Africa

Stenopogoninae: Stenopogonini Ospriocerus aeacus (Wiedemann, 1828) CUIC USA Tsp

Stenopogoninae: Stenopogonini Scleropogon subulatus (Wiedemann, 1828) CUIC USA

Stenopogoninae: Stenopogonini Scylaticus costalis (Wiedemann, 1819) NMSA South Africa

Stenopogoninae: Stenopogonini Sisyrnodytes sp. (Gamka) NMSA South Africa

Stenopogoninae: Stenopogonini Stenopogon sabaudus (Fabricius, 1794) CODI,

USNM

France Tsp; Tg

Stenopogoninae: Stenopogonini Stenopogon rufibarbis Bromley, 1931 AMNH

CSCA

USA

Stenopogoninae: Tillobromatini Tillobroma punctipennis (Philippi, 1865) UCCC Chile Tsp; Tg

Stenopogoninae: Tillobromatini Coleomyia setigera Cole in Cole and Lovett, 1919 USNM USA Tsp

Stenopogoninae: Tillobromatini Hypenetes stigmatias Loew, 1858 NMSA South Africa Tsp

Stenopogoninae: Willistoninini Willistonina bilineata (Williston, 1884) AMNH

USNM

USA Tsp; Tg

Stenopogoninae Codula limbipennis Macquart, 1850 ANIC Australia Tsp

Stenopogoninae Connomyia varipennis (Ricardo, 1925) CODI South Africa

Stenopogoninae Trichoura sp. (Tierberg) NMSA South Africa

Stichopogoninae: Stichopogonini Stichopogon elegantulus (Wiedemann, 1820) COGG Tunisia Tsp; Tg

Stichopogoninae: Stichopogonini Stichopogon punctum Loew, 1851 NMSA South Africa

Stichopogoninae: Stichopogonini Stichopogon trifasciatus (Say, 1823) CUIC USA

Stichopogoninae Lasiopogon aldrichii Melander, 1923 AMNH USA

Stichopogoninae Lasiopogon cinctus (Fabricius, 1781) CODI Germany

Stichopogoninae Lissoteles aquilonius Martin, 1961 AMNH Mexico

Stichopogoninae Townsendia albomacula Martin, 1966 CSCA Mexico

Trigonomiminae: Trigonomimini Trigonomima sp. (anamaliensis) CSCA India Tg; U

Trigonomiminae: Xenomyzini Damalis annulata Loew, 1858 NMSA South Africa Tg

Trigonomiminae: Xenomyzini Damalis monochaetes Londt, 1989 NMSA South Africa

Trigonomiminae: Xenomyzini Damalis sp. (Palatupana) USNM Sri Lanka

Trigonomiminae Holcocephala abdominalis (Say, 1823) CODI USA Tsp

Trigonomiminae Holcocephala calva (Loew, 1872) CODI USA

Trigonomiminae Rhipidocephala sp. (Harold Johnson) NMSA South Africa

Apioceridae Apiocera (Pyrocera) aldrichi Painter, 1936 AMNH USA outgroup

Apioceridae Apiocera (Pyrocera) painteri Cazier, 1963 AMNH

CODI

USA outgroup

Apsilocephalidae Apsilocephala longistyla Kröber, 1914 CODI USA outgroup

Bombyliidae: Bombyliinae Bombylius major Linnaeus, 1758 AMNH USA outgroup

Bombyliidae: Phthiriinae Poecilognathus sp. (El Hacha) AMNH Costa Rica outgroup

Mydidae: Diochlistinae Mitrodetus dentitarsis (Macquart, 1850) AMNH Chile outgroup

Mydidae: Ectyphinae Opomydas townsendi (Williston, 1898) AMNH

CODI

USA outgroup

Mydidae: Leptomydinae Nemomydas brachyrhynchus (Osten-Sacken, 1889) CODI USA outgroup;

- only

Mydidae: Leptomydinae Pseudonomoneura hirta (Coquillett, 1904) AMNH USA outgroup

Mydidae: Megascelinae Neorhaphiomidas sp. (Mandurah) ANIC Australia outgroup

Mydidae: Mydinae Mydas clavatus (Drury, 1773) AMNH USA outgroup

Mydidae: Rhaphiomidinae Rhaphiomidas maehleri Cazier, 1941 AMNH USA outgroup

Mydidae: Syllegomydinae Afroleptomydas sp. (Clanwilliam) CODI South Africa outgroup

Nemestrinidae: Trichopsideinae Neorhynchocephalus volaticus (Williston, 1883) AMNH USA outgroup

Scenopinidae: Proratinae Prorates sp. (Escalante) CODI USA outgroup

Therevidae: Phycinae Phycus frommeri Webb and Irwin, 1988 CODI USA outgroup

Therevidae: Xestomyzinae Hemigephyra atra Lyneborg, 1972 CODI South Africa outgroup

TABLE 2
(Continued)

2009 DIKOW: PHYLOGENY OF ASILIDAE 17



BYU Monte L. Bean Life Science
Museum, Brigham Young Uni-
versity, Provo, Utah (R. Nelson)

CAS California Academy of Sciences,
San Francisco, California (C.
Griswold)

CODI Collection of Torsten Dikow,
New York City, New York

COGG Collection of Fritz Geller-
Grimm, Frankfurt am Main,
Hessen, Germany

CSCA California State Collection of
Arthropods, Sacramento, Cali-
fornia (E. Fisher)

CUIC Cornell University Insect Collec-
tion, Ithaca, New York (J. Lieb-
herr, E. Hoebeke)

FSCA Florida State Collection of Ar-
thropods, University of Florida,
Gainesville, Florida (G. Steck)

MZSP Museu de Zoologia da Universi-
dade de São Paulo, São Paulo,
Brazil (C. Lamas)

NMSA Natal Museum, Pietermaritz-
burg, KwaZulu-Natal, South
Africa (J. Londt)

UCCC Museo de Zoologia, Universidad
de Concepción, Concepción,
Chile (J. Artigas)

USNM United States National Museum,
Smithsonian Institution, Wa-
shington, DC (F. Thompson)

ZSMC Zoologische Staatssammlung,
München, Bayern, Germany
(M. Kotrba)

PHYLOGENETIC ANALYSIS

MacClade (version 4.08, Maddison and
Maddison, 2005) is used to enter the data and
visualize cladograms found by the parsimony
analysis. WinClada (version 0.9.99.88beta,
Nixon, 2001) is used to evaluate character
optimization/distribution and length of clad-
ograms. The nomenclature for character
optimizations applied follows WinClada,
i.e., unambiguous, slow (5 DELTRAN of
MacClade), and fast (5 ACCTRAN of
MacClade). The parsimony analysis is con-
ducted in TNT (version 1.0 [July 2004],
Goloboff et al., 2001) under UNIX on a
1.33 GHz Apple PowerBook G4 computer.

The following provides the commands issued
to search for the most parsimonious trees: log
‘file name’; mxram 200; proc ‘file name’;
tsave* ‘file name’; hold 150000; mult300;
ratchet5iter1500; drift5iter1500; save; nel-
sen*; save/; log/; (explanation of commands:
open log file, set RAM to 200 MB, read
matrix, open tree file, hold up to 150000 trees
in memory, build 300 random addition
sequence Wagner trees and perform TBR
branch swapping (RAS+TBR), do 1500
iterations of the parsimony ratchet (Nixon,
1999), do 1500 iterations of tree drifting
(Goloboff, 1999), save all trees, do strict
consensus, save strict consensus as last tree to
file and close tree file, close log file). Bremer
support (Bremer, 1988, 1994) and relative
Bremer support (Goloboff and Farris, 2001)
are calculated in TNT. The Bremer support
search is done in an incremental way as
described by Giannini and Bertelli (2004)
searching for suboptimal trees of one step
longer than the most parsimonious tree, then
two steps longer, and so on up to eight steps
longer, holding an additional 5000 trees for
each replicate (commands in script used:
macro5; log ‘file name’; mxram200; proc
‘file name’; tsave* ‘file name’; var 99; set 99 1;
loop 1 8 subopt ‘99’; hold+5000; mult300;
ratchet5iter1500; drift5iter1500; set 99 ‘99’ +
1; stop save; bsupport51; bsupport]; save/;
log/; proc/; note: the number 99 is only a
name for the variable and the set and does
not affect the calculations). This search is
started with the command ‘‘run ‘file name’’’
and followed the same exhaustiveness as the
searches for most parsimonious trees to
sample the tree space as thoroughly as
possible for suboptimal topologies. Relative
Bremer support takes character conflict into
account and provides a proportion as indi-
cated in percent of the number of characters
supporting a clade versus the number of
characters contradicting the clade (Goloboff
and Farris, 2001; Giannini and Bertelli,
2004).

FIGURE ABBREVIATIONS FOR

MORPHOLOGICAL CHARACTERS

The following abbreviations are found in
the figures:
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anatg 5 anatergite; anepm 5 anepimeron
(mesothoracic); anepst 5 anepisternum (me-
sothoracic); ant bas 5 anterior basalare; aprn
5 antepronotum; ax cord 5 axillary cord;
cerc 5 cercus/i; cerv scl 5 cervical sclerite; cx
5 coxa; d 5 dorsal; d aed shea 5 dorsal
aedeagal sheath; ej apod 5 ejaculatory
apodeme; epand 5 epandrium; fem 5 fe-
mur/femora; goncx 5 gonocoxite; gonst 5
gonostylus/i; hlt 5 halter/es; hypand 5
hypandrium; hyphar 5 hypopharynx; kepm
5 katepimeron (mesothoracic); kepst 5
katepisternum (mesothoracic); ktg 5 kata-
tergite; lat 5 lateral; lat ej proc 5 lateral
ejaculatory process; lat pr gonst 5 lateral
process/es of gonostyli; lbl 5 labella (labium);
lbr 5 labrum; mes 5 mesothoracic; mes pnot
5 mesopostnotum; mes spr 5 mesothoracic
spiracle; mes wg 5 mesothoracic wing; met 5
metathoracic; met spr 5 metathoracic spira-
cle; mr 5 meron; mtanepst 5 metanepister-
num; mtepm 5 metepimeron; mtkepst 5
metkatepisternum; mtn 5 metanotum; mx
5 maxilla; plr wg proc 5 pleural wing
process; post bas 5 posterior basalare; post
ment 5 postmentum (labium); pprn 5 post-
pronotum; pprn lb 5 postpronotal lobe; pr
epand 5 proximal part of epandrium; prepm
5 proepimeron; prepst 5 proepisternum; pre
ment 5 prementum (labium); pro 5 protho-
racic; sct 5 scutum (mesonotum); sctl 5
scutellum (mesothoracic); sur 5 surstylus/i;
trn sut 5 transverse suture; troch 5 trochan-
ter; v aed shea 5 ventral aedeagal sheath.

CHARACTER ANALYSIS

Many of the characters employed here
have been applied implicitly or explicitly in
morphological and classificatory studies on
Asilidae by previous authors. Of particular
relevance are the studies by Hermann (1912,
1920), Melin (1923), Hardy (1927a, 1930,
1944, 1948), Reichardt (1929), Karl (1959),
Hull (1962), Martin (1968), Papavero
(1973a), and Theodor (1976). Additional
morphological studies of other Diptera taxa
containing useful information on characters
were published by Hennig (1954, 1972, 1973,
1976), Woodley (1989), Sinclair et al. (1994),
Yeates (1994), and Yeates and Irwin (1996).
Many informative character complexes have
emerged only during the detailed study of the

many robber-fly species represented in the
present analysis. The data matrix of 220
discrete, morphological features of imagines
compiled from 175 species (158 Asilidae
species and 17 outgroup species) is presented
in appendix 1. Characters 1–67 pertain to
structures of the head, characters 68–127 to
thoracic structures including the legs, and
characters 128–150 deal with structures of the
wing. Characters 151–220 code for features
of the abdomen, of which nine (characters
151–159) involve both females and males as
semaphoronts and the remaining are divided
into female (characters 160–185) and male
(characters 185–220) structures. Characters 3
(vertex shape) and 128 (anterior margin of
wings) are considered only in females and
males, respectively. The majority of charac-
ters are binary (114 characters) and 106
characters are multistate. Thirty-one of the
multistate characters could be considered to
be part of an evolutionary transformation
series (see table 8 and Discussion). All
characters are treated as nonadditive (unor-
dered), i.e., no constraints on evolutionary
transformation sequences are imposed, and
are parsimony informative. Following each
character-state list, the optimization of the
particular character on one of the most
parsimonious cladograms (fig. 118) is pro-
vided, i.e., length in steps, consistency index
(CI), and retention index (RI). A short
character description and comments on the
character-state distribution among the stud-
ied robber flies and Asiloidea is provided.
Taxon names, e.g., Andrenosomatini and
Willistonininae, refer to the concept of the
newly proposed classification outlined in the
Results section and summarized in table 6 to
minimize confusion of the use of previous
and new delimitations of taxa. Due to the
nature of the exemplar approach employed
here, the presence/absence of particular
character states is based only on the species
represented in the present analysis and no
general statement of the distribution of
character states in yet unstudied congeneric
species is taken into consideration. This can
be done only by including additional species
in a larger, more comprehensive analysis
using all characters employed here. Tables 2
and 6 list all included species and genera,
respectively, with author and year of descrip-
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tion and this information is omitted below.
For outgroup taxa, the family name is always
added in parentheses to the species name and
when listed by itself refers only to the
respective species included in the present
study.

HEAD

1. SHAPE OF HEAD: (0) wider than high; (1)
circular (as wide as high) (length 5 2; CI 5
0.50; RI 5 0.80). The head of Asilidae is
usually wider than high in anterior view
(state 0; figs. 26–28). In Broticosia paramo-
novi (Dioctriinae) and Gonioscelis ventralis,
Ospriocerus aeacus, Scleropogon subulatus,
and Stenopogon species (all Stenopogoninae),
the head is circular in anterior view (state 1;
fig. 29). Among the outgroup taxa, the head
is always wider than high (state 0).

2. COMPOUND EYE SEPARATION: (0) females
and males dichoptic; (1) females dichoptic
and males holoptic (length 5 1; CI 5 1.00;
RI 5 1.00). In Asilidae both genders possess
dichoptic compound eyes (state 0; figs. 26–
29). Among the outgroup taxa, the com-
pound eyes of male representatives of Bom-
byliidae, Nemestrinidae, and Scenopinidae
are holoptic (state 1).

3. VERTEX SHAPE BETWEEN COMPOUND EYES

(IN DICHOPTIC FEMALES): (0) vertex and
compound eyes at same level; (1) vertex
slightly depressed (less than 60u angle on
median margin of compound eyes); (2) vertex
sharply depressed (90u angle on median
margin of compound eyes) (length 5 26; CI
5 0.07; RI 5 0.60). Hardy (1927a), Hennig
(1973), and Oldroyd (1974a) discussed the
depressed vertex in Asilidae and Mydidae.
Woodley (1989) postulated the depressed

Figs. 26–30. Heads in frontal view. 26. Holcocephala calva (Trigonomiminae). 27. Stichopogon
trifasciatus (Stichopogoninae). 28. Clephydroneura sp. (Kepong) (Asilinae). 29. Gonioscelis ventralis
(Stenopogoninae). 30. Opomydas townsendi (Mydidae: Ectyphinae). Antennae and vestiture omitted. Scale
lines 5 1 mm.
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vertex in Mydidae as a possible autapomor-
phy and concluded that it has arisen inde-
pendently in robber flies and mydas flies.
Here, two different states for the depressed
vertex are considered. A slightly depressed
vertex is found in the majority of Asilidae
(state 1; figs. 26–27). A sharply depressed
vertex in which the median margin of the
compound eyes is at an angle of 90u is found
in Asilinae; most Dioctriinae; Laphriinae;
Ommatiinae; and some other species (state 2;
fig. 28). Among the outgroup taxa, the vertex
is at the same level as the compound eye in
most species (state 0), but in Mydidae, with
the exception of Neorhaphiomidas sp. (Man-
durah) and Rhaphiomidas maehleri, a slightly
depressed vertex is developed (state 1;
fig. 30).

4. EXTENT OF FACIAL SWELLING: (0) not
developed; (1) lower facial margin slightly
protruding; (2) extending over lower facial
half; (3) extending over lower three quarters;
(4) extending over entire face (length 5 60;
CI 5 0.06; RI 5 0.52). Most species of
Asilidae have a well-developed facial swelling
of varying extent on which the mystax is
situated (states 2, 3, 4). In Afroholopogon
peregrinus, Heteropogon manicatus, Holopo-
gon priscus, and Metapogon punctipennis (all
Brachyrhopalinae) and Trigonomiminae,
with the exception of Damalis annulata and
Damalis monochaetes, the face is not devel-
oped (state 0). In Leptogastrinae except
Acronyches maya; Stichopogoninae except
Lasiopogon species; Willistonininae except
Acnephalum cylindricum; and a few other
robber-fly species, only the lower facial
margin is slightly protruding (state 1).
Among the outgroup taxa, the face extends
over the entire height in Mydidae except
Neorhaphiomidas sp. (Mandurah) (state 4),
but not developed in the remaining outgroup
taxa (state 0).

5. DIVISION OF FACE: (0) entire, no division
evident; (1) divided, distinct ventral and
dorsal halves developed; (2) divided, promi-
nent ventral part and narrow dorsal part
developed (length 5 2; CI 5 1.00; RI 5
1.00). The face generally comprises a single
sclerite and no transverse subdivision is
evident (state 0; fig. 27). In species of
Holcocephala (Trigonomiminae) it is divided
into a ventral and a dorsal half of equal

extent (state 1; fig. 26). Among the outgroup
taxa, the face is usually undivided (state 0),
but in Mydidae, with the exception of
Neorhaphiomidas sp. (Mandurah) and Rha-
phiomidas maehleri, a large ventral part and a
narrow dorsal part are separated by a
transverse indentation (state 2; fig. 30).

6. MYSTAX: (0) absent; (1) present (length
5 4; CI 5 0.25; RI 5 0.70). The mystax is
considered to be an autapomorphic feature
of the Asilidae (Oldroyd, 1974a; Woodley,
1989) composed of as little as two setae just
dorsal of the fronto-clypeal suture to many
setae covering the entire face (see character
7). The only Asilidae species without any
mystacal setae is Pseudorus distendens (Da-
sypogoninae) (state 0). In Mydidae except
Neorhaphiomidas sp. (Mandurah), the face is
covered with macrosetae very similar in
arrangement and extent to assassin flies and
these species are therefore coded as possess-
ing a mystax (state 1). This has previously
been observed by Hardy (1927a) and Wood-
ley (1989), although neither author homolo-
gized the setae in mydas and robber flies.
Woodley (1989) stated that the mystax in
robber flies is composed of strong macrosetae
in contrast to other Diptera with only weak
facial setae, but many robber flies, e.g.,
species of Leptogastrinae and Trigonomimi-
nae, possess only very weak mystacal setae as
well. The facial setae in Mydidae are
separated medially by an asetose area, with
the exception of Mydas clavatus and Rha-
phiomidas maehleri, which is never found
among Asilidae species.

7. EXTENT OF MYSTAX: (0) restricted to
lower facial margin; (1) extending over lower
half; (2) extending over lower three quarters,
(3) extending over entire face (length 5 60;
CI 5 0.05; RI 5 0.46). The extent of the
mystacal setae is often associated with the
extent of the facial swelling (see character 4),
but in a number of species, e.g., Holopogon
priscus (Brachyrhopalinae) and Connomyia
varipennis (Stenopogoninae), the mystax cov-
ers the entire face while the facial swelling is
considerably less developed. In some Bra-
chyrhopalinae; many Dasypogoninae; Dioc-
triinae; Leptogastrinae; Stichopogoninae ex-
cept Lasiopogon species; and a few other
species the mystax is restricted to the lower
facial margin (state 0). All remaining char-
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acter states are found widely within the major
taxa of Asilidae. All outgroup taxa lacking a
mystax are coded as inapplicable (-).

8. SHAPE OF MYSTAX: (0) setae loosely
arranged; (1) setae tightly packed, forming
a distinct shield (length 5 2; CI 5 0.50; RI 5
0.80). The mystax is composed of loosely
arranged setae that extend anteriorly over the
proboscis (state 0). In Lissoteles aquilonius
and Stichopogon species (Stichopogoninae) as
well as Trichoura sp. (Tierberg) and Will-
istonina bilineata (Willistonininae), the medi-
an setae are closely arranged, forming a
shield covering the proboscis (state 1). All
outgroup taxa lacking a mystax are coded as
inapplicable (-).

9. CLYPEUS: (0) inverted U-shaped sclerite;
(1) inverted U-shaped sclerite, dorsal half
sclerotized to form a plate; (2) sclerites
extended medially, nearly forming a single
plate (length 5 7; CI 5 0.28; RI 5 0.37). In
Asilidae, the clypeus appears to be composed
of a single plate with a median longitudinal
suture (state 2; fig. 32). Among the outgroup
taxa, the same configuration is also found in
Apioceridae, Apsilocephalidae, Afroleptomy-
das sp. (Clanwilliam) (Mydidae), Scenopini-
dae, and Therevidae (state 2). In Poecilog-
nathus sp. (El Hacha) (Bombyliidae),
Mitrodetus dentitarsis, Nemomydas brachyr-
hynchus, Neorhaphiomidas sp. (Mandurah),
and Opomydas townsendi (all Mydidae), and

Nemestrinidae, the clypeus consists only of
an inverted U-shaped sclerite (state 0).
Bombylius major (Bombyliidae), Mydas cla-
vatus, Pseudonomoneura hirta, and Rhaphio-
midas maehleri (all Mydidae) possess an
inverted U-shaped sclerite with the dorsal
half forming a plate (state 1).

10. CLYPEAL-FACIAL MARGIN (FRONTO-
CLYPEAL SUTURE): (0) forming a distinct
ridge; (1) smoothly rounded, not particularly
pronounced (length 5 5; CI 5 0.20; RI 5
0.33). The clypeal-facial margin is usually
well developed and pronounced in Asilidae
(state 0; fig. 31). A smoothly rounded and
not particularly pronounced clypeal-facial
margin is found in Rhipidocephala sp. (Har-
old Johnson) and Trigonomima sp. (anama-
liensis) (Trigonomiminae) (state 1). Among
the outgroup taxa, state 1 is also found in
Apsilocephalidae, Nemestrinidae, Scenopini-
dae, and Therevidae.

11. MAXILLARY PALPUS: (0) one-segment-
ed; (1) two-segmented (length 5 17; CI 5
0.05; RI 5 0.81). The number of maxillary
palpomeres has been used extensively in
Asilidae classifications in the past, e.g., Karl
(1959), Hull (1962), Papavero (1973a), and
Oldroyd (1974a). In the identification key to
taxa provided by Hull (1962), it is used in the
first couplet to divide the Asilidae into two
large groups highlighting the diagnostic
usefulness of this character in separating

Figs. 31–32. Mouthparts. 31. Head of Apoclea algira (Asilinae) in lateral view. Labrum, maxillae, and
hypopharynx protruding from labium; stipites and maxillary palpus grey. For abbreviations see Materials
and Methods. 32. Head of Choerades bella (Laphriinae) in frontal view, clypeal sclerites grey. Vestiture
omitted. Scale lines 5 1 mm.

22 BULLETIN AMERICAN MUSEUM OF NATURAL HISTORY NO. 319



species of Asilidae. However, Oldroyd
(1974a) pointed out that it can be very
difficult to count the palpomeres because
genal setae often cover the maxillary palpi.
Therefore, the heads are macerated here to be
able to count the number of palpomeres
correctly. One-segmented palpi are found in
Asilinae; Bathypogoninae; Andrenosomatini,
Cerotainia albipilosa, Ctenotini, Goneccalyp-
sis argenteoviridis, Loewinella nigripes, Ortho-
gonis scapularis, and Smeryngolaphria numi-
tor (all Laphriinae); Leptogastrinae; Ommati-
inae; Townsendia albomacula (Stichopogoni-
nae); Trigonomiminae except Rhipidocephala
sp. (Harold Johnson); and a few other species
(state 0). Two-segmented palpi are found in
Brachyrhopalinae; most Dasypogoninae and
Dioctriinae; the remaining Laphriinae; Phel-
linae; Stenopogoninae, with the exception of
Daspletis stenoura and Microstylum sp.
(Karkloof); and Tillobromatinae (state 1).
Among the outgroup taxa, the one-segmented
palpi in Mydidae are interpreted as autapo-
morphic for this taxon by Woodley (1989)
(state 0). Apioceridae, Apsilocephalidae, Sce-
nopinidae, and Therevidae have two palpo-
meres (state 1) whereas Bombyliidae and
Nemestrinidae possess only a single palpo-
mere (state 0).

12. SENSORY PIT IN DISTAL PALPOMERE: (0)
absent; (1) present (length 5 15; CI 5 0.05;
RI 5 0.81). Sensory openings in palpomeres
are often found among ‘‘nematoceran’’ Dip-
tera. Yeates (1994) used this character in the
Bombyliidae and some species of Asilidae
possess a pit in the distal palpomere as well.
It is found in one-segmented as well as two-
segmented palpi (see character 11). A sensory
pit is present in Brachyrhopalinae, with the
exception of Afroholopogon peregrinus and
Dasycyrton gibbosus; Dasypogoninae, with
the exception of Pegesimallus laticornis,
Senobasis corsair, Megapoda labiata, and
Pseudorus distendens; Echthodopa pubera
(Dioctriinae); Hoplistomerus nobilis, Psilo-
curus modestus, Protometer sp. (El Tuparro),
and Trichardis effrena (all Laphriinae); Lep-
togastrinae; Stenopogoninae; with the excep-
tion of Daspletis stenoura and Microstylum
sp. (Karkloof), Stichopogoninae; Tillobro-
matinae; Trigonomima sp. (anamaliensis)
(Trigonomiminae); and Willistonininae (state
1). Among the outgroup taxa, sensory pits

are found in Apioceridae, Apsilocephalidae,
Bombylius major (Bombyliidae), Opomydas
townsendi (Mydidae), Scenopinidae, and
Therevidae (state 1). E. Fisher (personal
commun.) pointed out in his review of this
publication that Laphriinae (except Andre-
nosomatini and possibly Atomosiini) always
possess a sensory pit in contrast to my
observations. In this study, the heads have
been macerated to be able to examine the
palpi in detail; moreover, no SEM micro-
graphs were taken, which would have in-
creased the chances of detecting a pit. I do
not believe, although I cannot claim to know
the truth, that my possible miscodings of a
few Laphriinae species (and possibly other
species) would change the cladistic relation-
ships of the studied Asilidae species. I,
therefore, suggest that future studies pay
particular attention to this character and use
SEM micrographs to verify the presence/
absence of pits in the maxillary palpi.

13. DISTAL PALPOMERE: (0) cylindrical; (1)
laterally compressed (leaflike) (length 5 2; CI
5 0.50; RI 5 0.83). The distal palpomere is
usually cylindrical in Asilidae (state 0;
fig. 31). Fisher (1986) employed the laterally
compressed distal palpomere in species of
Andrenosomatini (Laphriinae) as an autapo-
morphic feature. State 1 is found in all
Andrenosomatini and Apioceridae and all
remaining taxa have a simple, cylindrical
distal palpomere (state 0).

14. STIPITES FUSION: (0) fused entirely
medially; (1) fused medially, but with V-
shaped indentation; (2) divided medially; (3)
not sclerotized (length 5 35; CI 5 0.08; RI 5
0.62). The stipites of the maxilla are two
separated sclerites bearing the maxillary palpi
in Diptera (McAlpine, 1981). In the Asilidae,
the stipites are large platelike sclerites at the
base of the proboscis (fig. 31) that can be
fused medially or divided medially. In most
Brachyrhopalinae, in Dasypogoninae, Lepto-
gastrinae, and Trigonomiminae, and in some
other species of various taxa the stipites are
fused medially and form a single sclerite
(state 0; fig. 34). In many Asilinae and
Laphriinae; Ommatiinae; Connomyia vari-
pennis, Creolestes nigribarbis, Daspletis ste-
noura, Microstylum sp. (Karkloof), and
Prolepsis tristis (all Stenopogoninae); Tillo-
bromatinae; and a few other species, the two
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stipites are fused only partly and a V-shaped
indentation is developed medially (state 1). In
some Asilinae; Bathypogoninae; Dioctriinae;
Laphriinae; Gonioscelis ventralis, Ospriocerus
aeacus, Scleropogon subulatus, and Stenopo-
gon species (all Stenopogoninae); Stichopo-
goninae; and other species the stipites are
divided medially and a longitudinal fissure is
evident that ends at the fusion line with the
postgenae (state 2; fig. 33). Among the out-
group taxa, some Mydidae and Therevidae
possess divided stipites (state 2) and the
stipites in Nemestrinidae are not sclerotized
(state 3).

15. STIPITES FUSION TO POSTGENAE: (0)
separated; (1) fused (length 5 3; CI 5 0.33;
RI 5 0.86). The medioventral area of the
posterior head of Diptera is formed by a
sclerotized hypostomal bridge and called the
postgenae (McAlpine, 1981). In Asilidae
except Holcocephala calva (Trigonomiminae),
the stipites are fused to the postgenae and
only the lateral apices are free (state 1;
figs. 33–34). Among the outgroup taxa, only
Apioceridae also possesses fused stipites and
postgenae (state 1) and in all other species the
stipites are separated from the postgenae
(state 0).

16. MEDIAL PROJECTION OF POSTGENAE: (0)
absent; (1) present (length 5 2; CI 5 0.50; RI
5 0.66). In general, the postgenae are flat
medially and this state is found in all Asilidae
(state 0). Among the outgroup taxa, Apio-

ceridae and Neorhaphiomidas sp. (Mandurah)
and Rhaphiomidas maehleri (Mydidae) pos-
sess a median projection on the postgenae
(state 1).

17. SHAPE OF PROBOSCIS: (0) straight; (1)
angled slightly and evenly ventrally; (2)
angled sharply ventrally and posteriorly; (3)
distal tip angled slightly and evenly dorsally
(length 5 5; CI 5 0.60; RI 5 0.33). Most
Asilidae species possess a more or less
straight proboscis (state 0; fig. 31), but in a
few species, the proboscis is angled dorsally
or ventrally. An evenly ventrally angled
proboscis is found in Archilestris magnificus
and Megapoda labiata (Dasypogoninae)
(state 1) and the distal tip is evenly angled
dorsally in Dasyllis funebris, Pilica formido-
losa, and Proagonistes praeceps (Laphriinae)
(state 3). Ancylorhynchus fulvicollis (Stenopo-
goninae) is unique in that the proboscis is
sharply angled ventrally and slightly posteri-
orly (state 2). Oldroyd (1974b) discussed the
function and morphology of the proboscis in
Ancylorhynchus in detail. Among the out-
group taxa, all species possess a straight
proboscis (state 0).

18. CROSS SECTION OF PREMENTUM PROXI-

MALLY: (0) circular; (1) dorsoventrally flat-
tened; (2) laterally compressed; (3) square; (4)
not sclerotized (length 5 14; CI 5 0.28; RI 5
0.78). The sclerotized labium in Asilidae
forms a ventral sheath surrounding the
maxillae and hypopharynx (fig. 31). In con-

Figs. 33–34. Heads in posterior view. 33. Stichopogon trifasciatus (Stichopogoninae). 34. Apoclea algira
(Asilinae). Occipital foramina grey; vestiture omitted. Scale lines 5 1 mm.

24 BULLETIN AMERICAN MUSEUM OF NATURAL HISTORY NO. 319



trast to Crampton (1942: fig. 2F) and Wood
(1981: 550), I consider the proximal part of
the labium to be the postmentum and not the
prementum (see fig. 31). In most Asilidae the
prementum is more or less circular in
diameter (state 0). A dorsoventrally flattened
prementum is found in Lycomya germainii
(Asilinae) and Andrenosomatini (Laphriinae)
(state 1). A laterally compressed prementum
is most pronounced in all Laphriini (Laph-
riinae; fig. 32) in which the proboscis appears
knifelike, but the prementum is also laterally
compressed although to a lesser degree in
Ceraturgus fasciatus, Chrysopogon pilosifa-
cies, and Codula limbipennis (all Brachyrho-
palinae); Dasypogoninae, with the exception
of Dasypogon diadema, Lestomyia fraudiger,
Saropogon species, and Threnia carbonaria;
Daspletis stenoura and Microstylum sp.
(Karkloof) (Stenopogoninae); Hypenetes
stigmatias (Tillobromatinae); and Trigono-
miminae, with the exception of Rhipidoce-
phala sp. (Harold Johnson) and Trigonomima
sp. (anamaliensis) (state 2). A square cross
section is found in Dioctria species and
Nannodioctria sp. (formicaphaga) (Dioctrii-
nae) (state 3). Among the outgroup taxa, an
unsclerotized prementum without a distinct
cross section is found in most species (state
4), with the exception of Bombyliidae,
Rhaphiomidas maehleri (Mydidae), and Ne-
mestrinidae, which have a circular premen-
tum (state 0).

19. VENTRAL DEVELOPMENT OF POSTMEN-

TUM: (0) ventral margin entirely smooth; (1)
median groove only in distal part; (2) median
groove on entire length (length 5 25; CI 5
0.08; RI 5 0.57). The postmentum, the

proximal part of the labium (fig. 31), is
usually smooth on its ventral surface and
appears platelike in Asilidae (state 0). A
median groove is developed in a number of
species and the extent of this groove is
variable. A short median groove restricted
to the distal postmentum is present in
Blepharotes splendidissimus (Asilinae); Bath-
ypogoninae; Ceraturgus fasciatus, Nannocyr-
topogon lestomyiformis, Nicocles politus, Me-
tapogon punctipennis, and Rhabdogaster
pedion (all Brachyrhopalinae); Blepharepium
cajennensis (Dasypogoninae); Dioctriinae ex-
cept Broticosia paramonovi; Andrenosoma
cyrtoxys, Dasyllis funebris, Hoplistomerus
nobilis, Perasis transvaalensis, Proagonistes
praeceps, and Smeryngolaphria numitor (all
Laphriinae); Phellinae; Stenopogoninae, with
the exception of Stenopogonini; Stichopogon
punctum (Stichopogoninae); and Willistoni-
ninae (state 1). A long median groove
extending over the entire length of the
postmentum is found in Austrosaropogon
nigrinus, Cophura brevicornis, Dasycyrton
gibbosus, and Holopogon priscus (all Brachyr-
hopalinae) and most Dasypogoninae (state
2). Among the outgroup taxa, state 2 is
also found in Therevidae. All remaining
outgroup taxa possess a smooth ventral
margin (state 0).

20. VENTRAL MARGIN OF POSTMENTUM: (0)
platelike, straight; (1) platelike, arched
(length 5 1; CI 5 1.00; RI 5 1.00). The
ventral margin of the postmentum is usually
straight in Asilidae (state 0; fig. 36) and only
Dioctria species and Nannodioctria sp. (for-
micaphaga) (Dioctriinae) possess an arched
postmentum (state 1; fig. 35). Among the

Figs. 35–38. Labia and maxillary palpus and lacinia in lateral view. 35. Dioctria atricapillus
(Dioctriinae) labium. 36. Choerades bella (Laphriinae) labium. 37. Colepia rufiventris (Asilinae) lacinia. 38.
Diogmites grossus (Dasypogoninae) lacinia. Vestiture omitted. Scale lines 5 1 mm.

2009 DIKOW: PHYLOGENY OF ASILIDAE 25



outgroup taxa, the postmentum is always
platelike and straight (state 0).

21. POST- AND PREMENTUM FUSION: (0) not
fused; (1) entirely fused (length 5 4; CI 5
0.25; RI 5 0.81). The post- and prementum
are generally separated by a membranous
area and appear not entirely fused in most
Asilidae (state 0; fig. 35). In Megapoda
labiata, Pseudorus distendens, and Senobasis
corsair (all Dasypogoninae), and Andreno-
somatini, Ctenotini, Laphriini, Hoplistomerus
nobilis, and Perasis transvaalensis (all Laph-
riinae), the post- and prementum are entirely
fused (state 1; fig. 36). Among the outgroup
taxa, post- and prementum are never fused
(state 0).

22. DORSAL FLANGE MEDIALLY ON PREMEN-

TUM: (0) absent; (1) present (length 5 22; CI
5 0.04; RI 5 0.50). The two median, dorsal
margins of the prementum can be elevated
and form a flange that can be seen easily in
lateral view. Most species of Asilidae lack
such a median flange, i.e., Asilinae except
Proctacanthus philadelphicus; Laphriinae;
Leptogastrinae; Ommatiinae; Stichopogoni-
nae except Lasiopogon aldrichii; Trigonomi-
minae except Damalis sp. (Palatupana); and
some other species (state 0). Many Brachyr-
hopalinae; Dasypogoninae; Stenopogoninae;
Willistonininae; and some other species
possess a dorsal flange (state 1). Among the
outgroup taxa, a dorsal flange is never
developed (state 0).

23. LABELLA: (0) well developed and
separated from prementum; (1) reduced,
fused to prementum only ventrally; (2)
reduced, fused to prementum entirely (length
5 13; CI 5 0.15; RI 5 0.84). In Diptera the
labella are generally enlarged lobes at the tip
of the proboscis that function to take up
liquids, yeasts, bacteria, spores, pollen, or
other fine particles for nutrition. Hennig
(1973) and Woodley (1989) recognized the
reduced labella and the fusion to the pre-
mentum as an autapomorphy of Asilidae
related to the predatory habit of the imagi-
nes. Upon close examination, it becomes
apparent that the labella are not always
entirely fused to the prementum, which has
been highlighted for Dioctriinae species by
Adisoemarto and Wood (1975), who used the
presence/absence of a ‘‘subapical notch’’
dividing the labella dorsally from the pre-

mentum as a character. In Asilinae; Bath-
ypogoninae; most Brachyrhopalinae; Omma-
tiinae; Phellinae; Stichopogoninae; and Willi-
stonininae; and most Stenopogoninae, the
labella are only partly fused to the premen-
tum (state 1; fig. 31). In Chrysopogon pilosi-
facies and Codula limbipennis (Brachyrhopa-
linae); Dasypogoninae, with the exception of
Dasypogon diadema, Lestomyia fraudiger,
Saropogon luteus, and Thereutria amaraca;
Laphriinae, with the exception of Laphystia
species, Laxenecera albicincta, Nusa infu-
mata, Orthogonis scapularis, Protometer sp.
(El Tuparro), Psilocurus modestus, Smeryn-
golaphria numitor, Trichardis effrena, and
Zabrops tagax; Leptogastrinae except Acro-
nyches maya; Daspletis stenoura and Micro-
stylum sp. (Karkloof) (Stenopogoninae); Hy-
penetes stigmatias and Lycostommyia
albifacies (Tillobromatinae); and Trigonomi-
minae, the labella are entirely fused to the
prementum (state 2; figs. 35–36). Among the
outgroup taxa, the labella and prementum
are always separated (state 0).

24. APEX OF LABELLA: (0) rounded; (1)
pointed; (2) blunt; (3) enlarged, pseudotra-
cheae present (length 5 23; CI 5 0.13; RI 5
0.76). In the Asilidae the sclerotized labella
can be of varying shape. In most species the
tip is simple and rounded, i.e., in most
Asilinae; Bathypogoninae; Leptogastrinae;
Ommatiinae; Phellinae; and Willistonininae
(state 0; fig. 31). A pointed proboscis is
found in most Brachyrhopalinae; Dasypogo-
ninae; Stenopogoninae; and Trigonomiminae
(state 1). Within Laphriinae, states (0), (1),
and (2) are found: Andrenosomatini, Atomo-
sia puella, and Perasis transvaalensis possess a
pointed proboscis (state 1), Ctenotini, Cer-
otainia albipilosa, Laphriini, Orthogonis sca-
pularis, and Smeryngolaphria numitor possess
a blunt tip (state 2; fig. 36; see also McAl-
pine, 1981; fig. 54), and the remaining taxa
possess a rounded tip (state 0). Among the
outgroup taxa, broadened labella with pseu-
dotracheae are developed (state 3).

25. LENGTH OF LABELLA: (0) small, only
forming distal tip of proboscis; (1) large,
occupying from one-third to one-half the
length of proboscis (length 5 25; CI 5 0.04;
RI 5 0.71). The length of the labella varies
considerably in Asilidae and two character
states are recognized here. Small labella,
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which only form the distal tip of the
proboscis, are found in Asilinae, with the
exception of Asilus crabroniformis, Blephar-
otes splendidissimus, Proctacanthus philadel-
phicus, and Satanas gigas; Bathypogoninae;
many Brachyrhopalinae; Leptogastrinae;
Ommatiinae; Stichopogoninae; and Willisto-
nininae, with the exception of Acnephalum
cylindricum and Sisyrnodytes sp. (Gamka)
(state 0; fig. 31). Large labella are found in
Dasypogoninae except Saropogon luteus;
Dioctriinae except Broticosia paramonovi;
most Laphriinae; Phellinae; Stenopogoninae;
Tillobromatinae; and Trigonomiminae (state
1; figs. 35–36). Among the outgroup taxa,
both character states are present.

26. EXTENT OF SENSORY SETAE ON PREMEN-

TUM AND LABELLA: (0) setae on prementum
and labella; (1) setae restricted to labella
(length 511; CI 5 0.09; RI 5 0.52). The
labella and sometimes also the prementum
possess sensory setae on the anterior, dorsal,
and ventral surfaces and the extent of these
setae varies among Asilidae. In general, the
setae are restricted to the labella (state 1), but
a few species, i.e., Cabasa pulchella, Ceratur-
gus fasciatus, Cophura brevicornis, Hetero-
pogon manicatus, Holopogon priscus, Nanno-
cyrtopogon lestomyiformis, Nicocles politus,
and Rhabdogaster pedion (all Brachyrhopali-
nae); Archilestris magnificus and Saropogon
luteus (Dasypogoninae); Broticosia paramo-
novi and Myelaphus melas (Dioctriinae); most
Laphriinae; and Coleomyia setigera, possess
setae on the labella and the prementum (state
0). All species in which the labella and
prementum are entirely fused (see character
23) are coded as inapplicable (-) because no
decision can be made concerning the border
between the structures. Among the outgroup
taxa, sensory setae are only developed on the
labella (state 1).

27. LACINIA LENGTH: (0) shorter than
labrum; (1) longer than labrum (length 5 3;
CI 5 0.33; RI 5 0.77). I follow Hennig (1973)
and McAlpine (1981) in naming the maxillary
blade (5 endite) of the maxilla the lacinia.
Martin (1968) stated that the maxillae of
Leptogastrinae are only very poorly devel-
oped, a finding not supported here. The length
of the lacinia does not vary among species of
Asilidae, where it is always longer than the
labrum (state 1), but in the outgroup taxa.

Mydidae, Scenopinidae, and Hemigephyra
atra (Therevidae) possess a shortened lacinia
that is shorter than the labrum (state 0).

28. SHAPE OF LACINIA (LATERAL VIEW): (0)
same height throughout; (1) proximally high,
distal tip distinctly narrower: (2) tapered
gradually toward tip (length 5 18; CI 5
0.11; RI 5 0.74). Melin (1923) illustrated the
laciniae of a number of robber flies and it can
be seen that the shape of the laciniae varies
greatly within Asilidae species. The laciniae
are of equal height throughout and only the
very distal tip might be narrowed as in
Asilinae, with the exception of Blepharotes
splendidissimus and Proctacanthus philadel-
phicus; Bathypogoninae; Dioctriinae; most
Laphriinae; Leptogastrinae; Ommatiinae;
most Stenopogoninae; Trigonomiminae; Til-
lobromatinae except Lycostommyia albifa-
cies; and Willistonininae (state 0; fig. 37). A
proximally high, distinctly narrowed lacinia
distally with a dorsal notch is found in most
Brachyrhopalinae; Dasypogoninae; Andre-
nosomatini except Dasyllis funebris and
Ctenotini (all Laphriinae); Phellinae; and a
few Stenopogoninae (state 1; fig. 38). A
gradually tapered lacinia is found in Blephar-
otes splendidissimus (Asilinae); Dasyllis fu-
nebris (Laphriinae); and Acnephalum cylin-
dricum (Willistonininae) (state 2). Among the
outgroup taxa, state 2 is also found in
Apsilocephalidae, Mydidae, Nemestrinidae,
and Phycus frommeri (Therevidae) whereas
all remaining species possess state 0. It is
sometimes difficult to distinguish between
states (1) and (2).

29. TIP OF LACINIA: (0) blunt; (1) pointed
(length 5 4; CI 5 0.25; RI 5 0.91). The tip of
the lacinia is generally pointed in Asilidae
(state 1; figs. 37–38), but in Asilinae, with the
exception of Asilus crabroniformis and Cole-
pia rufiventris; Ommatiinae; and Willistonina
bilineata (Willistonininae) the tip is blunt
(state 0; fig. 31). Among the outgroup taxa,
blunt laciniae occur (state 0).

30. HYPOPHARYNX: (0) only weakly scler-
otized; (1) heavily sclerotized (length 5 1; CI
5 1.00; RI 5 1.00). The unpaired hypophar-
ynx lies between the labrum and labium as a
tonguelike structure. It is generally weakly
sclerotized in Diptera, as is here found in all
outgroup taxa (state 0), and more heavily
sclerotized in blood sucking flies, e.g., Culic-
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idae, Tabanidae, and Pupiparia, and preda-
tory flies. Woodley (1989) recognized the
heavily sclerotized, needlelike hypopharynx
in all robber flies as an autapomorphy (state
1; figs. 39–41).

31. HYPOPHARYNX LENGTH: (0) short,
shorter than labium; (1) long, as long as
labium (length 5 2; CI 5 0.50; RI 5 0.92).
Yeates (1994) discussed the different lengths
of the hypopharynx in several Asiloidea taxa
and pointed out that it is relatively longer in
Asilidae. Asilidae is coded to possess a long
hypopharynx (state 1; fig. 31). Among the
outgroup taxa, the hypopharynx is as long as
the labium in Bombylius major (Bombyliidae)
and Nemestrinidae (state 1) whereas it is
shorter than the labium in all remaining taxa
(state 0).

32. SHAPE OF SCLEROTIZED HYPOPHARYNX:
(0) parallel-sided throughout, only distal tip
suddenly pointed; (1) parallel-sided in prox-
imal half, distal half much narrower; (2)
tapering gradually toward distal tip (length 5
15; CI 5 0.13; RI 5 0.76). The shape of the
hypopharynx varies within Asilidae and most
species have a parallel-sided hypopharynx
with a suddenly pointed tip, i.e., Asilinae;
Bathypogoninae; Dioctriinae, with the excep-
tion of Broticosia paramonovi and Myelaphus
melas; Laphriinae; Leptogastrinae; Ommatii-
nae; most Stenopogoninae; Stichopogoninae;
and Trigonomiminae (state 0; figs. 39–40). A

proximally parallel-sided and distally gradu-
ally tapering hypopharynx is found in most
Brachyrhopalinae; Dasypogoninae; Phelli-
nae; Tillobromatinae; and a few other species
(state 1; fig. 41). Among the outgroup taxa,
most species possess a gradually tapering
hypopharynx (state 2), with the exception of
Apioceridae and Nemestrinidae, which ex-
hibit state 0.

33. HYPOPHARYNX DORSAL PROTUBERANC-

ES: (0) absent; (1) present, seta-like spicules
spaced close together; (2) present, seta-like
spicules spaced far apart (length 5 4; CI 5
0.50; RI 5 0.91). Melin (1923) illustrated the
strong seta-like spicules on the dorsal margin
of the hypopharynx and called it ‘‘bristly
covering.’’ These spicules are only present in
Asilidae, but two different developments are
apparent. In the majority of species, they are
spaced close together (state 1; fig. 42), but in
Leptogastrinae; Plesiomma sp. (Guanacaste)
(Stenopogoninae); and Trichoura sp. (Tier-
berg) (Willistonininae) these spicules are
spaced far apart (state 2; fig. 43). Among the
outgroup taxa, spicules are absent (state 0).

34. LENGTH OF LABRUM: (0) long, as long
as labium (or nearly so); (1) short, at most
half the length of labium (length 5 1; CI 5
1.00; RI 5 1.00). All Asilidae possess a short
labrum that is at most half as long as the
labium (state 1; fig. 31) whereas all outgroup
taxa possess a long labrum (state 0).

Figs. 39–43. Hypopharynces in dorsal and lateral view. 39. Colepia rufiventris (Asilinae) dorsal. 40.
Acronyches maya (Leptogastrinae) dorsal. 41. Archilestris magnificus (Dasypogoninae) dorsal. 42.
Stenopogon rufibarbis (Stenopogoninae) tip in detail (lateral). 43. Acronyches maya tip in detail (lateral).
Spicules omitted from 39–41. Scale lines 5 1 mm.
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35. DORSOPOSTERIOR MARGIN OF CIBARIUM:
(0) simple, no particular ridge connecting
cornua; (1) one transverse ridge connecting
cornua, cornua originating from ridge; (2)
one transverse ridge connecting cornua,
cornua not originating from ridge (length 5
9; CI 5 0.22; RI 5 0.89). Yeates (1994)
pioneered the study of internal head struc-
tures across Asiloidea by illustrating the
cibarium and tentorium for many represen-
tatives. The cibarium functions as a food
pump and is associated with the hypophar-
ynx (Snodgrass, 1944; McAlpine, 1981). Its
shape varies within Asilidae and the trans-
verse ridges between the cornua (see charac-
ter 37) are absent only in Ctenotini (Laphrii-
nae); Cophinopoda chinensis (Ommatiinae);
Gonioscelis ventralis (Stenopogoninae); and
Willistonina bilineata (Willistonininae) (state
0; fig. 46). A single transverse ridge from
which the cornua originate is present in
Brachyrhopalinae; Dasypogoninae; Dioctrii-
nae; Laphriinae except Ctenotini; Acronyches
maya (Leptogastrinae); Phellinae; Stenopo-
goninae except Stenopogonini; Stichopogo-
ninae; Tillobromatinae; and Trigonomiminae
(state 1; fig. 47). In Asilinae; Bathypogoni-
nae; the remaining Leptogastrinae; Ommatii-
nae; and Stenopogoninae a single transverse
ridge is found, but the cornua do not
originate from this ridge (state 2). Among
the outgroup taxa, no transverse ridges are
developed (state 0).

36. SHAPE OF CIBARIUM: (0) trapezoidal; (1)
smoothly rounded; (2) dorsally narrow and
ventrally broad (length 5 2; CI 5 1.00; RI 5

1.00). Yeates (1994) found that the shape of
the cibarium varies within Asiloidea and all
Asilidae species he studied possess a trape-
zoidal cibarium. This is confirmed here and
only Asilidae have a trapezoidal cibarium
(state 0; figs. 46–47). Among the outgroup
taxa, all species possess a smoothly rounded
cibarium (state 1), with the exception of
Mydas clavatus (Mydidae), which has a
dorsally narrow and ventrally broad cibar-
ium (state 2; see figs. in Yeates, 1994).

37. DEVELOPMENT OF CORNUA OF CIBAR-

IUM: (0) well developed in anteroposterior
orientation; (1) well developed in dorsoven-
tral orientation; (2) reduced or absent (length
5 12; CI 5 0.16; RI 5 0.82). Melin (1923)
illustrated the cibarium (referred to as
pharynx) in lateral view, highlighting the
cornua pharyngis, i.e., the dorsolateral at-
tachment of the protractor muscles, which
can be oriented differently. Following Owsley
(1946), these muscle attachment projections
are here simply termed cornua. Martin (1968)
stated that all Leptogastrinae possess only
reduced cornua, a finding not supported
here. Yeates (1994) called the cornua ‘‘pos-
terior arms of cibarium’’ and discussed the
different orientation in Bombyliidae. In
Asilidae, the orientation varies as well and
in Asilinae; Holopogon priscus (Brachyrho-
palinae); Loewinella nigripes (Laphriinae);
Leptogastrinae, with the exception of Acro-
nyches maya and Beameromyia bifida; Om-
matiinae, with the exception of Cophinopoda
chinensis and Ommatius tibialis; Stenopogo-
nini except Gonioscelis ventralis (Stenopogo-

Figs. 44–47. Cibarium. 44–45. Cibarium with attached pharyngeal pump in lateral view (dotted lines
indicate unsclerotized cuticle connecting both structures, anterior 5 left). 44. Dioctria hyalipennis
(Dioctriinae). 45. Lycomya germainii (Asilinae). 46–47. Cibarium in posterior view. 46. Willistonina
bilineata (Willistonininae). 47. Dioctria hyalipennis. Scale lines 5 0.5 mm.
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ninae); and Stichopogoninae the cornua are
oriented in an anterior-posterior fashion
(state 0; fig. 45). In the remaining Asilidae
and outgroup taxa the cornua are oriented in
a dorsoventral fashion (state 1; fig. 44). In
Beameromyia bifida (Leptogastrinae); Mydas
clavatus (Mydidae), and Nemestrinidae, the
cornua are reduced or absent (state 2).

38. MEDIAN LONGITUDINAL RIDGE ON CI-

BARIUM: (0) absent; (1) present (length 5 2;
CI 5 0.50; RI 5 0.93). Yeates (1994)
mentioned that all Asilidae studied possess
a median longitudinal ridge on the cibarium.
This ridge is found here in all Asilidae and
Neorhaphiomidas sp. (Mandurah) (Mydidae)
(state 1; figs. 46–47), but absent in all
remaining outgroup taxa (state 0).

39. PHARYNGEAL PUMP: (0) absent; (1)
present (length 5 3; CI 5 0.33; RI 5 0.71).
Melin (1923) referred to the pumping struc-
ture dorsal to the cibarium as the swollen
esophagus, which is later termed pharyngeal
pump by Owsley (1946). The anterior part of
this pump is situated between or just dorsal
of the cornua (Owsley, 1946). It is present in
all Asilidae and most outgroup taxa (state 1;
figs. 44–45), with the exception of Bombylii-
dae and some Mydidae species (state 0).

40. PHARYNGEAL PUMP DEVELOPMENT: (0)
laterally without sclerotized ring; (1) laterally
with sclerotized ring, but medio-anteriorly
unsclerotized; (2) with entirely sclerotized
ring (length 5 11; CI 5 0.18; RI 5 0.75).
The lateral margin of the pharyngeal pump
can be unsclerotized or possess a sclerotized
ring of varying extent. The lateral margin is
unsclerotized in Phellinae; Stenopogoninae,
with the exception of Creolestes nigribarbis
and Plesiomma sp. (Guanacaste); Tillobro-
matinae; and Willistonininae except Ablautus
coquilletti (state 0). A sclerotized ring that is
not entirely closed medio-anteriorly is found
in the majority of Asilidae and all outgroup
taxa (state 1; fig. 49). An entirely sclerotized
ring is present in Cyrtophrys attenuatus,
Deromyia fuscipennis, Megapoda labiata,
and Pseudorus distendens (all Dasypogoni-
nae); Atomosiini except Smeryngolaphria
numitor and Laphriini (Laphriinae); as well
as Plesiomma sp. (Guanacaste) (Stenopogo-
ninae) (state 2; fig. 48). All species not
possessing a pharyngeal pump (see character
39) are coded as inapplicable (-).

41. PHARYNGEAL PUMP SHAPE (DORSAL

VIEW): (0) circular; (1) triangular (length 5
10; CI 5 0.10; RI 5 0.47). In dorsal view, the
pharyngeal pump is generally circular (state
0; figs. 48–49), but in a few species it is more
or less of triangular shape, i.e., Dasypogon
diadema and Lestomyia fraudiger (Dasypo-
goninae); Phellinae; Stenopogoninae, with
the exception of Ancylorhynchus fulvicollis,
Gonioscelis ventralis, Plesiomma sp. (Guana-
caste), and Prolepsis tristis; Tillobromatinae
except Hypenetes stigmatias; and Sisyrno-
dytes sp. (Gamka) (Willistonininae) (state 1).
Among the outgroup taxa, Apsilocephalidae
is the only taxon with a triangular pharyngeal
pump (state 1). All species not possessing a
pharyngeal pump (see character 39) are
coded as inapplicable (-).

42. DORSAL MARGIN OF POSTOCCIPUT: (0)
simple, no projections; (1) triangular projec-
tion present (length 5 3; CI 5 0.33; RI 5
0.93). The dorsal margin of the postocciput is
usually not particularly pronounced although
in some instances a narrow ridge is developed
(state 0; fig. 51). In Dasycyrton gibbosus
(Brachyrhopalinae); Myelaphus melas (Dioc-
triinae); and Laphriinae, a prominent trian-
gular projection is present that is best seen in
dorsal view (state 1; fig. 50). Among the
outgroup taxa, all species exhibit state 0.

43. SHAPE OF OCCIPITAL FORAMEN: (0) a
single foramen; (1) two apparent foramina
divided by a bridge (length 5 1; CI 5 1.00;
RI 5 1.00). Yeates (1994) highlighted the
variation in development of the occipital
foramina in Asiloidea and here the majority
of species possess a single foramen (state 0;

Figs. 48–49. Pharyngeal pump in dorsal view.
48. Orthogonis scapularis (Laphriinae). 49. Dioctria
hyalipennis (Dioctriinae). Scale lines 5 0.5 mm.
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figs. 33–34). Two distinct foramina are pre-
sent only in Mydidae, with the exception of
Neorhaphiomidas sp. (Mandurah) and Rha-
phiomidas maehleri (state 1).

44. ANTERIOR TENTORIAL PITS: (0) small,
slitlike, inconspicuous, ventrally located; (1)
well developed, conspicuous, anteroventrally
located; (2) well developed, conspicuous,
anteromedially located; (3) absent (not ob-
servable) (length 5 5; CI 5 0.60; RI 5 0.84).
Papavero (1973a) used the development of
the anterior tentorial pits (referred to as deep,
mediogenal grooves), as a diagnostic charac-
ter for the Trigonomiminae. In most Asilidae
species, the tentorial pits are small, slitlike,
and inconspicuously positioned more or less
ventrally (state 0; figs. 27–29, 32). In all
Trigonomiminae, they are well developed,
conspicuous, and positioned anteroventrally
on the head (state 1; fig. 26). In Phellus olgae
(Phellinae) and Plesiomma sp. (Guanacaste)
(Stenopogoninae), the tentorial pits are
positioned much more dorsal on the head
and this position is coded as a separate
character state (state 2). Among the outgroup
taxa, state 0 is primarily found, but state 2 is
observed in Mydidae (fig. 30), with the
exception of Neorhaphiomidas sp. (Man-
durah) and Rhaphiomidas maehleri, and in
Poecilognathus sp. (El Hacha) (Bombyliidae)
the anterior tentorial pits appear to be absent
(state 3).

45. FACIAL SETAE: (0) only circular setae;
(1) circular and dorsoventrally flattened setae
laterally in males and females; (2) circular

and dorsoventrally flattened mystacal setae
in males; (3) circular and dorsoventrally
flattened mystacal setae in males and females
(length 5 9; CI 5 0.33; RI 5 0.25). In
Asilidae, the well-developed facial setae are
usually only circular (state 0), but a few
species possess setae of different cross sec-
tion. The facial setae are sometimes differ-
ently developed among female and male
specimens of a single species. Circular as well
as dorsoventrally flattened setae that are
positioned laterally to the mystax in males
and females are found only in Laphriini
except Laphria flava (Laphriinae) (state 1).
Circular and dorsoventrally flattened mysta-
cal setae are present in males only of
Goneccalypsis argenteoviridis, Orthogonis sca-
pularis, and Perasis transvaalensis (all Laph-
riinae) (state 2). The same mystacal setae are
present in females and males of Smeryngo-
laphria numitor (Laphriinae); Lissoteles aqui-
lonius (Stichopogoninae); and Ablautus co-
quilletti and Sisyrnodytes sp. (Gamka)
(Willistonininae) (state 3). Pseudorus disten-
dens (Dasypogoninae), which does not pos-
sess any facial setae, is coded as inapplicable
(-). Among the outgroup taxa, only circular
setae are developed (state 0).

46. SIZE OF ANTERIOR MEDIAN OMMATIDIA:
(0) all same size; (1) at least some median
ommatidia distinctly larger (length 5 26; CI
5 0.03; RI 5 0.64). As early as Walker
(1851), dipterists realized that the median
ommatidia of the flattened compound eyes of
an assassin fly are often enlarged. Although it

Figs. 50–51. Heads in dorsal view. 50. Dasyllis funebris (Laphriinae). 51. Pegesimallus laticornis
(Dasypogoninae). Vestiture omitted except for setae on median occipital sclerite. Scale lines 5 1 mm.
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is sometimes difficult to determine whether
the median ommatidia are larger than
surrounding lateral ones, I attempted to code
this character. The majority of Asilidae
species possess larger ommatidia medially
(state 1) with notable exceptions of all
Bathypogoninae; Phellinae; and Stenopogo-
ninae, in which all ommatidia are of the same
size (state 0). Among the outgroup taxa, all
ommatidia are of the same size (state 0).

47. POSTGENAE: (0) posterior margin sim-
ple, smoothly rounded; (1) posterior margin
with large flangelike projection (length 5 1;
CI 5 1.00; RI 5 1.00). The posterior margin
of the postgenae is generally smoothly
rounded in Asilidae and all outgroup taxa
(state 0). In Lamyra gulo and Stiphrolamyra
angularis (Laphriinae) it is developed as a
flangelike projection. Londt (1988) used this
character (referred to as posterior margin of
lower occiput) in an identification key to
Afrotropical Laphriinae diagnosing the two
genera. See character 16. Among the out-
group taxa, the postgenae are smoothly
rounded (state 0).

48. SHAPE OF FRONS (AT LEVEL OF ANTEN-

NAL INSERTION): (0) more or less parallel-
sided; (1) markedly and suddenly diverging
laterally; (2) markedly approximating medi-
ally (length 5 5; CI 5 0.40; RI 5 0.70). The
frons is usually parallel-sided as wide at the
ventral margin as at the level of antennal
insertion in Asilidae (state 0; figs. 26, 28–29).
In a few species, i.e., Cerotainia albipilosa
(Laphriinae); Stichopogoninae; as well as
Trichoura sp. (Tierberg) and Willistonina
bilineata (Willistonininae), the frons is mark-
edly and suddenly diverging laterally (state 1;
fig. 27). The opposite case is found in
Acronyches maya (Leptogastrinae) and Ple-
siomma sp. (Guanacaste) (Stenopogoninae),
in which the compound eyes approximate
each other markedly at the level of the
antennal insertion (state 2). Among the
outgroup taxa, a parallel-sided frons is
present (state 0).

49. MACROSETAE ON LATERAL MARGIN OF

FRONS, DORSAL TO ANTENNAL INSERTIONS: (0)
absent; (1) present (length 5 30; CI 5 0.03;
RI 5 0.40). Asilidae usually possess setae on
the lateral margin of the frons dorsal to the
antennal insertions. These setae can be
particularly well developed and form strong

macrosetae. Regular setae are present in
Brachyrhopalinae; Leptogastrinae; Ommatii-
nae; Tillobromatinae; Trigonomiminae; and
Willistonininae (state 0) whereas all remain-
ing major taxa have at least some represen-
tatives possessing stronger macrosetae (state
1). Among the outgroup taxa, no macrosetae
are developed (state 0).

50. LONGITUDINAL RIDGE MEDIALLY ON

FRONS, DORSAL TO ANTENNAL INSERTION: (0)
absent; (1) present, connecting antennae and
ocellar triangle (length 5 2; CI 5 0.50; RI 5
0.50). A longitudinal ridge medially on the
frons is developed in Cerotainia albipilosa,
Goneccalypsis argenteoviridis, and Loewinella
nigripes (all Laphriinae) (state 1) whereas it is
absent in all remaining Asilidae (state 0).
Among the outgroup taxa, a longitudinal
ridge is absent (state 0).

51. POSITION OF ANTENNAE ON HEAD: (0) in
ventral half; (1) in dorsal half (length 5 5; CI
5 0.20; RI 5 0.42). The position of the
antennae on the head varies within Asiloidea.
In all Asilidae, the antennae are positioned in
the dorsal half of the head (state 1; figs. 26–
29). Among the outgroup taxa, in Apsiloce-
phalidae, Bombylius major (Bombyliidae),
and Mydidae except Neorhaphiomidas sp.
(Mandurah) the antennae are positioned in
the dorsal half (state 1), but in the remaining
taxa, the antennae originate in the ventral
half of the head (state 0).

52. DISTANCE BETWEEN SCAPICES: (0) sca-
pices close together, touching; (1) scapices
separated (length 5 2; CI 5 0.50; RI 5 0.83).
Yeates and Irwin (1996) established the very
closely associated scapices as an autapomor-
phy of Mydidae. In the present analysis, only
Mydidae except Neorhaphiomidas sp. (Man-
durah) possess closely associated scapices
(state 0; fig. 30) and all remaining taxa
possess separated scapices (state 1; figs. 26–
29).

53. ELEVATION OF ANTENNAL INSERTION:
(0) not elevated; (1) elevated above eye
margin in lateral view, with distinct protu-
berance (length 5 8; CI 5 0.12; RI 5 0.61).
The antennal insertion is usually not visible
in lateral view on a robber-fly head. A few
species possess a protuberance on which the
antennae originate and the base of the scape
is therefore visible in lateral view, i.e.,
Austrosaropogon nigrinus and Cabasa pul-
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chella (Brachyrhopalinae); Cyrtophrys attenu-
atus and Saropogon luteus (Dasypogoninae);
Dioctriinae except Broticosia paramonovi;
Cerotainia albipilosa and Laphriini (Laphrii-
nae); and Ospriocerus aeacus (Stenopogoni-
nae) (state 1). Among the outgroup taxa, the
antennal insertion is not elevated (state 0).

54. SHAPE OF POSTPEDICEL: (0) tapering
distally; (1) cylindrical, same diameter
throughout; (2) medially broadest, long; (3)
elongated and distinctly clubbed distally; (4)
proximal bulb with elongated distal part; (5)
medially broadest, short (length 5 44; CI 5
0.11; RI 5 0.66). In Brachycera the post-
pedicel is situated distal to the pedicel. In
Asilidae and other ‘‘orthorrhaphous’’ taxa, it
is ‘‘a compound structure formed by sequen-
tial distal fusion of the third segment with
successive distal segments’’ (Stuckenberg,
1999: 41) of varying length. All parts distal
to the postpedicel are considered here to
comprise the stylus (see characters 57–58)
(Stuckenberg, 1999). Contrary to the view of
Hennig (1972: fig. 29), the postpedicel of
Mydidae is considered to entail the cylindri-
cal proximal part and the expanded distal
part, which are separated by an unsclerotized
part (see character 56). The shape of the
postpedicel varies considerably in Asilidae
and five character states (fig. 52) are em-
ployed here to account for this morpholog-
ical diversity. The character-state distribution
is as follows: Asilinae: state 1, Lycomya
germainii; state 2, Threnia carbonaria; state
5, Dasophrys crenulatus, Eichoichemus pyr-
rhomystax, Lochmorhynchus albicans, Philo-
dicus tenuipes, Pogonioefferia pogonias, Proc-
tacanthus philadelphicus, and Promachus
amastrus; state 0, all remaining species;
Bathypogoninae, state 2; Brachyrhopalinae:
state 0, Dasycyrton gibbosus, Holopogon
priscus, and Heteropogon manicatus; state 2,
Brachyrhopala ruficornis and Cabasa pul-
chella; state 1, all remaining species; Dasy-
pogoninae: state 1, Archilestris magnificus,
Cyrtophrys attenuatus, and Dasypogon dia-
dema; state 2, all remaining species; Dioc-
triinae: state 2, Eudioctria albius and Nanno-
dioctria sp. (formicaphaga); state 1, all
remaining species; Laphriinae: state 1, Ato-
mosiini, Hoplistomerus nobilis, Laphystia ae-
gyptiaca, and Perasis transvaalensis; state 2,
all remaining species; Leptogastrinae: state 1,

Acronyches maya; state 0, all remaining
species; Ommatiinae: state 0, Michotamia
aurata; state 5, all remaining species; Phelli-
nae: state 1, Phellus olgae; state 2, Obelo-
phorus terebratus; Stenopogoninae: state 0,
Scleropogon subulatus and Stenopogon spe-
cies; state 2, Creolestes nigribarbis, Daspletis
stenoura, and Microstylum sp. (Karkloof);
state 1, all remaining species; Stichopogoni-
nae: state 1, Lasiopogon cinctus and Town-
sendia albomacula; state 5, Lissoteles aquilo-
nius; state 0, all remaining species;
Tillobromatinae: state 1, Lycostommyia albi-
facies; state 2, all remaining species; Trigo-
nomiminae: state 4, Damalis species; state 1,
all remaining species; Willistonininae: state 2,
Ablautus coquilletti and Willistonina bilineata;
state 0, all remaining species. Outgroup taxa:
state 0, Apsilocephalidae, Bombylius major
(Bombyliidae), and Scenopinidae; state 1,
Poecilognathus sp. (El Hacha) and There-
vidae; state 2, Rhaphiomidas maehleri (Mydi-
dae); state 3, Mydidae except other men-
tioned species; state 5, Apioceridae and
Neorhaphiomidas sp. (Mandurah) (Mydidae).

55. SETAE DORSALLY ON POSTPEDICEL: (0)
absent; (1) present (length 5 32; CI 5 0.03;
RI 5 0.63). Many species of Asilidae possess
setae on the dorsal surface of the postpedicel
(state 1; fig. 53). Setae are absent in Bath-
ypogoninae; Leptogastrinae; Phellinae; Tillo-
bromatinae; and several other species (state
0). Lampria clavipes (Laphriinae) and Os-
priocerus aeacus (Stenopogoninae) are coded
polymorphic (0/1), as individuals with and
without setae are examined. Among the
outgroup taxa, setae are present only in
Apioceridae, Poecilognathus sp. (El Hacha)

Fig. 52. Schematic drawing of shape of post-
pedicel coded in character 54 with character states
indicated. Character state 3, which is only found in
Mydidae, not illustrated; vestiture omitted; not
to scale.
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(Bombyliidae), as well as Neorhaphiomidas
sp. (Mandurah), Opomydas townsendi, and
Rhaphiomidas maehleri (all Mydidae) (state 1).

56. SCLEROTIZATION OF POSTPEDICEL: (0)
entirely sclerotized; (1) cylindrical proximal
part and bulbous distal part separated by
unsclerotized area (length 5 1; CI 5 1.00; RI
5 1.00). Asiloidea species usually possess an
entirely sclerotized postpedicel (state 0), but
in Mydidae, with the exception Neorhaphio-
midas sp. (Mandurah) and Rhaphiomidas
maehleri, an unsclerotized median part is
developed (state 1, see character 54).

57. POSITION OF APICAL ‘SETA-LIKE’ SENSO-

RY ELEMENT: (0) apically on stylus; (1)

apically in cavity on stylus; (2) subapically
in cavity on postpedicel; (3) subapically and
laterally on stylus; (4) apically in cavity on
postpedicel; (5) subapically and laterally on
postpedicel (length 5 31; CI 5 0.16; RI 5
0.69). Papavero (1973a) discussed the devel-
opment and position of the stylus in Asilidae
in detail. The nomenclature pertaining to
these parts is adjusted here to make more
meaningful homology statements, however.
The stylus in ‘‘orthorrhaphous’’ Brachycera
(5 part of flagellum sensu McAlpine, 1981)
was defined by Stuckenberg (1999: 41) as,
‘‘the structure consisting of any free segments
distal to the pedicel, hypothesized to termi-
nate apically in segment 10.’’ Hennig (1972)
called the terminal element of the stylus that
corresponds to the tip of segment 10 End-
griffel, and this element was termed apical
‘‘seta-like’’ sensory element by Dikow and
Londt (2000). As the stylus is fused to the
postpedicel in stepwise fashion (Stuckenberg,
1999, see characters 54 and 58), only the
apical ‘‘seta-like’’ sensory element is differ-
entiable and its position on the stylus or
postpedicel varies greatly within Asilidae. In
Asilinae; Bathypogoninae; most Brachyrho-
palinae; Leptogastrinae; Ommatiinae; most
Willistonininae; and several other species the
apical ‘‘seta-like’’ element is situated apically
on the stylus (state 0; figs. 53–54). In
Austrosaropogon nigrinus and Cyrtopogon
rattus (Brachyrhopalinae); Dasypogon dia-
dema, Lestomyia fraudiger, Megapoda la-
biata, Pegesimallus laticornis, and Saropogon
species (all Dasypogoninae); Hoplistomerus
nobilis, Laphystia species, Nusa infumata,
Perasis transvaalensis, Protometer sp. (El
Tuparro), Psilocurus modestus, Trichardis
effrena, and Zabrops tagax (all Laphriinae);
Phellus olgae (Phellinae); Ancylorhynchus
fulvicollis, Ospriocerus aeacus, Plesiomma sp.
(Guanacaste), and Scylaticus costalis (all
Stenopogoninae); Tillobromatinae; Willisto-
nina bilineata (Willistonininae); and Coleo-
myia setigera the apical ‘‘seta-like’’ element is
situated apically on the stylus, but in a
distinct apical cavity (state 1; fig. 57). In
Chrysopogon pilosifacies and Codula limbi-
pennis (Brachyrhopalinae); Deromyia fusci-
pennis (Dasypogoninae); and Damalis species
(Trigonomiminae), the apical ‘‘seta-like’’
element is situated in a subapical cavity on

Figs. 53–57. SEM micrographs of antennae in
lateral view. 53. Dysmachus trigonus (Asilinae)
postpedicel. 54. Philonicus albiceps (Asilinae) stylus
and enlarged apical ‘‘seta-like’’ sensory element.
55. Dioctria atricapillus (Dioctriinae) postpedicel
and stylus. 56. Damalis femoralis Ricardo, 1925
(Trigonomiminae), base of postpedicel with apical
‘‘seta-like’’ sensory element. 57. Hoplistomerus
nobilis (Laphriinae) tip of postpedicel with apical
‘‘seta-like’’ sensory element. Scale lines 5 100 mm
except for inset scale line 5 10 mm.

34 BULLETIN AMERICAN MUSEUM OF NATURAL HISTORY NO. 319



the postpedicel (state 2, e.g.; fig. 56). In
Ceraturgus fasciatus (Brachyrhopalinae);
Dioctriinae; Townsendia albomacula (Sticho-
pogoninae); and Rhipidocephala sp. (Harold
Johnson) (Trigonomiminae); the apical ‘‘se-
ta-like’’ element is situated subapically later-
ally on the stylus (state 3; fig. 55). A ‘‘seta-
like’’ element is situated in an apical cavity on
the postpedicel in Brachyrhopala ruficornis
and Cabasa pulchella (Brachyrhopalinae);
most Dasypogoninae; Andrenosomatini,
Ctenotini, Laphriini, and Laxenecera albi-
cincta (all Laphriinae); Daspletis stenoura and
Prolepsis tristis (Stenopogoninae); and Tri-
gonomima sp. (anamaliensis) (Trigonomimi-
nae) (state 4). It is situated subapically and
laterally on the postpedicel in Cyrtophrys
attenuatus (Dasypogoninae) and Atomosiini
(Laphriinae) (state 5). Among the outgroup
taxa, Hemigephyra atra (Therevidae) and
Scenopinidae exhibit state 1 and Poecilog-
nathus sp. (El Hacha) (Bombyliidae) and
Mydidae exhibit state 4 whereas all remain-
ing taxa possess an apical ‘‘seta-like’’ sensory
element apically on the stylus (state 0).

58. STYLUS: (0) three elements; (1) two
elements; (2) one element; (3) reduced, only
apical ‘‘seta-like’’ sensory element present
(length 5 33; CI 5 0.09; RI 5 0.68). The
stylus (see characters 54 and 57) in Asilidae is
generally composed of one or two elements
(states 1 and 2). In Brachyrhopala ruficornis,
Cabasa pulchella, Chrysopogon pilosifacies,
and Codula limbipennis (all Brachyrhopali-
nae); most Dasypogoninae; Andrenosoma-
tini, Atomosiini, Ctenotini, Laphriini, and
Laxenecera albicincta (all Laphriinae); Das-
pletis stenoura and Prolepsis tristis (Stenopo-
goninae); and Damalis species and Trigono-
mima sp. (anamaliensis) (Trigonomiminae),
the stylus is only represented by the apical
‘‘seta-like’’ sensory element (state 3). Among
the outgroup taxa, a three-segmented stylus
is only present in Nemestrinidae (state 0) and
the remaining states are also represented in
the outgroup taxa.

59. SETAE ON STYLUS: (0) absent; (1) present
on anterior surface only; (2) present on all
surfaces (length 5 2; CI 5 1.00; RI 5 1.00).
Hardy (1927a), in erecting the tribe Omma-
tiini, pointed out the setose antennae of
species of Ommatius Wiedemann, 1821 and
other genera. All Ommatiinae are found here

to possess setae on the anterior surface of the
stylus (state 1) and Oligopogon sp. (Cape
Recife) possesses setae on all surfaces of the
stylus (state 2). Among the outgroup taxa, all
species lack setae on the stylus (state 0). All
species, in which the stylus is reduced to the
apical ‘‘seta-like’’ element (see character 58),
are coded as inapplicable (-).

60. OCELLI ON OCELLAR TRIANGLE: (0) three
ocelli on a single ocellar triangle; (1) anterior
ocellus separate, situated anteriorly (length 5
1; CI 5 1.00; RI 5 1.00). In Diptera the three
ocelli are usually situated on a single ocellar
triangle (McAlpine, 1981) and this is found in
all Asilidae (state 0; figs. 26–29, 50–51).
Among the outgroup taxa, in Apioceridae
and Mydidae, the anterior ocelli are separat-
ed and are situated more anteriorly (state 1;
fig. 30) whereas they are situated on a single
ocellar triangle in the remaining species
(state 0).

61. DEVELOPMENT OF POSTERIOR OCELLI:
(0) circular or slightly oval; (1) distinctly
elongated (length 5 1; CI 5 1.00; RI 5 1.00).
Yeates and Irwin (1996) highlighted the
distinct elongation of the posterior ocelli in
Mydidae, with the exception of Neorhaphio-
midas sp. (Mandurah) and Rhaphiomidas
maehleri, and this is confirmed here (state 1;
fig. 30). All remaining taxa have three
equally large, circular to slightly oval ocelli
(state 0; figs. 26–29, 50–51).

62. OCELLAR (OC) SETAE: (0) absent; (1)
regular setae only (no macrosetae); (2)
macrosetae and regular setae (length 5 36;
CI 5 0.05; RI 5 0.60). Hardy (1930)
described the development of ocellar setae
in Australian robber flies in detail. Most
Asilidae species possess setae or macrosetae
on the ocellar triangle (states 1 and 2), but
they are found to be absent in Leptogastrinae
(state 0). Among the outgroup taxa, there are
either no setae (state 0) or only regular setae
developed (state 1).

63. SHAPE OF POSTCRANIUM: (0) flat to
convex; (1) concave (length 5 2; CI 5 0.50;
RI 5 0.87). Yeates (1994) observed a
distinctly concave postcranium in many
Bombyliidae. In the present analysis, a
concave postcranium is found in Bombylii-
dae, Mydidae, with the exception of Neorha-
phiomidas sp. (Mandurah) and Rhaphiomidas
maehleri, and Nemestrinidae (state 1). All
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Asilidae and remaining outgroup taxa possess
a flat to slightly convex postcranium (state 0).

64. SHAPE OF POSTERIOR COMPOUND EYE

MARGIN (LATERAL VIEW): (0) straight or
slightly curved anteriorly throughout; (1)
sinuate in ventral quarter; (2) distinctly
sinuate in ventral half (length 5 7; CI 5
0.28; RI 5 0.85). The majority of Asilidae
have a more or less oval-shaped compound
eye in lateral view (state 0; fig. 58). In most
Asilinae, with the exception of Blepharotes
splendidissimus, Clephydroneura species, He-
ligmonevra laevis, Lycomya germainii, and
Satanas gigas; as well as Lestomyia fraudiger
(Dasypogoninae); and Willistonininae, with
the exception of Acnephalum cylindricum and
Sisyrnodytes sp. (Gamka), the ventral quarter
is angled anteriorly and the ventral part of
the eye is much narrower than the dorsal half
(state 1; fig. 59). All Stichopogoninae are
outstanding in that the ventral half is much
narrower than the dorsal half and the
compound eye appears sinuate in lateral view
(state 2; fig. 60). Among the outgroup taxa,
all species possess state 0.

65. MACROSETAE ON MEDIAN OCCIPITAL

SCLERITE (M OCP SCL): (0) absent; (1) two
distinct macrosetae; (2) more than two
macrosetae (length 5 10; CI 5 0.20; RI 5
0.55). The median occipital sclerite is situated
ventral to the vertex and between the
compound eyes and often entirely fused to
the occiput (McAlpine, 1981). In Dasypogo-
ninae, the sclerite is relatively easy to
distinguish and in most instances, more than
two macrosetae are situated on it (state 2). In
Archilestris magnificus and Pseudorus disten-

dens, no setae are developed (state 0; fig. 50)
and in Cyrtophrys attenuatus, Deromyia
fuscipennis, Pegesimallus laticornis, and Se-
nobasis corsair, only two macrosetae are
present (all Dasypogoninae) (state 1; fig.
51). In Heteropogon manicatus (Brachyrho-
palinae); Hyperechia nigripennis (Laphriinae);
Daspletis stenoura (Stenopogoninae); Lycos-
tommyia albifacies (Tillobromatinae); and
Acnephalum cylindricum and Sisyrnodytes
sp. (Gamka) (Willistonininae), more than
two macrosetae are developed as well (state
2). Among the outgroup taxa, all species lack
any macrosetae (state 0).

66. POSTOCULAR (POCL) SETAE: (0) absent;
(1) regular setae only (no macrosetae); (2)
macrosetae and regular setae (length 5 17;
CI 5 0.11; RI 5 0.42). Postocular setae,
often also labeled occipital setae in robber
flies, are present in all Asilidae studied and
most species possess macrosetae and regular
setae (state 2). Only regular setae are
developed in Phellinae; Trigonomiminae,
with the exception of Damalis monochaetes;
and a few Brachyrhopalinae; Leptogastrinae;
Dasypogoninae; and other species (state 1).
Among the outgroup taxa, all three character
states are observed.

67. SHAPE OF POSTOCULAR (POCL) SETAE:
(0) straight or only slightly angled anteriorly;
(1) sharply angled anteriorly in distal half
(length 5 12; CI 5 0.08; RI 5 0.26). The
postocular setae are usually straight or only
slightly angled anteriorly in Asilidae (state 0).
In Dasophrys crenulatus, Neoitamus cyanurus,
and Neolophonotus bimaculatus (all Asilinae);
Nannocyrtopogon lestomyiformis (Brachyrho-
palinae); Dicolonus simplex and Echthodopa
pubera (Dioctriinae); Laphria species (Laph-
riinae); Emphysomera species and Ommatius
incurvatus (Ommatiinae); Creolestes nigribar-
bis, Gonioscelis ventralis, and Stenopogon
rufibarbis (all Stenopogoninae); and Lasiopo-
gon species (Stichopogoninae), the setae are
long and sharply angled anteriorly in the
distal half (state 1). Among the outgroup
taxa, all species possess straight postocular
setae (state 0).

THORAX

For reference; figure 61 illustrates the
thoracic features of an exemplar species.

Figs. 58–60. Compound eyes in lateral view.
58. Pegesimallus laticornis (Dasypogoninae). 59.
Pogonioefferia pogonias (Asilinae). 60. Stichopogon
trifasciatus (Stichopogoninae). Anterior 5 left.
Scale lines 5 1 mm.
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Osten-Sacken (1884) established a nomencla-
ture of setae in Diptera, called chaetotaxy,
and discussed certain setal arrangements in
Asilidae. Later, Hardy (1930) provided a
table summarizing the presence/absence of
thoracic setae, including notopleural, post-
alar, supra-alar, and scutellar setae (see
characters 88, 90–92, 94, 98), in Asilidae.
Figure 62 provides an overview of thoracic
setae coded in the present study.

68. DIVISION OF PRONOTUM: (0) only a
single sclerite present; (1) divided into ante-
and postpronotum (length 5 1; CI 5 1.00;
RI 5 1.00). In all Asilidae, the pronotum is
divided into ante- and postpronotum (state 1;
figs. 61, 64–65) (Martin, 1968). Among the
outgroup taxa, the same arrangement is also
found in Apioceridae, Mydidae, and There-
vidae, whereas all remaining species possess a
single sclerite (state 0).

69. ANTEPRONOTAL SETAE: (0) absent; (1)
regular setae only (no macrosetae); (2)
macrosetae and regular setae (length 5 28;
CI 5 0.07; RI 5 0.67). The antepronotum is
usually setose in Asilidae and setae are absent
only in Leptogastrinae except Acronyches
maya and Nannodioctria sp. (formicaphaga)
(Dioctriinae) (state 0). All Stichopogoninae;
most Brachyrhopalinae, Trigonomiminae,
Dioctriinae, and Laphriinae possess only
regular setae (state 1) while macrosetae are
developed in most species of the remaining
taxa (state 2). Among the outgroup taxa, all
character states are found.

70. LATERAL POSTPRONOTAL (PPRN) SETAE:
(0) absent; (1) regular setae only (no macro-
setae); (2) macrosetae and regular setae
(length 5 20; CI 5 0.10; RI 5 0.48). The
lateral surfaces of the postpronotum are
asetose in Leptogastrinae except Acronyches

Fig. 61. Thorax of Philonicus albiceps (Asilinae) in lateral view with morphological features labeled.
Wing and vestiture omitted; abbreviations see Materials and Methods. Scale line 5 1 mm.
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maya; Brachyrhopala ruficornis (Brachyrho-
palinae); Nannodioctria sp. (formicaphaga)
(Dioctriinae); and Goneccalypsis argenteovir-
idis and Loewinella nigripes (Laphriinae)
(state 0). Most species possess at least some
setae on the lateral postpronotum (state 1),
but most Dasypogoninae, Stenopogoninae,
and a few other species possess macrosetae
(state 2). Among the outgroup taxa, Apio-
ceridae and Rhaphiomidas maehleri (Mydi-
dae) possess macrosetae and regular setae
(state 2) whereas all remaining species possess
only regular setae (state 1). All species in
which the pronotum is not divided into an
ante- and postpronotum (see character 68)
are coded as inapplicable (-).

71. DORSAL FUSION OF POSTPRONOTAL

LOBES WITH SCUTUM: (0) entirely fused; (1)
only partly fused, lobes elevated above
scutum posteriorly (length 5 2; CI 5 0.50;
RI 5 0.90). In all Asilidae the postpronotal

lobes are entirely fused with the scutum
although the sutures are still discernible (state
0; figs. 64–65). Among the outgroup taxa, the
lobes are elevated above the scutal surface
and not fused with it posteriorly in Bomby-
liidae, Mydidae, Nemestrinidae, and Sceno-
pinidae (state 1; fig. 63).

72. POSTPRONOTAL LOBES: (0) confined to
lateral margin of scutum; (1) extending
medially, but not anteriorly; (2) extending
medially and anteriorly, nearly touching
medially (length 5 3; CI 5 0.66; RI 5
0.95). Martin (1968) established the medially
and anteriorly extending postpronotal lobes
as an autapomorphy of his Leptogastridae.
All Asilidae exhibit medially extending post-
pronotal lobes (state 1; fig. 64), but Lepto-
gastrinae except Acronyches maya possess
medially and anteriorly extending lobes (state
2; fig. 65). Among the outgroup taxa, the
postpronotal lobes are usually confined to

Fig. 62. Thorax of Philonicus albiceps (Asilinae) in lateral view with chaetotaxic characters mapped.
Dotted lines indicate setose areas; wing and vestiture omitted; for abbreviations see Materials and
Methods and variously numbered character descriptions. Scale line 5 1 mm.
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the lateral scutal margin (state 0) and only in
the Scenopinidae do they also extend medi-
ally (state 1).

73. DORSAL POSTPRONOTAL (PPRN) SETAE:
(0) absent; (1) regular setae only (no macro-
setae); (2) macrosetae and regular setae
(length 5 23; CI 5 0.08; RI 5 0.50). The
postpronotal setae on the anterodorsal sur-
face of the postpronotal lobes are usually
present in Asilidae and only a few species
lack regular setae (state 0). The majority of
species possess setae (state 1) and most
Dasypogoninae and Stenopogoninae possess
macrosetae (state 2). Among the outgroup
taxa, setae (state 1) and macrosetae (state 2)
are present.

74. LATERAL FUSION OF PROSTERNUM TO

PROEPISTERNUM: (0) fused, broad proster-
num; (1) fused, prosternum narrow above
prothoracic coxa; (2) separated, sclerite
triangular, pointed dorsally; (3) separated,
sclerite square to rectangular, straight dor-
sally; (4) separated, prosternum square and
proepisternum projecting medially (nearly
touching prosternum) (length 5 31; CI 5
0.12; RI 5 0.76). Hardy (1930, 1948),
Clements (1951), Hull (1962), Papavero
(1973a), and Oldroyd (1974a) discussed in
detail the development of the prosternum in
relation to its lateral fusion to the proepis-
ternum in Asilidae. Five character states are
employed here and a completely fused, broad
prosternum is present in all Stichopogoninae;

Leptogastrinae, with the exception of Acro-
nyches maya and Tipulogaster glabrata; and
many Laphriinae (state 0; fig. 66). The
prosternum and proepisternum are fused,
but the prosternum is narrower above the
coxa in all Trigonomiminae; some Asilinae
and Laphriinae; and a few other species (state
1; fig. 69). A triangular, separate prosternum
surrounded by membrane that is pointed
dorsally is found in Tillobromatinae except
Tillobroma punctipennis; Willistonininae ex-
cept Willistonina bilineata; many Asilinae and
Stenopogoninae; Afroholopogon peregrinus,
Ceraturgus fasciatus, and Heteropogon man-
icatus (all Brachyrhopalinae); and Obelo-
phorus terebratus (Phellinae) (state 2;
fig. 68). A similar development is found in
all Bathypogoninae and Dioctriinae; most
Brachyrhopalinae and Dasypogoninae; a few
Asilinae and Stenopogoninae; and some
other species in that the prosternum is
separate and surrounded by membrane but
square to rectangular in shape with a straight
dorsal margin (state 3; fig. 67). In Ommatius
species (Ommatiinae) the prosternum is
separate and square and the proepisternum
is projecting medially to nearly touch the
prosternum (state 4). Among the outgroup
taxa, Apsilocephalidae, Mydidae, and Sceno-
pinidae possess a fused prosternum and
proepisternum (state 0) whereas they are
fused and narrow above the coxa in There-
vidae (state 1). The remaining outgroup taxa

Figs. 63–65. Thoraces in anterodorsal view (anterior 5 bottom). 63. Nemomydas brachyrhynchus
(Mydidae: Leptomydinae). 64. Dasyllis funebris (Laphriinae), dotted lines 5 acrostichal (medially) and
dorsocentral (laterally) setae. 65. Lasiocnemus lugens (Leptogastrinae). Postpronotal lobes grey; vestiture
omitted. Scale lines 5 1 mm.
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possess a free prosternum that is triangular in
shape (state 2).

75. DORSAL (ANTERIOR) MARGIN OF PROS-

TERNUM: (0) not elevated; (1) distinct flange-
like projection (length 5 10; CI 5 0.10; RI 5
0.84). The dorsal (anterior) margin of the
prosternum is usually not particularly pro-
nounced (state 0; fig. 69), but in a few species
a distinct dorsal flangelike projection is
evident (state 1; fig. 66). It is found in all
Laphriinae and Trigonomiminae; Leptogas-
trinae, with the exception of Acronyches
maya and Tipulogaster glabrata; Stichopogo-
ninae except Lasiopogon species; Dicolonus
simplex and Dioctria species (Dioctriinae);
Hypenetes stigmatias (Tillobromatinae); and
Oligopogon sp. (Cape Recife) within Asilidae
(state 1). Among the outgroup taxa, only
Mydidae except Rhaphiomidas maehleri pos-
sess a flangelike projection (state 1).

76. SHAPE OF PROPRESTERNUM: (0) arrow-
like sclerite; (1) square sclerite; (2) triangular
sclerite (length 5 3; CI 5 0.66; RI 5 0.90).
Yeates (1994) used the shape of the propres-
ternum in the phylogeny of Bombyliidae and
emphasized the different shape within Asiloi-
dea. All Asilidae possess a square propres-
ternum that possesses two distinct sclerites
bearing sensory setae (state 1; figs. 66–69).
Among the outgroup taxa, an arrowlike
sclerite is found in Apsilocephalidae, Bom-
byliidae, Nemestrinidae, and Therevidae
(state 0). Apioceridae, Neorhaphiomidas sp.

(Mandurah) and Rhaphiomidas maehleri
(Mydidae), and Scenopinidae possess a
square sclerite similar to Asilidae (state 1)
while the remaining Mydidae species possess
a triangular sclerite (state 2).

77. DEVELOPMENT OF CERVICAL SCLERITE:
(0) not extending medially to cover sensory
area on propresternum; (1) extending medi-
ally to cover sensory area on propresternum
(length 5 2; CI 5 0.50; RI 5 0.87). The
median margin of the cervical sclerite is
closely associated with the propresternum,
but usually does not come in contact with it
(state 0; figs 66–69). In Mydidae and Nemes-
trinidae, the median margin is extended and
covers the sensory setae of the propresternum
partly (state 1). In all Asilidae and all
remaining outgroup taxa, the cervical sclerite
is not touching the propresternum (state 0).

78. ANTERIOR ANEPISTERNAL SETAE: (0)
absent; (1) erect; (2) erect to appressed,
pointed anteriad (length 5 25; CI 5 0.08;
RI 5 0.66). In Asilidae, the anterior and
dorsal margins of the anepisternum possess
usually short to long setae. These setae are
absent in all Bathypogoninae and Dasypo-
goninae; most Stenopogoninae and Sticho-
pogoninae; some Brachyrhopalinae and a
few other species (state 0). In many Asilidae,
the anterior anepisternal setae are erect and
more or less perpendicular to the surface
(state 1). In Leptogastrinae except Acro-
nyches maya, and Dioctria species, Echtho-

Figs. 66–69. Thoraces in anterior view. 66. Stichopogon trifasciatus (Stichopogoninae). 67.
Emphysomera pallidapex (Ommatiinae). 68. Pogonioefferia pogonias (Asilinae). 69. Pegesimallus laticornis
(Dasypogoninae). Prosternum and proepisternum grey; vestiture omitted. Scale lines 5 1 mm.
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dopa pubera, and Myelaphus melas (all
Dioctriinae), the setae are directed anteriorly
and lightly appressed to the surface of the
anepisternum (state 2). Other species of
Dioctriinae lack these setae (state 0), i.e.,
Broticosia paramonovi, Eudioctria albius, and
Nannodioctria sp. (formicaphaga), whereas
Dicolonus simplex possesses only erect setae
(state 1). Among the outgroup taxa, anepis-
ternal setae are usually absent (state 0) and
erect setae are present in Bombyliidae,
Neorhaphiomidas sp. (Mandurah) (Mydidae),
Nemestrinidae, and Phycus frommeri (There-
vidae) (state 1).

79. ANTERIOR PROEPIMERAL SETAE: (0)
absent; (1) erect; (2) erect to appressed,
pointed anteriad (length 5 11; CI 5 0.18;
RI 5 0.64). The same development of
anepisternal setae (see character 78) is also
found on the proepimeron. Within Asilidae,
only Pseudorus distendens (Dasypogoninae)
and Lasiopogon species and Townsendia
albomacula (Stichopogoninae) lack erect
proepimeral setae (state 0). In Leptogastrinae
except Acronyches maya, and Dioctria spe-
cies, Echthodopa pubera, Eudioctria albius,
and Myelaphus melas (all Dioctriinae), the
proepimeral setae are lightly appressed and
directed anteriorly (state 2). Among the
outgroup taxa, proepimeral setae are erect
in Apiocera aldrichii (Apioceridae), Apsiloce-
phalidae, Bombylius major (Bombyliidae),
Neorhaphiomidas sp. (Mandurah and Rha-
phiomidas maehleri (Mydidae), and Nemes-
trinidae (state 1) and absent in the remaining
taxa (state 0).

80. MACROSETAE ON SUPEROPOSTERIOR AN-

EPISTERNUM: (0) absent; (1) present (length 5
5; CI 5 0.20; RI 5 0.81). Osten-Sacken
(1884) indicated the presence of setae on the
mesopleura in some Asilidae and Hermann
(1920) found them in all Laphriinae he
studied. Later, Papavero (1973a) used the
presence of at least one macroseta on the
superoposterior anepisternum as a character
supporting the division of Laphriinae sensu
previous authors into two taxa, i.e., Laphrii-
nae and Laphystiinae. He pointed out that all
Laphriinae possess this seta whereas it may
be present or absent in his Laphystiinae.
Macrosetae are present in all Andrenosoma-
tini, Ctenotini, Laphriini, Atomosiini except
Cerotainia albipilosa, Laxenecera albicincta,

Nusa infumata, and Trichardis effrena (all
Laphriinae); Michotamia aurata (Ommatii-
nae); and Acnephalum cylindricum (Willisto-
nininae) (state 1). All remaining Asilidae and
outgroup taxa lack macrosetae on the super-
oposterior anepisternum (state 0).

81. SETAE ON POSTERIOR BASALARE (POST

BAS): (0) absent; (1) present (length 5 6; CI 5
0.16; RI 5 0.83). The posterior basalare is
usually bare of setae in Asilidae (state 0).
Setae are present in all Ommatiinae; Asilinae,
with the exception of Dasophrys crenulatus,
Eichoichemus pyrrhomystax, Lochmorhynchus
albicans, Myaptex brachyptera, Neolophono-
tus bimaculatus, Nomomyia murina, Pogo-
nioefferia pogonias, and Proctacanthus phila-
delphicus; as well as Lampria clavipes
(Laphriinae) (state 1). Among the outgroup
taxa, most species lack setae on the basalare
(state 0) except Rhaphiomidas maehleri (My-
didae) (state 1).

82. ANATERGAL SETAE: (0) absent; (1)
regular setae only (no macrosetae); (2) short,
stout macrosetae (length 5 12; CI 5 0.16; RI
5 0.71). Papavero (1973a) used the presence/
absence of anatergal setae (referred to as
postscutellar or metanotal setae) to divide the
Asilinae of earlier authors into Apocleinae
and Asilinae, but later Artigas and Papavero
(1997) treated these two taxa as a single
group, highlighting the point that the distri-
bution of anatergal setae is not constant
within the taxa delimited. Anatergal setae are
found here to be present in Asilinae, with the
exception of Apoclea algira, Blepharotes
splendidissimus, Dasophrys crenulatus, Eichoi-
chemus pyrrhomystax, Lochmorhynchus albi-
cans, Megaphorus pulchrus, Myaptex bra-
chyptera, Neolophonotus bimaculatus, Nomo-
myia murina, Philodicus tenuipes, Pogonioef-
feria pogonias, Proctacanthus philadelphicus,
and Promachus amastrus; as well as Mega-
poda labiata and Pseudorus distendens (Da-
sypogoninae); Dicolonus simplex (Dioctrii-
nae); Aphestia annulipes, Dasyllis funebris,
Laphria aktis, and Pilica formidolosa (all
Laphriinae); and Daspletis stenoura and
Microstylum sp. (Karkloof) (Stenopogoni-
nae) (state 1). Hermann (1912) highlighted
the short, stout macrosetae on the anatergite
of Atomosiini (Laphriinae) as a characteristic
feature and these setae are found here to be
present in Atomosiini with the exception of

2009 DIKOW: PHYLOGENY OF ASILIDAE 41



Aphestia annulipes, Orthogonis scapularis,
and Smeryngolaphria numitor (state 2).
Among the outgroup taxa, most Mydidae
possess anatergal setae as well (state 1), but
the remaining taxa possess asetose anater-
gites (state 0).

83. KATATERGAL SETAE: (0) absent; (1)
regular setae only (no macrosetae); (2)
macrosetae and regular setae (length 5 19;
CI 5 0.10; RI 5 0.62). The katatergite is
usually setose with a mixture of regular setae
and macrosetae in Asilidae (state 2). Kata-
tergal setae are only absent in Gonioscelis
ventralis and Stenopogon species (Stenopogo-
ninae) and regular setae are present in
Leptogastrinae except Lasiocnemus lugens;
as well as Megaphorus pulchrus (Asilinae);
Cyrtophrys attenuatus, Deromyia fuscipennis,
Megapoda labiata, Molobratia teutonus, Pe-
gesimallus laticornis, Pseudorus distendens,
and Senobasis corsair (all Dasypogoninae);
Atomosia puella, Cerotainia albipilosa, and
Hyperechia nigripennis (all Laphriinae); Phel-
lus olgae (Phellinae); Scleropogon subulatus
(Stenopogoninae); and some Brachyrhopali-
nae (state 1). Among the outgroup taxa, the
katatergite is usually asetose (state 0) and
Bombylius major (Bombyliidae), Afrolepto-
mydas sp. (Clanwilliam), Nemomydas bra-
chyrhynchus, Neorhaphiomidas sp. (Man-
durah), and Pseudonomoneura hirta (all
Mydidae), Nemestrinidae, and Hemigephyra
atra (Therevidae) possess katatergal setae
(state 1). Phycus frommeri (Therevidae)
possesses katatergal setae and macrosetae
(state 2).

84. KATATERGITE SHAPE: (0) slightly ele-
vated sclerite; (1) cone-shaped sclerite (length
5 2; CI 5 0.50; RI 5 0.00). The katatergite is
usually a slightly elevated sclerite dorsal of
the metathoracic spiracle (state 0), but in
Neorhaphiomidas sp. (Mandurah) and Rha-
phiomidas maehleri (Mydidae) it is a pro-
nounced, cone-shaped sclerite (state 1).

85. SETAE ON POSTERIOR MERON + METANE-

PISTERNUM: (0) absent; (1) regular setae only
(no macrosetae); (2) at least one macroseta
among setae (length 5 21; CI 5 0.09; RI 5
0.77). The posterior meron + metanepister-
num, often referred to as the metapleura, is
usually asetose in Asilidae (state 0), but all
Asilinae, Laphriinae, and Ommatiinae pos-
sess at least regular setae (state 1). Papavero

(1973a) stated that these setae are present
only in his Apocleinae, Asilinae, and Omma-
tiinae. Macrosetae among the setae are
present in many Asilinae and Ommatiinae
and Daspletis stenoura (Stenopogoninae)
(state 2). Other Asilidae possessing regular
setae are Heteropogon manicatus and Holo-
pogon priscus (Brachyrhopalinae); Megapoda
labiata and Pseudorus distendens (Dasypogo-
ninae); Dicolonus simplex and Echthodopa
pubera (Dioctriinae); Phellus olgae (Phelli-
nae); Creolestes nigribarbis, Microstylum sp.
(Karkloof), and Prolepsis tristis (all Stenopo-
goninae); Lycostommyia albifacies (Tillobro-
matinae); and Damalis monochaetes and
Damalis sp. (Palatupana) (Trigonomiminae)
(state 1). Among the outgroup taxa, only
Bombyliidae and Nemestrinidae possess reg-
ular setae (state 1).

86. SETAE ON SUPEROPOSTERIOR ANEPI-

MERON: (0) absent; (1) regular setae only
(no macrosetae); (2) at least one macroseta
among setae (length 5 22; CI 5 0.09; RI 5
0.70). Similar to the setose meron + metane-
pisternum, the anepimeron can possess setae
on its superoposterior surface as well. These
setae are found in all Ommatiinae; Asilinae
except Apoclea algira; Megapoda labiata and
Pseudorus distendens (Dasypogoninae); most
Laphriinae; Lasiocnemus lugens (Leptogastri-
nae); Daspletis stenoura and Microstylum sp.
(Karkloof) (Stenopogoninae); Phellus olgae
(Phellinae); and Lycostommyia albifacies
(Tillobromatinae) (state 1). Asilus crabroni-
formis, Myaptex brachyptera, Neoitamus cy-
anurus, Satanas gigas, and Threnia carbonaria
(all Asilinae), and Emphysomera species,
Michotamia aurata, and Afroestricus chiasto-
neurus (Ommatiinae) possess macrosetae and
regular setae (state 2). Among the outgroup
taxa, setae are found in Bombylius major
(Bombyliidae), Mydidae, with the exception
of Nemomydas brachyrhynchus, Neorhaphio-
midas sp. (Mandurah), and Rhaphiomidas
maehleri, and Nemestrinidae (state 1).

87. SHORT, STOUT, ERECT MACROSETAE ON

ANTERIOR MESONOTUM: (0) absent; (1) present
(length 5 1; CI 5 1.00; RI 5 1.00). Londt
(1988) used the short, stout, erect macrosetae
on the anterior mesonotum as distinguishing
characteristics for some Afrotropical Atomo-
siini genera. These setae are present only in
the Afrotropical Goneccalypsis argenteoviridis
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and Loewinella nigripes (Laphriinae) (state 1).
Among the outgroup taxa, all species lack
these setae (state 0).

88. NOTOPLEURAL (NPL) SETAE: (0) absent;
(1) one seta; (2) two setae; (3) three or more
setae; (4) single, short stout macroseta (length
5 42; CI 5 0.09; RI 5 0.60). Notopleural
setae are usually present in Asilidae (states 1,
2, and 3), but absent in Trigonomiminae
except Damalis sp. (Palatupana) (state 0).
The number of setae varies considerably and
states (1), (2), and (3) are found widely within
Asilidae. Chrysopogon pilosifacies and Codula
limbipennis (Brachyrhopalinae) possess par-
ticularly short, stout macrosetae that are
coded in a separate state (state 4). The
following species are coded as polymorphic
as more than one state is observed in
different individuals, i.e., states (0) and (1)
in Myelaphus melas (Dioctriinae), states (1)
and (2) in Protometer sp. (El Tuparro)
(Laphriinae), states (2) and (3) in Laxenecera
albicincta (Laphriinae); Scylaticus costalis
(Stenopogoninae); Lasiopogon cinctus (Sti-
chopogoninae); and Lycostommyia albifacies
(Tillobromatinae). Among the outgroup
taxa, Apsilocephalidae and Hemigephyra atra
(Therevidae) possess a single notopleural
(npl) seta (state 1), Phycus frommeri (There-
vidae) possesses two npl setae (state 2), and
Apioceridae and Rhaphiomidas maehleri (My-
didae) possess three or more npl setae (state
3). All remaining species lack any npl setae
(state 0).

89. TRANSVERSE (TRN) SUTURE: (0) entirely
absent (not discernible); (1) distinct, at least
on lateral surface (length 5 1; CI 5 1.00; RI
5 1.00). Yeates (1994) highlighted the
absence of the transverse suture in the genus
Neorhaphiomidas Norris, 1936 (Mydidae)
and Acroceridae. The transverse suture is
usually well developed and present in all
Asilidae (state 1). In the Mydidae except
Rhaphiomidas maehleri, it is absent or not
discernible (state 0) (fig. 63).

90. SUPRA-ALAR (SPA) SETAE: (0) absent; (1)
present (length 5 9; CI 5 0.11; RI 5 0.68).
Supra-alar setae are usually present in
Asilidae (state 1) and are absent only in all
Trigonomiminae; Chrysopogon pilosifacies,
Codula limbipennis, Dasycyrton gibbosus,
Holopogon priscus, Leptarthrus brevirostris
(all Brachyrhopalinae); Pseudorus distendens

(Dasypogoninae); and Lissoteles aquilonius
and Stichopogon trifasciatus (Stichopogoni-
nae) (state 0). Among the outgroup taxa,
supra-alar setae are absent in Bombyliidae,
Mydidae except Rhaphiomidas maehleri, Ne-
mestrinidae, and Scenopinidae (state 0).

91. POSTALAR (PAL) SETAE: (0) absent; (1)
present (length 5 12; CI 5 0.08; RI 5 0.66).
Postalar setae are usually present in Asilidae
(state 1) and are only absent in Afroholopo-
gon peregrinus, Chrysopogon pilosifacies, Co-
dula limbipennis, Dasycyrton gibbosus, Lep-
tarthrus brevirostris (all Brachyrhopalinae);
Pseudorus distendens (Dasypogoninae); Dioc-
triinae, with the exception of Broticosia
paramonovi, Dicolonus simplex, and Echtho-
dopa pubera; Hyperechia nigripennis (Laph-
riinae); Leptogastrinae, with the exception of
Acronyches maya and Leptogaster cylindrica;
and Trigonomiminae except Damalis annu-
lata (state 0). Among the outgroup taxa,
postalar setae are absent in Bombyliidae,
Mydidae except Rhaphiomidas maehleri, and
Nemestrinidae (state 0).

92. PRESUTURAL DORSOCENTRAL (DC) SE-

TAE: (0) absent; (1) present (length 5 43; CI
5 0.02; RI 5 0.44). The development of pre-
and postsutural dorsocentral setae can be
informative for identification of robber flies
and has been reviewed by Hardy (1930). Both
character states are widely found within
Asilidae. It is sometimes difficult to discern
the presutural dorsocentral setae and also
ambiguous as to how long the seta should be
to call it a well-developed dorsocentral seta.
Among the outgroup taxa, presutural dorso-
central setae are present only in Apsiloce-
phalidae and Mydidae, with the exception of
Mydas clavatus, Nemomydas brachyrhynchus,
and Rhaphiomidas maehleri (state 1).

93. PRESUTURAL ACROSTICHAL (ACR) SETAE

(IN REGULAR ROWS): (0) absent; (1) present
(length 5 12; CI 5 0.08; RI 5 0.15).
Presutural acrostichal setae arranged in
regular rows are almost always present in
Asilidae (state 1) and only absent in Dero-
myia fuscipennis, Megapoda labiata, and
Senobasis corsair (all Dasypogoninae); Go-
neccalypsis argenteoviridis (Laphriinae); Ti-
pulogaster glabrata (Leptogastrinae); Omma-
tius incurvatus (Ommatiinae); and Sticho-
pogon elegantulus (Stichopogoninae) (state
0). Among the outgroup taxa, only a few
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species lack presutural acrostichal setae
(state 0).

94. POSTSUTURAL DORSOCENTRAL (DC) SE-

TAE: (0) absent; (1) present (length 5 16; CI
5 0.06; RI 5 0.31). Postsutural dorsocentral
setae are usually developed in Asilidae (state
1) and absent only in Codula limbipennis
(Brachyrhopalinae); Molobratia teutonus and
Pegesimallus laticornis (Dasypogoninae);
Dioctria species and Myelaphus melas (Dioc-
triinae); Hoplistomerus nobilis, Lamyra gulo,
Perasis transvaalensis, Protometer sp. (El
Tuparro), and Trichardis effrena (all Laph-
riinae); Tipulogaster glabrata (Leptogastri-
nae); Stichopogon trifasciatus (Stichopogoni-
nae); and Holcocephala species (Trigono-
miminae) (state 0). Among the outgroup
taxa, most species possess postsutural dorso-
central setae (state 1).

95. SOCKETS SURROUNDING SCUTAL SETAE:
(0) absent (setae without large sockets); (1)
present (setae with large sockets) (length 5 6;
CI 5 0.16; RI 5 0.58). The base of the scutal
setae and macrosetae is usually not differen-
tiated and no particular indentation is
evident (state 0). Hermann (1912) pointed
out that many Atomosiini possess large setal
sockets on mesonotum and abdominal ter-
gites (see character 151). In Leptarthrus
brevirostris (Brachyrhopalinae); Dioctria spe-
cies (Dioctriinae); Atomosiini, with the ex-
ception of Orthogonis scapularis and Smer-
yngolaphria numitor, Hoplistomerus nobilis,
Stiphrolamyra angularis, and Trichardis ef-
frena (all Laphriinae); and Euscelidia pulchra
(Leptogastrinae), large sockets are evident
(state 1). Among the outgroup taxa, setal
sockets are not developed (state 0).

96. DEVELOPMENT OF MEDIAL SETAE ON

POSTERIOR SCUTUM (BETWEEN DC SETAE): (0)
absent; (1) present, directed posteriorly; (2)
present, directed anteriorly; (3) present,
appressed to surface, directed posteriorly
(length 5 21; CI 5 0.14; RI 5 0.43). The
posterior part of the mesonotum possesses
generally additional setae between the two
rows of dorsocentral setae. These setae are
usually oriented posteriorly in Asilidae (state
1). The setae are absent in Cyrtophrys
attenuatus, Dasypogon diadema, and Mega-
poda labiata (all Dasypogoninae); Ablautus
coquilletti (Willistonininae); and Coleomyia
setigera (state 0). In Leptogastrinae except

Beameromyia bifida; Apoclea algira (Asili-
nae); Goneccalypsis argenteoviridis and Zab-
rops tagax (Laphriinae); Lissoteles aquilonius
and Stichopogon species (Stichopogoninae);
Hypenetes stigmatias (Tillobromatinae); Hol-
cocephala species and Rhipidocephala sp.
(Harold Johnson) (Trigonomiminae); and
Acnephalum cylindricum (Willistonininae)
these setae are oriented anteriorly (state 2).
In Choerades bella, Lampria clavipes, Laphria
aktis, and Maira aenea (Laphriinae), these
setae are oriented posteriorly and more or
less tightly appressed to the thorax (state 3).
Among the outgroup taxa, the setae are
absent in Scenopinidae (state 0) and directed
anteriorly in Mydidae, with the exception of
Mitrodetus dentitarsis and Rhaphiomidas
maehleri, and Nemestrinidae (state 2). All
remaining outgroup taxa exhibit state 1.

97. SIZE OF MESONOTAL SCUTELLUM: (0)
small, mesopostnotum visible in dorsal view;
(1) large, mesopostnotum not visible in
dorsal view (length 5 4; CI 5 0.25; RI 5
0.80). Yeates and Irwin (1996) established
that the small scutellum is an autapomorphy
of a subordinate taxon of Mydidae. In
Asilidae, the scutellum is generally large and
the mesopostnotum is not visible in dorsal
view (state 1). In Cabasa pulchella (Brachyr-
hopalinae); Blepharepium cajennensis, Cy-
rtophrys attenuatus, Deromyia fuscipennis,
Megapoda labiata, Molobratia teutonus, Pe-
gesimallus laticornis, Pseudorus distendens,
and Senobasis corsair (all Dasypogoninae);
and Plesiomma sp. (Guanacaste) (Stenopo-
goninae), the scutellum is small, so that the
mesopostnotum is visible in dorsal view (state
0). Among the outgroup taxa, a small
scutellum is found in Mydidae, with the
exception of Neorhaphiomidas sp. (Man-
durah) and Rhaphiomidas maehleri (state 0).

98. APICAL SCUTELLAR (AP SCTL) SETAE: (0)
absent; (1) regular setae only (no macrose-
tae); (2) macrosetae and regular setae (length
5 31; CI 5 0.06; RI 5 0.58). Hardy (1930)
(within Asilidae) and Yeates and Irwin (1996)
(within Apioceridae and Mydidae) examined
the apical scutellar setae. In Asilidae, there
are usually some setae present, e.g., Dioc-
triinae, Leptogastrinae, Trigonomiminae,
and many Brachyrhopalinae (state 1), but
the majority of robber flies possess macro-
setae as well as regular setae on the apical
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margin of the scutellum (state 2). No apical
scutellar setae are developed in Blepharepium
cajennensis, Cyrtophrys attenuatus, Deromyia
fuscipennis, Molobratia teutonus, and Seno-
basis corsair (all Dasypogoninae); Eudioctria
albius and Myelaphus melas (Dioctriinae);
Perasis transvaalensis, Protometer sp. (El
Tuparro), and Trichardis effrena (all Laph-
riinae); Michotamia aurata (Ommatiinae);
Plesiomma sp. (Guanacaste) (Stenopogoni-
nae); and Holcocephala species, Rhipidoce-
phala sp. (Harold Johnson), and Trigono-
mima sp. (anamaliensis) (all Trigonomiminae)
(state 0). Among the outgroup taxa, Bomby-
liidae, Nemestrinidae, and Scenopinidae pos-
sess apical scutellar setae (state 1) and
Apioceridae, Apsilocephalidae, and There-
vidae possess macrosetae as well as setae
(state 2). Within Mydidae, Rhaphiomidas
maehleri possesses macrosetae and regular
setae (state 2), Mitrodetus dentitarsis and
Neorhaphiomidas sp. (Mandurah) possess
only regular setae (state 1) and in the
remaining species apical scutellar setae are
absent (state 0).

99. DISCAL SCUTELLAR (DS SCTL) SETAE: (0)
absent; (1) present (length 5 18; CI 5 0.05;
RI 5 0.65). The scutellar disc is generally
setose in Asilidae (state 1), but a few taxa
lack any setae on the scutellum. These are all
Willistonininae; Dasypogoninae, with the
exception of Megapoda labiata, Pegesimallus
laticornis, and Pseudorus distendens; Steno-
pogoninae except Enigmomorphini; Sticho-
pogoninae, with the exception of Lissoteles
aquilonius and Stichopogon punctum; and a
few other species of Brachyrhopalinae; Dioc-
triinae; Leptogastrinae; and Trigonomiminae
(state 0). Among the outgroup taxa, only
Afroleptomydas sp. (Clanwilliam), Nemomy-
das brachyrhynchus, and Pseudonomoneura
hirta (all Mydidae), Hemigephyra atra
(Therevidae), and Scenopinidae lack discal
scutellar setae (state 0).

100. COXAE AND METKATEPISTERNUM (IN

VENTRAL VIEW): (0) metkatepisternum small
and not visible between mesothoracic and
metathoracic coxae; (1) metkatepisternum
large and visible between mesothoracic and
metathoracic coxae (length 5 7; CI 5 0.14;
RI 5 0.81). Yeates and Irwin (1996) postu-
lated the large metkatepisternum (referred to
as metepisternum) as an autapomorphy for a

subordinate taxon of Mydidae. In Asilidae,
the metkatepisternum is usually small and
not visible between the mes- and metatho-
racic coxae (state 0). In Laphriinae, with the
exception of Aphestia annulipes, Atomosia
puella, Cerotainia albipilosa, Goneccalypsis
argenteoviridis, Loewinella nigripes, and Psi-
locurus modestus; as well as Megapoda labiata
and Pseudorus distendens (Dasypogoninae),
and Acronyches maya (Leptogastrinae), the
metkatepisternum is large and visible in
ventral view between the mes- and metatho-
racic coxae (state 1). Among the outgroup
taxa, Mydidae except Rhaphiomidas maehleri
and Nemestrinidae also possess a large
metkatepisternum (state 1).

101. METKATEPISTERNAL SETAE: (0) absent;
(1) present (length 5 9; CI 5 0.11; RI 5
0.85). The metkatepisternum is usually ase-
tose in Asilidae (state 0), but all Asilinae and
Ommatiinae as well as Broticosia paramonovi
(Dioctriinae); Andrenosomatini except An-
drenosoma cyrtoxys, Aphestia annulipes, and
Lamyra gulo (all Laphriinae); and Damalis
monochaetes (Trigonomiminae), possess setae
on this sclerite (state 1). Among the outgroup
taxa, all species that possess a large metka-
tepisternum (see character 100) also possess
setae (state 1).

102. POSTMETACOXAL BRIDGE: (0) absent,
postmetacoxal area entirely membranous; (1)
partly present laterally, membranous area
medially; (2) present, visible suture between
lateral halves; (3) present, entirely sclerotized
(length 5 26; CI 5 0.11; RI 5 0.56). Several
authors (e.g., Hull, 1962; Papavero, 1973a)
have emphasized the development of sclero-
tization in the postmetacoxal area in Asili-
dae. It is here coded into three different
states. Most Asilidae possess an entirely
membranous postmetacoxal area with a
straight lateral margin (state 0). A partly
developed postmetacoxal bridge in which the
lateral sclerites fold medially, but where the
median area is still membranous to a large
extent, is found in Austrosaropogon nigrinus
(Brachyrhopalinae); Pseudorus distendens
(Dasypogoninae); Leptogastrinae, with the
exception of Acronyches maya, Euscelidia
pulchra, and Lasiocnemus lugens; as well as
Lissoteles aquilonius and Stichopogon species
(Stichopogoninae); Damalis annulata and
Damalis monochaetes (Trigonomiminae);
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most Laphriinae; and a number of Asilinae
(state 1). The postmetacoxal bridge is pre-
sent, but a median suture is still visible
dividing the two halves in Euscelidia pulchra
and Lasiocnemus lugens (Leptogastrinae) and
Townsendia albomacula (Stichopogoninae)
(state 2). An entirely complete postmetacoxal
bridge is developed in Atomosiini, with the
exception of Orthogonis scapularis and Smer-
yngolaphria numitor (Laphriinae); Ommatii-
nae; Rhabdogaster pedion (Brachyrhopali-
nae); and Damalis sp. (Palatupana)
(Trigonomiminae) (state 3). Among the out-
group taxa, all species possess an entirely
membranous postmetacoxal area (state 0).

103. SHAPE OF SETAE ON LEGS: (0) only
circular setae; (1) dorsoventrally flattened
setae and circular setae (length 5 3; CI 5
0.33; RI 5 0.50). Setae on all legs are usually
circular in cross section in Asilidae (state 0),
but Willistonininae except Willistonina bili-
neata possess dorsoventrally flattened setae
as well as circular setae on the legs (state 1).
Among the outgroup taxa, only Bombylius
major (Bombyliidae) possesses dorsoventrally
flattened setae (state 1).

104. LATERAL DEPRESSION ON PROTHORAC-

IC COXA: (0) absent; (1) present (length 5 3;
CI 5 0.33; RI 5 0.85). The lateral surface of
the prothoracic coxae is usually markedly
depressed in Asilidae so that the coxae are
not circular in cross section (state 1). This
depression appears to be necessary to fold the
prothoracic femora tightly against the coxae
and thorax when perching. Only in Lepto-
gastrinae do the coxae appear to be circular
in cross section (state 0). Among the out-
group taxa, Apioceridae and Mydidae except
Pseudonomoneura hirta possess indented cox-
ae as well (state 1) whereas all remaining taxa
possess circular coxae (state 0).

105. SETAE ON ANTEROVENTRAL PROTHO-

RACIC TIBIAE: (0) absent; (1) at least three
setae present (length 5 10; CI 5 0.10; RI 5
0.72). The anteroventral surface of the
prothoracic tibiae in Asilidae are found to
possess at least three setae facing ventrome-
dially. These setae are absent only in
Afroholopogon peregrinus and Heteropogon
manicatus (Brachyrhopalinae); Lissoteles
aquilonius and Stichopogon species (Sticho-
pogoninae); Stenopogoninae, with the excep-
tion of Ancylorhynchus fulvicollis, Connomyia

varipennis, Daspletis stenoura, Gonioscelis
ventralis, Scylaticus costalis, and Stenopogon
species; and Willistonininae except Sisyrno-
dytes sp. (Gamka) (state 0). Among the
outgroup taxa, the setae are absent in all
species (state 0).

106. PROJECTIONS ON PROTHORACIC TIBIAE:
(0) absent; (1) small S-shaped spur, originat-
ing posteroventrally; (2) large spine, originat-
ing anteroventrally (length 5 8; CI 5 0.25;
RI 5 0.70). One of the most obvious
characters used in classifications on Asilidae
has been the development of spurs or spines
on the prothoracic tibiae (e.g., Hermann
1912, 1920; Hull, 1962; Papavero, 1973a;
Oldroyd, 1974a) and Hermann (1912) based
an entire taxon on the presence of projec-
tions, i.e., Acanthocneminae (unavailable
name: Sabrosky, 1999; Dikow, 2004). The
majority of Asilidae species lack any projec-
tions on the prothoracic tibiae with the
exception of straight macrosetae or setae.
The large spine found in Molobratia teutonus
(fig. 70) is easy to observe, but the smaller, S-
shaped spur in Leptarthrus brevirostris
(fig. 72) is difficult to see and to distinguish
from the surrounding macrosetae. A detailed
examination of the different tibial projections
reveals that the large spines are always
originating on the posteroventral surface
whereas the small, S-shaped spurs originate
on the anteroventral surface of the protho-
racic tibiae. Hull (1962) and Oldroyd (1974a)
recognized the different shapes of the projec-
tions, but not their different origin on the
prothoracic tibiae. Both projections are
considered here to be nonhomologous and
coded as two different states. A small, S-
shaped spur is found in Cophura brevicornis,
Leptarthrus brevirostris, and Nicocles politus
(all Brachyrhopalinae) and Thereutria amar-
aca (Dasypogoninae) (state 1). A large spine
is found in Dasypogoninae, with the excep-
tion of Archilestris magnificus and Thereutria
amaraca; as well as Austrosaropogon nigrinus,
Brachyrhopala ruficornis, Cabasa pulchella,
and Chrysopogon pilosifacies (all Brachyrho-
palinae) (state 2). Among the outgroup taxa,
tibial projections are absent (state 0).

107. BASE OF SPINE/SPUR ON PROTHORACIC

TIBIA: (0) spine/spur originating directly from
tibia; (1) spine/spur originating from projec-
tion of tibia (length 5 3; CI 5 0.33; RI 5
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0.77). The base of the prothoracic tibial
projection varies in species that possess these
projections and Hull (1962) mentioned the
pronounced and enlarged base in Molobratia.
The spine/spur originates directly from the
tibia in all Brachyrhopalinae and Blephar-
epium cajennensis, Diogmites grossus, Lesto-
myia fraudiger, Neodiogmites melanogaster,
and Thereutria amaraca (all Dasypogoninae)
(state 0). In the remaining Dasypogoninae,
the spine originates from a prominent pro-
jection on the tibia (state 1; figs. 70–71). All
species not possessing spines/spurs are coded
as inapplicable (-) (see character 106).

108. PROXIMAL PROTHORACIC TARSOMERE:
(0) cylindrical; (1) cylindrical with short
spicules; (2) expanded proximoventrally with
stout spicules (length 5 7; CI 5 0.28; RI 5
0.70). The proximal prothoracic tarsomere is
usually simple and cylindrical without any
projections in Asilidae (state 0). Hull (1962)
commented on the different development of
the prothoracic tarsomere in species possess-
ing tibial projections. In Dasypogoninae
except Archilestris magnificus and a few
species of Brachyrhopalinae, which possess
a large spine on the tibia, the proximal
tarsomere often possesses projections in
forms of spicules or expanded protuberances.
In Diogmites grossus, Lestomyia fraudiger,
Neodiogmites melanogaster, and Thereutria
amaraca (all Dasypogoninae) and Austrosar-
opogon nigrinus, Brachyrhopala ruficornis,
Cabasa pulchella, and Chrysopogon pilosifa-
cies (all Brachyrhopalinae) the proximal
tarsomere is cylindrical, but bears short
spicules (state 1; fig. 71). In the remaining
Dasypogoninae, the tarsomere is expanded
proximoventrally and stout spicules are
positioned on this elevated protuberance
(state 2). Among the outgroup taxa, all
species possess a cylindrical proximal tar-
somere (state 0).

109. ORIENTATION OF PROTHORACIC AND

MESOTHORACIC COXAE: (0) distinctly directed
posteriorly; (1) more or less directed ventrally
(sometimes even anteriorly) (length 5 7; CI

Figs. 70–72. SEM micrographs of prothoracic
tibiae in lateral view. 70. Molobratia teutonus
(Dasypogoninae). 71. Molobratia teutonus, detail

r

of spine with spicules on tarsomere. 72. Leptar-
thrus brevirostris (Brachyrhopalinae). Scale lines 5
200 mm.
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5 0.14; RI 5 0.87). In Asilidae, the pro- and
mesothoracic coxae are usually directed more
or less ventrally (sometimes even anteriorly),
which permits them to catch and hold prey
directly under the thorax (state 1; fig. 61). In
Ceraturgus fasciatus (Brachyrhopalinae);
Laphriinae except Atomosiini sensu stricto;
Megapoda labiata and Pseudorus distendens
(Dasypogoninae); Creolestes nigribarbis (Ste-
nopogoninae); Lissoteles aquilonius and Sti-
chopogon species (Stichopogoninae); and
Tillobroma punctipennis (Tillobromatinae),
the coxae are directed posteriorly (state 0).
Among the outgroup taxa, the coxae are also
directed posteriorly (state 0).

110. MACROSETAE ON ANTERO-DORSAL SUR-

FACE OF MESOTHORACIC TIBIAE: (0) absent; (1)
one seta present; (2) several setae in one row
present (length 5 18; CI 5 0.11; RI 5 0.36).
Hennig (1973) postulated the densely bristled
legs as an autapomorphy of Asilidae. I,
however, am unable to find any particular
setal arrangement or characters of the legs
that could be easily homologized for the
entire taxon. The row of macrosetae on the
anterodorsal surface of the mesothoracic
tibia is the only exception. Most Asilidae
possess several setae at this position (state 2),
but all Leptogastrinae; Blepharotes splendi-
dissimus, Colepia rufiventris, Heligmonevra
laevis, Megaphorus pulchrus, Pogonioefferia
pogonias, and Zosteria rosevillensis (all Asili-
nae); Myelaphus melas (Dioctriinae); and
Laphria species (Laphriinae) lack any strong
macrosetae on the mesothoracic tibia (state
0). Apoclea algira, Lochmorhynchus albicans,
Nomomyia murina, and Philodicus tenuipes
(all Asilinae) possess only a single seta (state
1). Among the outgroup taxa, most species
possess a few setae (state 2) and only
Nemomydas brachyrhynchus and Neorhaphio-
midas sp. (Mandurah) (Mydidae), Nemestri-
nidae, and Scenopinidae lack setae (state 0).
Asilus sericeus and Lycomya germainii (Asi-
linae, 0/1) and Ommatius tibialis (Ommatii-
nae, 1/2) are coded as polymorphic as several
individuals possess different numbers of
setae.

111. ORIENTATION OF METATHORACIC COX-

AE: (0) distinctly directed ventrally to poste-
riorly; (1) directed anteriorly (length 5 1; CI
5 1.00; RI 5 1.00). The metathoracic coxae
are directed ventrally to posteriorly in most

Asilidae and all outgroup taxa (state 0). In
Leptogastrinae except Acronyches maya, the
coxae are distinctly directed anteriorly (state
1). Among the outgroup taxa, all species
exhibit state 0.

112. SETAE ON LATERAL SURFACE OF META-

THORACIC COXA: (0) absent; (1) regular setae
only (no macrosetae); (2) macrosetae and
regular setae (length 5 22; CI 5 0.09; RI 5
0.70). Robber flies usually possess setae on
the lateral surface of the metathoracic coxae
and often these setae are developed as strong
macrosetae. Setae are absent in Tipulogaster
glabrata and Euscelidia pulchra (Leptogastri-
nae); Townsendia albomacula (Stichopogoni-
nae); and Coleomyia setigera (state 0).
Macrosetae are generally found within Asili-
nae; Dasypogoninae; Ommatiinae; and Ste-
nopogoninae (state 2), whereas the remaining
taxa possess generally only regular setae
(state 1). Among the outgroup taxa, all three
character states are found.

113. PROTUBERANCE ON ANTERIOR SURFACE

OF METATHORACIC COXA: (0) absent; (1)
present, protuberance blunt distally; (2)
present, peglike protuberance pointed distally
(length 5 16; CI 5 0.12; RI 5 0.39).
Cannings (2002) observed the blunt protu-
berance on the anterior surface of the
metathoracic coxa of some Stichopogoninae
in contrast to species of Lasiopogon, and
Londt (2005a) based the description of the
Afrotropical genus Ischiolobos Londt, 2005
(placed in Stenopogoninae sensu Papavero,
1973a), on the presence of a blunt protuber-
ance on the metathoracic coxa. The majority
of Asilidae do not possess any protuberance
on the metathoracic coxae (state 0). In
Bathypogoninae; as well as Cophura brevi-
cornis, Holopogon priscus, Metapogon puncti-
pennis, Nannocyrtopogon lestomyiformis (all
Brachyrhopalinae); Creolestes nigribarbis
(Stenopogoninae); Stichopogon species (Sti-
chopogoninae); Hypenetes stigmatias and
Tillobroma punctipennis (Tillobromatinae);
Trichoura sp. (Tierberg) and Willistonina
bilineata (Willistonininae); and Coleomyia
setigera, a blunt protuberance is present
(state 1). In Dioctria species, Eudioctria
albius, and Nannodioctria sp. (formicaphaga)
(all Dioctriinae), a peglike, pointed protuber-
ance is developed (state 2). Among the
outgroup taxa, all Apioceridae, Apsilocepha-
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lidae, Scenopinidae, and Therevidae possess
a blunt protuberance on the metathoracic
coxae (state 1).

114. SETAE ON MEDIAN SURFACE OF META-

THORACIC TROCHANTER: (0) absent; (1) regu-
lar setae only (no macrosetae); (2) macrosetae
and regular setae (length 5 28; CI 5 0.07; RI
5 0.64). All Asilidae species possess at least
regular setae on the median surface of the
metathoracic trochanter (state 1) and many
species of Asilinae; Bathypogoninae; Dioc-
triinae; Ommatiinae; Stenopogoninae; Sti-
chopogoninae; and Tillobromatinae possess
macrosetae (state 2). Among the outgroup
taxa, these setae are absent in Rhaphiomidas
maehleri (Mydidae) and most other species
only possess setae (state 1).

115. SHAPE OF MEDIAN SURFACE OF META-

THORACIC TROCHANTER: (0) cylindrical, me-
dially without expansion; (1) medially with
posteriorly directed expansion (length 5 5;
CI 5 0.20; RI 5 0.33). The metathoracic
trochanter is usually cylindrical in Asilidae
(state 0), but in Lampria clavipes, Laxenecera
albicincta, and Maira aenea (all Laphriinae),
as well as Damalis species (Trigonomiminae),
the medial surface of the trochanter is
expanded (state 1). Among the outgroup
taxa, only Mydas clavatus (Mydidae) pos-
sesses a medially expanded trochanter (state 1).

116. SETATION ON VENTRAL SURFACE OF

METATHORACIC FEMUR: (0) absent or only
regular setae present; (1) macrosetae present;
(2) short, stout, cone-shaped macrosetae
present (length 5 30; CI 5 0.06; RI 5
0.66). Woodley (1989) postulated that the
short, stout, cone-shaped macrosetae on the
ventral surface of the metathoracic femur
found in many Mydidae is an autapomorphy
of this taxon. Although Asilidae usually
possess setae on the ventral surface of the
metathoracic femur (state 0), only within
Asilinae; Ommatiinae; and Stenopogoninae
do the majority of species possess macrosetae
(state 1). Brachyrhopala ruficornis (Brachyr-
hopalinae); Hoplistomerus nobilis, Lampria
clavipes, and Trichardis effrena (all Laphrii-
nae); Hypenetes stigmatias and Lycostom-
myia albifacies (Tillobromatinae); and Da-
malis monochaetes and Damalis sp. (Pala-
tupana) (Trigonomiminae) possess short,
stout, cone-shaped macrosetae (state 2).
Among the outgroup taxa, cone-shaped

macrosetae are only found in Afroleptomydas
sp. (Clanwilliam) and Mydas clavatus within
Mydidae (state 2) although all remaining
species of Mydidae and Apioceridae possess
macrosetae on the ventral metathoracic
femora (state 1).

117. CUTICULAR FACETS MEDIALLY ON

PROXIMAL SURFACE OF METATHORACIC FE-

MUR: (0) absent; (1) present (length 5 1; CI
5 1.00; RI 5 1.00). Clements (1985) observed
the presence of cuticular facets on the
metathoracic femora in all known species of
Codula and most species of Chrysopogon and
absence of these in Chryseutria Hardy, 1928,
and Opseostlengis White, 1914, all belonging
to his concept of Chrysopogonini. These
cuticular facets are found here to be present
only in Chrysopogon pilosifacies and Codula
limbipennis (state 1). Among the outgroup
taxa, cuticular facets are lacking (state 0).

118. FRINGE OF PARALLEL SETAE VENTRAL-

LY ON METATHORACIC FEMORA AND TIBIA: (0)
absent; (1) present on tibiae only; (2) present
on femora and tibiae (length 5 4; CI 5 0.50;
RI 5 0.83). Fisher (personal commun.)
pointed out the fringe of parallel setae on
the ventral metathoracic femora and tibiae in
many Dioctriinae and Atomosiini (Laphrii-
nae). These setae are present on the meta-
thoracic tibiae only in Aphestia annulipes
(Laphriinae) (state 1) and present on femora
and tibiae in Dioctriinae, with the exception
of Broticosia paramonovi and Myelaphus
melas; and the remaining Atomosiini (all
Laphriinae) (state 2). The fringe of parallel
setae are absent in all remaining Asilidae and
all outgroup taxa (state 0).

119. SHAPE OF METATHORACIC TIBIA: (0)
straight; (1) arched laterally; (2) arched
medially (length 5 10; CI 5 0.20; RI 5
0.50). The metathoracic tibia is usually
straight in Asilidae (state 0), but in a number
of species of Dasypogoninae and Laphriinae,
it is distinctly arched laterally or medially.
Laterally arched tibiae are found in Andre-
nosoma cyrtoxys, Dasyllis funebris, Hoplisto-
merus nobilis, Hyperechia nigripennis, Lam-
pria clavipes, Laphria species, Laphystia
aegyptiaca, Laxenecera albicincta, Maira
aenea, Nusa infumata, Pilica formidolosa,
and Trichardis effrena (all Laphriinae) (state
1), and medially arched tibiae are found in
Blepharepium cajennensis, Cyrtophrys attenu-
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atus, Deromyia fuscipennis, and Senobasis
corsair (all Dasypogoninae) (state 2). Among
the outgroup taxa, Mydas clavatus (Mydidae)
is the only species possessing a laterally
arched tibia (state 1).

120. LENGTH OF PROXIMAL PROTHORACIC

TARSOMERE: (0) shorter or same length as
following two tarsomeres combined; (1)
longer than following two tarsomeres com-
bined (length 5 24; CI 5 0.04; RI 5 0.70).
The length of the proximal tarsomeres
relative to the following tarsomeres has been
used as a diagnostic and phylogenetic char-
acter within Mydidae (e.g., Papavero and
Wilcox, 1974; Yeates and Irwin, 1996), but
has not been evaluated across Asilidae. Here,
it is only determined whether the proximal
tarsomere is shorter or longer than the two
following tarsomeres combined, to avoid
morphometric calculations that cannot be
coded as discrete character states. See table 3
for character state distribution within Asili-
dae. Among the outgroup taxa, most species
possess longer proximal tarsomeres (state 1)
and only Mydidae, with the exception of
Neorhaphiomidas sp. (Mandurah), Opomydas

townsendi, and Rhaphiomidas maehleri pos-
sess shorter proximal tarsomeres (state 0).

121. LENGTH OF PROXIMAL MESOTHORACIC

TARSOMERE: (0) shorter or same length as
following two tarsomeres combined; (1) longer
than following two tarsomeres combined
(length 5 29; CI 5 0.03; RI 5 0.67). See
character 120 and table 3. Among the out-
group taxa, most species possess longer
proximal tarsomeres (state 1) and only Mydi-
dae, with the exception of Neorhaphiomidas
sp. (Mandurah) and Rhaphiomidas maehleri
possess shorter proximal tarsomeres (state 0).

122. LENGTH OF PROXIMAL METATHORACIC

TARSOMERE: (0) shorter or same length as
following two tarsomeres combined; (1)
longer than following two tarsomeres com-
bined (length 5 14; CI 5 0.07; RI 5 0.50).
See character 120 and table 3. Among the
outgroup taxa, most species possess longer
proximal tarsomeres (state 1) and only
Mydidae, with the exception of Mitrodetus
dentitarsis, Neorhaphiomidas sp. (Mandurah),
Opomydas townsendi, and Rhaphiomidas
maehleri possess shorter proximal tarsomeres
(state 0).

TABLE 3
Distribution of lengths of proximal tarsomeres (chars. 120–122)

Note that a species exhibiting state (0) on the prothoracic leg might not exhibit the same state on another leg,
for example, and the columns are just counts of species; see character matrix in appendix 1 for details;
number in parentheses following the taxon name equals number of species of the taxon included in the
present study; state 0 5 shorter or equal to the length of two following tarsomeres combined; state 1 5 longer
than two following tarsomeres combined

Taxon

prothoracic mesothoracic metathoracic

state 0 state 1 state 0 state 1 state 0 state 1

Asilinae (32) 21 11 20 12 4 28

Bathypogoninae (1) – 1 – 1 – 1

Brachyrhopalinae (18) 2 16 13 5 all –

Dasypogoninae (16) – all – all – all

Dioctriinae (9) 8 1 7 2 1 8

Laphriinae (29) 13 16 13 16 2 27

Leptogastrinae (7) 2 5 3 4 3 4

Ommatiinae (7) all – 4 3 – all

Phellinae (2) – all – all – all

Stenopogoninae (13) 2 11 – all – all

Stichopogoninae (7) all – all – all –

Tillobromatinae (3) – all 2 1 – all

Trigonomiminae (7) 6 1 6 1 4 3

Willistonininae (5) all – all – 2 3

Coleomyia setigera – 1 – 1 – 1

Oligopogon sp. (Cape Recife) 1 – 1 – – 1
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123. PULVILLI: (0) absent; (1) present
(length 5 3; CI 5 0.33; RI 5 0.77). Martin
(1968) observed that the pulvilli are absent in
all Leptogastrinae and a few other species of
Asilidae and concluded that the lack of
pulvilli is a plesiomorphic character. Pulvilli
are found here to be absent in all Leptogas-
trinae as well as Ablautus coquilletti, Acne-
phalum cylindricum, and Sisyrnodytes sp.
(Gamka) (all Willistonininae) (state 0).
Among the outgroup taxa, pulvilli are
present in all species (state 1).

124. NUMBER OF DORSAL LONGITUDINAL

RIDGES ON PULVILLI: (0) one; (1) two (length
5 2; CI 5 0.50; RI 5 0.90). Bequaert (1961)
and later Yeates and Irwin (1996) discussed
the number of dorsal longitudinal ridges on
the pulvilli in Asiloidea and found that all
Apioceridae and Mydidae possess only a
single ridge whereas Asilidae and other
Asiloidea possess two. A single ridge is found
here in Megapoda labiata and Pseudorus
distendens (Dasypogoninae) as well as all
Apioceridae and Mydidae (state 0). All
remaining taxa possess two ridges (state 1).
All species lacking pulvilli (see character 123)
are coded as inapplicable (-).

125. SHAPE OF CLAWS: (0) abruptly angled
distally; (1) fairly straight throughout (length
5 4; CI 5 0.25; RI 5 0.70). In Asiloidea, the
claws are usually abruptly angled distally
(state 0), but in all Leptogastrinae; Lestomyia
fraudiger (Dasypogoninae), and Ablautus
coquilletti, Acnephalum cylindricum, and Si-
syrnodytes sp. (Gamka) (all Willistonininae),
the claws are more or less straight and only
slightly angled distally (state 1). Among the
outgroup taxa, the claws are always angled
distally (state 0).

126. SHAPE OF TIP OF CLAWS: (0) pointed;
(1) blunt (length 5 3; CI 5 0.33; RI 5 0.33).
The tip of the claws is usually pointed in
Asiloidea (state 0), but Eichoichemus pyrrho-
mystax and Megaphorus pulchrus (Asilinae)
as well as Lamyra gulo and Stiphrolamyra
angularis (Laphriinae) possess claws with a
blunt tip (state 1). Hull (1962), in delimiting
the Ctenotini (Laphriinae), mentioned the
presence of blunt claws. Among the outgroup
taxa, the claws are always pointed (state 0).

127. DEVELOPMENT OF SETIFORM EMPO-

DIUM: (0) well developed (as long as claws);
(1) reduced in length to varying degree; (2)

minute or entirely absent (length 5 31; CI 5
0.06; RI 5 0.58). In all Heterodactyla the
empodium is setiform (McAlpine, 1981;
Stuckenberg, 2001), and in most Asilidae it
is well developed and as long as the claws
(state 0). In many Brachyrhopalinae; Dasy-
pogoninae; Leptogastrinae; Trigonomiminae;
and Stenopogoninae, the empodium is re-
duced in length to a varying degree (state 1).
In Acronyches maya (Leptogastrinae) and
Ablautus coquilletti (Willistonininae) it is
reduced to a minute sclerite or entirely absent
(state 2). Among the outgroup taxa, in all
Apioceridae, Mydidae, and Scenopinidae the
empodium is minute or entirely absent (state
2, see also Yeates and Irwin, 1996). Nemes-
trinidae is coded as inapplicable (-) as it does
not possess a setiform empodium, which is an
autapomorphy for the Heterodactyla (see
Introduction).

WING

Figures 73–85 illustrate a diversity of
robber-fly wings and all wing veins and cells
are labeled in figures 73–74.

128. ANTERIOR MARGIN OF WING IN MALES:
(0) straight; (1) C bulging anteriorly (length
5 5; CI 5 0.20; RI 5 0.00). In general, the
anterior margin of the wing is straight in
male and female Asilidae. In Clephydroneura
sundaica and Nomomyia murina (Asilinae) as
well as Emphysomera conopsoides, Ommatius
incurvatus, and Ommatius tibialis (all Omma-
tiinae), the anterior margin of the wing is
expanded anteriorly in males (state 1).
Among the outgroup taxa, the anterior wing
margin is always straight (state 0).

129. UPPER CALYPTER: (0) reduced; (1) well
developed (length 5 2; CI 5 0.50; RI 5
0.75). The upper calypter is well developed in
the Apsilocephalidae, Poecilognathus sp. (El
Hacha) (Bombyliidae), Scenopinidae, and
Therevidae (state 1), but reduced in all
Apioceridae, Asilidae, and Mydidae (state
0). Yeates (1994) interpreted the reduction of
the upper calypter differently and stated that
it is reduced only in taxa with an elongated
body shape, e.g., Leptogaster. It is certainly
further reduced in Leptogastrinae than in
other Asilidae, but in all examined species of
Apioceridae, Asilidae, and Mydidae it is only
a small lobe more or less continuous with the
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thorax along the axillary cord in contrast to
other outgroup taxa in which it is a distinct
lobe.

130. ALULA: (0) well developed; (1) re-
duced in size to small lobe; (2) reduced
entirely, nearly straight wing margin (length
5 16; CI 5 0.12; RI 5 0.72). Karl (1959) and
Martin (1968) discussed the reduction of the
alula as an autapomorphy of the Leptogas-
trinae in contrast to most other species of
Asilidae, which have a well-developed alula.
Two different states of reduction are recog-
nized here in that the alula can be reduced,
but a small lobe is still distinct (state 1;
figs. 76–77, 83–84) and the alula is complete-
ly reduced so that the posterior wing margin
is nearly straight (state 2; fig. 85). State 1 is
found in most Brachyrhopalinae with the
exception of Ceraturgus fasciatus, Chrysopo-
gon pilosifacies, Codula limbipennis, and

Dasycyrton gibbosus, as well as Cyrtophrys
attenuatus and Deromyia fuscipennis (Dasy-
pogoninae); Dicolonus simplex, Dioctria spe-
cies, Echthodopa pubera, Eudioctria albius,
and Nannodioctria sp. (formicaphaga) (all
Dioctriinae); Atomosia puella, Cerotainia
albipilosa, and Psilocurus modestus (all Laph-
riinae); most Trigonomiminae except Dama-
lis species; Trichoura sp. (Tierberg) and
Willistonina bilineata (Willistonininae); and
Coleomyia setigera. State 2 is found in all
Leptogastrinae and Stichopogoninae; Broti-
cosia paramonovi (Dioctriinae); Goneccalypsis
argenteoviridis and Loewinella nigripes
(Laphriinae); and Oligopogon sp. (Cape
Recife). Among the outgroup taxa, the alula
is partly reduced in Apsilocephalidae (state 1).

131. CELL r1: (0) open; (1) closed, R1 and
R2+3 meet apically and form a stalk vein
(petiolate); (2) closed, R1 and R2+3 meet

Figs. 73–74. Wings. 73. Hoplistomerus nobilis (Laphriinae). 74. Promachus amastrus (Asilinae). Wing
veins and cells labeled; for abbreviations see character descriptions and McAlpine (1981). Scale lines 5 1 mm.
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directly at C (length 5 8; CI 5 0.25; RI 5
0.92). Hull (1962), Papavero (1973a), and
subsequent authors widely used the develop-
ment of cell r1 for separating taxa of Asilidae,
but highlighted the fact that this character

has to be used with caution because a closed
cell r1 is supposed to have arisen several times
independently (see Discussion). An open cell
r1, in which veins R1 and R2+3 reach the wing
margin separately, is present in most Asilidae

Figs. 75–85. Wings of Asilidae species. 75. Laxenecera albicincta; 76. Laphystia tolandi; 77. Atomosia
puella (all Laphriinae); 78. Philonicus albiceps; 79. Pogonioefferia pogonias; 80. Megaphorus pulchrus (all
Asilinae); 81. Microstylum sp. (Karkloof) (Stenopogoninae); 82. Dasypogon diadema (Dasypogoninae); 83.
Dioctria atricapillus (Dioctriinae); 84. Holcocephala calva (Trigonomiminae); 85. Euscelidia pulchra
(Leptogastrinae). Scale lines 5 1 mm.
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(state 0; figs. 81–85). In Asilinae; Megapoda
labiata, Pseudorus distendens, and Thereutria
amaraca (all Dasypogoninae); Laphriinae
except Psilocurus modestus; Ommatiinae; as
well as Apioceridae and Mydidae cell r1 is
closed (state 1 and 2). When cell r1 is closed, a
stalk vein formed by R1 and R2+3 is generally
present (state 1; figs. 75, 77–80) and only in a
few species of Laphriinae, i.e., Hoplistomerus
nobilis, Laphystia species, Perasis transvaa-
lensis, Protometer sp. (El Tuparro), and
Zabrops tagax, R1 and R2+3 reach the wing
margin at the same point (state 2; figs. 73,
76). Among the outgroup taxa, cell r1 is
closed in all Apioceridae and Mydidae (state
1) and open in the remaining species (state 0).

132. CELL r4: (0) open; (1) closed (length 5
1; CI 5 1.00; RI 5 1.00). Cell r4 is open in all
Asilidae species (state 1). Among the out-
group taxa, it is closed only in Mydidae
except Rhaphiomidas maehleri (state 1).

133. CELL r4 SHAPE: (0) R4 and R5 more or
less parallel; (1) R4 and R5 diverging from
each other; (2) R4 and R5 approximating
each other medially; (3) R4 and R5 approx-
imating each other distally (medially farthest
apart); (4) R4 and R5 farthest apart in
proximal one-third (length 5 26; CI 5 0.15;
RI 5 0.69). R4 and R5 run more or less
parallel in many Brachyrhopalinae; Cerotai-
nia albipilosa (Laphriinae); Leptogastrinae;
Ommatiinae; Holcocephala species and Tri-
gonomima sp. (anamaliensis) (Trigonomimi-
nae) (state 0; figs. 84–85). Within the Asili-
nae, the shape of cell r4 varies considerably
and states (0–3) are found with the most
common configuration being a medially
approximating R4 and R5 (state 2; fig. 78).
State 3 is illustrated in figure 79. In all
remaining species of Asilidae, R4 and R5

diverge from each other at the wing margin
(state 1; figs. 73–77, 80–83). Among the
outgroup taxa, Apioceridae and Apsiloce-
phalidae possess state 0, Mydidae and
Nemestrinidae possess state 4, and the
remaining taxa exhibit state 1.

134. CELL r5: (0) open; (1) closed (length 5
13; CI 5 0.07; RI 5 0.14). Cell r5 is generally
open among species of Asilidae (state 0, e.g.;
fig. 74) and only in Apoclea algira (Asilinae);
Hoplistomerus nobilis, Hyperechia nigripennis,
Laxenecera albicincta, Nusa infumata, Perasis
transvaalensis, Pilica formidolosa, Trichardis

effrena, and Zabrops tagax (all Laphriinae);
Daspletis stenoura (Stenopogoninae); Sisyr-
nodytes sp. (Gamka) (Willistonininae) cell r5

is closed (state 1; figs. 73, 75). Among the
outgroup taxa, cell r5 is mostly open (state 0),
but a few Mydidae possess a closed cell r5

(state 1).
135. CELL m3: (0) open; (1) closed (length

5 11; CI 5 0.09; RI 5 0.85). Cell m3 is closed
in all Asilinae; Laphriinae; Ommatiinae; and
a few other Asilidae species (state 1; figs. 73–
82). Among the outgroup taxa, this cell is
absent due to the reduction of vein M3 in
Bombyliidae and the species are coded as
inapplicable (-), but it is open in Scenopini-
dae, in which vein M2 is absent (state 0). In
all remaining species it is closed (state 1).

136. CELL cup: (0) open; (1) closed (length
5 18; CI 5 0.05; RI 5 0.66). Karl (1959)
used the open or closed cell cup in his
phylogeny of Asilidae. Cell cup is closed in
all Asilinae; Bathypogoninae; Laphriinae;
Ommatiinae; Phellinae; Stichopogoninae;
many Stenopogoninae; and most Trigonomi-
minae (state 1; figs. 73–82). All remaining
Asilidae possess an open cell cup (state 0;
fig. 85). Trigonomima sp. (anamaliensis) is
coded as polymorphic (state 0/1) because
different individuals are observed, in which
cell cup is open or closed. Among the
outgroup taxa, cell cup is usually closed
(state 1) except in Bombylius major (Bomby-
liidae) and Nemestrinidae.

137. CELL d, DISTAL END: (0) base of M2

and m-m closing cell in nearly a single line;
(1) only m-m closing cell, M1 branching
proximally; (2) only base of M2 closing cell,
M3 branching proximally; (3) M2 and M3

closing cell, not aligned; (4) only base of M2

closing cell, m-m absent (or at least highly
reduced); (5) only base of M2 closing cell,
distal M3 absent (length 5 19; CI 5 0.26; RI
5 0.74). Cell d lies in the center of the wing in
Asilidae. The branching of veins M1 and M3

forms the proximal angle. The distal tip is
composed of veins M1, M2, and crossvein m-
m (fig. 86). The branching between M1 and
M2 varies in its position. State 0 is found
when the branching is situated close to the
distal tip of cell d and the proximal part of
M2 and crossvein m-m form nearly a straight
line (figs. 83, 86). This arrangement is found
in some species of Brachyrhopalinae; Dioc-
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triinae; Leptogastrinae; Stichopogoninae;
Trigonomiminae; and Willistonininae (state
0). State 1 is observed when the branching is
situated more closely to the center of cell d,
thus proximal part of M2 and crossvein m-m
are in an angle of about 90u (figs. 84, 86) and
this arrangement is present in Lasiocnemus
lugens, Leptogaster species, and Tipulogaster
glabrata (Leptogastrinae). Laphriinae, with
the exception of most Atomosiini; as well as
Asilinae; Bathypogoninae; Dasypogoninae;
Ommatiinae; Phellinae; Stenopogoninae ex-
cept Connomyia varipennis; Tillobromatinae;
and a few other species exhibit state 2 where
M3 branches off proximal to where M2

originates and therefore m-m and M2 are
arranged in an angle (figs. 75–76, 78–82, 86).
In the Atomosiini except Smeryngolaphria
numitor (Laphriinae) m-m is absent or largely
reduced so that the base of M2 and part of
M3 are aligned in a straight line from anterior
to posterior (state 4; figs. 77, 86; see character
150). In Townsendia albomacula (Stichopo-
goninae) and Trigonomima sp. (anamaliensis)
(Trigonomiminae) the distal part of M3 is
absent and cell d is only closed by M2

because m-m is also absent (state 5; fig. 86).
Among the outgroup taxa, the Bombyliidae

is coded as inapplicable (-) because vein M3 is
not present and therefore no cell d is
developed. Mydidae and Nemestrinidae ex-
hibit state 3 whereas Apioceridae and Pro-
rates sp. (Escalante) exhibit state 2.

138. POSITION OF r-m WITH RESPECT TO

CELL d (OR CELL dm): (0) proximal half; (1)
distal half; (2) distal tip (length 5 36; CI 5
0.05; RI 5 0.50). Yeates and Irwin (1996)
used this character in the phylogenetic
analysis of Apioceridae and Mydidae and
established the position of r-m at the distal
tip of cell d as an autapomorphy for a
subordinate taxon of Mydidae. Within Asi-
lidae and all remaining outgroup taxa the
position of r-m with respect to cell d varies
considerably and both states (0 and 1) are
found throughout the taxa. State 0 is
illustrated in figures 73–76 and 83–85 and
state 1 is shown in figures 77 and 82. State 2
is here found to be present in Mydidae except
Neorhaphiomidas sp. (Mandurah).

139. DEVELOPMENT OF DISCAL MEDIAL CELL

(CELL dm): (0) absent; (1) present (length 5 2;
CI 5 0.50; RI 5 0.00). McAlpine (1981) and
Yeates (1994) pointed out that with the loss
of vein M3, cell d cannot form. Vein M3 is
absent in Bombyliidae and therefore only cell
dm is present in this taxon (state 1).

140. EXTENT OF C: (0) around entire wing
(circumambient); (1) terminating at wing
apex; (2) terminating at apices of CuA2 and
A1; (3) terminating at apex of M2; (4)
terminating at apex of M1 (length 5 19; CI
5 0.21; RI 5 0.37). In most Asilidae and
outgroup species, the costal vein C is
developed around the entire wing (circum-
ambient, state 0; figs. 74, 78–79, 81, 83–85).
Different reductions of this configuration can
be found in Laphriinae. In Laxenecera
albicincta, Nusa infumata, and Trichardis
effrena, C is reduced and terminates at the
wing apex (state 1; fig. 75), whereas in
Hoplistomerus nobilis, Laphystia species, and
Protometer sp. (El Tuparro), it terminates at
CuA2 and A1 (state 2; figs. 73, 76). In
Aphestia annulipes, Atomosia puella, and
Cerotainia albipilosa, C terminates at M2

(state 2; fig. 77). Outside of Laphriinae, state
1 is found in Megaphorus pulchrus (fig. 80)
and Satanas gigas (Asilinae) as well as
Sisyrnodytes sp. (Gamka) (Willistonininae)
and state 2 is found in Afroholopogon

Fig. 86. Schematic drawing of closure of cell d
coded in character 137. Character states, wing
veins, and wing cells labeled; character state 3,
which is only found in Mydidae and Nemestrini-
dae, not illustrated; for abbreviations see character
description and McAlpine (1981); not to scale.
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peregrinus, Dasycyrton gibbosus, and Rhab-
dogaster pedion (Brachyrhopalinae); Damalis
species (Trigonomiminae); and Acnephalum
cylindricum and Trichoura sp. (Tierberg)
(Willistonininae). Among the outgroup taxa,
Scenopinidae and Hemigephyra atra (There-
vidae) possess a costal vein terminating at the
wing apex (state 1) and in the Mydidae
species Afroleptomydas sp. (Clanwilliam),
Mitrodetus dentitarsis, Nemomydas brachyr-
hynchus, Neorhaphiomidas sp. (Mandurah),
and Pseudonomoneura hirta, C terminates at
vein M1 (state 4).

141. MICROTRICHIA ON POSTERIOR WING

MARGIN: (0) arranged in a single plane; (1)
arranged in two divergent planes; (2) absent
(length 5 26; CI 5 0.07; RI 5 0.46). Londt
(2005b) used the development of microtrichia
on the posterior wing margin as a character
to separate certain Afrotropical Apocleinae
genera (sensu Papavero, 1973a) following
Blasdale (unpublished) who has studied the
Afrotropical Bactria Meigen, 1820, and
Promachus species (see Geller-Grimm, 2004,
for synonymy of these genera). In most taxa
examined, the microtrichia are arranged in a
single plane (state 0). In a number of
Asilinae; Dasypogoninae; Laphriinae; as well
as Acronyches maya (Leptogastrinae); Micho-
tamia aurata (Ommatiinae); Phellus olgae
(Phellinae); and Gonioscelis ventralis and
Microstylum sp. (Karkloof) (Stenopogoni-
nae), the microtrichia are arranged in two
divergent planes (state 1). In Blepharotes
splendidissimus and Satanas gigas (Asilinae);
Obelophorus terebratus (Phellinae); and Si-
syrnodytes sp. (Gamka) (Willistonininae), the
microtrichia on the posterior margin of the
wing are reduced (state 2). Among the
outgroup taxa, Phycus frommeri (Therevidae)
exhibits state 1 and in Mitrodetus dentitarsis
and Neorhaphiomidas sp. (Mandurah) (My-
didae) the microtrichia are reduced (state 2).

142. APEX OF R2+3: (0) relatively straight;
(1) arching sharply anteriorly in 90u angle
(length 5 7; CI 5 0.14; RI 5 0.50). Wood
(1981) and later authors used the sharply
arching vein R2+3 as a diagnostic feature to
separate genera of Laphriinae from Laphys-
tia and relatives (Laphystiinae sensu Papa-
vero, 1973a). Most Asilidae exhibit a rela-
tively straight vein R2+3 (state 0; figs. 74–75,
77–81, 83–85). Among the Laphriinae, Ho-

plistomerus nobilis, Perasis transvaalensis,
Protometer sp. (El Tuparro), Trichardis
effrena, and Zabrops tagax; as well as Bath-
ypogoninae; Gonioscelis ventralis, Osprio-
cerus aeacus, Scleropogon subulatus, and
Stenopogon species (all Stenopogoninae);
Hypenetes stigmatias (Tillobromatinae); and
Sisyrnodytes sp. (Gamka) (Willistonininae)
possess a sharply anteriorly arching vein R2+3

(state 1; fig. 73). Among the outgroup taxa,
the R2+3 is relatively straight (state 0).

143. APEX OF R4: (0) terminating anterior
to wing apex; (1) terminating at wing apex;
(2) terminating posterior to wing apex; (3)
not reaching C (or wing margin) (length 5
14; CI 5 0.21; RI 5 0.60). In most Asilidae
species, the apex of vein R4 reaches the wing
margin anterior to the wing apex (state 0;
figs. 73–84). In Austrosaropogon nigrinus,
Leptarthrus brevirostris, and Rhabdogaster
pedion (all Brachyrhopalinae); Cyrtophrys
attenuatus, Deromyia fuscipennis, Molobratia
teutonus, and Senobasis corsair (all Dasypo-
goninae); Dioctria hyalipennis, Dioctria ru-
fipes, and Nannodioctria sp. (formicaphaga)
(all Dioctriinae); Euscelidia pulchra (Lepto-
gastrinae); Lasiopogon species, Lissoteles
aquilonius, Stichopogon punctum, and Sticho-
pogon trifasciatus (all Stichopogoninae); and
Trigonomima sp. (anamaliensis) (Trigonomi-
minae), R4 reaches the wing margin at the
wing apex (state 1). In Leptogastrinae except
Euscelidia pulchra and Pegesimallus laticornis
(Dasypogoninae), vein R4 reaches the wing
margin always posterior to the wing apex
(state 2; fig. 85). Among the outgroup taxa,
vein R4 does not reach the costa or the wing
margin in Mydidae except Rhaphiomidas
maehleri (state 3).

144. SHAPE OF R4: (0) relatively straight;
(1) strongly sinuate (length 5 7; CI 5 0.14;
RI 5 0.40). Papavero (1973a) established the
strongly sinuate vein R4 (state 1) as the
defining characteristic to separate Laphriinae
and a number of genera related to Laphystia
(Laphystiinae sensu Papavero, 1973a). Most
species of Asilidae exhibit a relatively straight
vein R4 (state 0; figs. 74–75, 77–85). State 1 is
found in the following species of Laphriinae,
i.e., Hoplistomerus nobilis, Laphystia species,
Perasis transvaalensis, Protometer sp. (El
Tuparro), Stiphrolamyra angularis, Trichardis
effrena, and Zabrops tagax, as well as Bath-
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ypogoninae and Stenopogon rufibarbis (Ste-
nopogoninae) (figs. 73, 76). Among the out-
group taxa, R4 is sinuate only in Bombylius
major (Bombyliidae) (state 1).

145. R5 APEX: (0) terminating anterior to
wing apex; (1) terminating posterior to wing
apex; (2) not reaching C (or wing margin)
(length 5 6; CI 5 0.33; RI 5 0.69). Woodley
(1989) postulated the strongly anteriorly
curved veins R5 and M1 that reach the wing
margin anterior to the wing apex as a
synapomorphy for a taxon composed of
Apioceridae plus Mydidae. Within Asilidae
R5 usually reaches the wing margin posterior
to the wing apex (state 1; figs. 73–78, 80–85),
but in Lochmorhynchus albicans, Pogonioef-
feria pogonias, Proctacanthus philadelphicus,
and Satanas gigas (all Asilinae) R5 is curving
anteriorly so that vein R5 terminates anterior
to the wing apex (state 0; fig. 79). Among the
outgroup taxa, R5 terminates anterior to the
wing apex in Apioceridae, Rhaphiomidas
maehleri (Mydidae), and Nemestrinidae
(state 0), but in all other Mydidae species,
vein R5 does not reach the costa vein or the
wing margin (state 2). In Apsilocephalidae,
Bombyliidae, Scenopinidae, and Therevidae
R5 terminates posterior to the wing apex
(state 1).

146. STUMP VEIN (SUPERNUMERARY CROSS-

VEIN) ON R4: (0) absent; (1) present, short
stump vein not reaching R2+3; (2) present,
long stump vein reaching base of R2+3 (length
5 11; CI 5 0.18; RI 5 0.35). The wing
venation in Asilidae is relatively straightfor-
ward and simple compared to, for example,
Mydidae or Nemestrinidae. The short stump
vein present at the base of R4 just after
departing from the common R4+5 in a few
taxa is, however, an interesting case of the
development of an additional vein not
commonly present in other taxa. Oldroyd
(1974b) and Londt (2005b) discussed the
different configurations of this supernumer-
ary vein in Afrotropical taxa. Hennig (1954)
postulated that this vein represents R3 and
illustrated its presence in Promachus leoninus
Loew, 1848, and related genera (Asilinae) as
well as Apiophora paulseni Philippi, 1865 (as
Rhopalia, Mydidae). This is only consequent
as he postulated that R3 is usually lost in
Asiloidea, so that the second radial vein is R2

and not R2+3 as interpreted by, for example,

McAlpine (1981: fig. 4.32). Papavero (1973a)
followed Hennig’s view and labeled the
stump vein as R3. Most Asilidae species lack
any sign of the stump vein on R4 (state 0;
figs. 73, 75–78, 81–85). It is found consis-
tently in Asilinae, e.g., Apoclea algira, No-
momyia murina, and Pogonioefferia pogonias,
and is also found in Obelophorus terebratus
and Phellus olgae (Phellinae) and Acnephalum
cylindricum (Willistonininae) (state 1; fig. 79).
A special case is exhibited in Eichoichemus
pyrrhomystax, Megaphorus pulchrus, Philodi-
cus tenuipes, and Promachus amastrus (all
Asilinae), in which the stump vein connects
R2+3 and R4 and forms a supernumerary
crossvein thereby dividing cell r3 into two
cells r3a and r3b (state 2; figs. 74, 80). Among
the outgroup taxa, a short stump vein is
found in Apsilocephalidae, Poecilognathus
sp. (El Hacha) (Bombyliidae), Afroleptomy-
das sp. (Clanwilliam), Nemomydas brachy-
rhynchus, Opomydas townsendi, and Pseudo-
nomoneura hirta (all Mydidae) (state 1).

147. APEX OF M1: (0) terminating anterior
to wing apex; (1) terminating posterior to
wing apex; (2) not reaching C (or wing
margin) (length 5 4; CI 5 0.50; RI 5 0.80).
Woodley (1989) postulated the anteriorly
curved veins R5 and M1 as a synapomorphy
for a taxon composed of Apioceridae plus
Mydidae (see character 145). In Asilidae, vein
M1 terminates posterior to the wing apex
(state 1; figs. 73–85). Among the outgroup
taxa, M1 always curves anteriorly to termi-
nate anterior to the wing apex in Apiocer-
idae, Mydidae except Pseudonomoneura hirta,
and Nemestrinidae (state 1). In Satanas gigas
(Asilinae) and Pseudonomoneura hirta (My-
didae), vein M1 does not reach the costa vein
or the wing margin (state 2).

148. FUSION OF M1 AND M2: (0) separated;
(1) fused (length 5 2; CI 5 0.50; RI 5 0.85).
Yeates and Irwin (1996) used the fusion of
M1 or M1+M2 with R4 as a character in the
phylogenetic analysis of Apioceridae and
Mydidae. Here, the fusion of M1 and M2

itself is considered and this state is found in
Mydidae except Rhaphiomidas maehleri and
Nemestrinidae (state 1). All Asilidae species
possess separated M1 and M2 veins (state 0;
figs. 73–85).

149. DEVELOPMENT OF M3 (DISTAL SECTION

BEYOND m-m): (0) absent; (1) present (length

2009 DIKOW: PHYLOGENY OF ASILIDAE 57



5 4; CI 5 0.25; RI 5 0.25). Yeates (1994)
mentioned the reduction of vein M3 in
Bombyliidae and Scenopinidae and this is
confirmed here (state 0). In Townsendia
albomacula (Stichopogoninae) and Trigono-
mima sp. (anamaliensis) (Trigonomiminae),
vein M3 is also reduced beyond crossvein m-
m (state 0; fig. 86). All remaining Asilidae
species exhibit a well-developed vein M3

(state 1; figs. 73–85).
150. ALIGNMENT OF BASE OF M2 AND m-m:

(0) not aligned; (1) aligned from anterior to
posterior; (2) aligned from proximal to distal
(nearly parallel to posterior margin of wing)
(length 5 4; CI 5 0.50; RI 5 0.71). Macquart
(1838), in describing the genus Atomosia and
later Hermann (1912) in diagnosing a taxon
comprising Atomosia and related taxa from
South America, highlighted the distinct wing
venation of vein M2 and crossvein m-m in
these species. In most species of Asilidae, M2

and m-m are not aligned in any particular
way (state 0; figs. 73–76, 78–80, 82–85). In
Aphestia annulipes, Atomosia puella, Cerotai-
nia albipilosa, Goneccalypsis argenteoviridis,
and Loewinella nigripes (all Laphriinae), M2

and m-m are aligned from anterior to
posterior (state 1; fig. 77). Orthogonis scapu-
laris (Laphriinae) is coded here to be
polymorphic (states 0/1) because some spec-
imens exhibit a clear alignment of the veins
(state 1) and in others, hardly any alignment
is found (state 0). In Archilestris magnificus
(Dasypogoninae); Obelophorus terebratus
and Phellus olgae (Phellinae); and Microsty-
lum sp. (Karkloof) (Stenopogoninae), M2

and m-m are also aligned, but in a line from
proximal to distal and running nearly parallel
to the posterior wing margin (state 2; fig. 81).
Among the outgroup taxa, these two veins
are always unaligned (state 0).

ABDOMEN (FEMALE AND MALE)

151. SCULPTURE OF TERGITES: (0) smooth,
setae with small socket only; (1) indented,
setae in large grooves (length 5 5; CI 5 0.20;
RI 5 0.60). In general, the surface of the
tergites is smooth and setal sockets are only
barely visible under a stereomicroscope (state
0). As has been pointed out by Hermann
(1912) for some South American Laphriinae,
the setal sockets can be very large and

distinct. This is found in Chrysopogon pilosi-
facies, Codula limbipennis, and Leptarthrus
brevirostris (all Brachyrhopalinae), as well as
Aphestia annulipes, Atomosia puella, Cerotai-
nia albipilosa, Goneccalypsis argenteoviridis,
Hoplistomerus nobilis, Loewinella nigripes,
Stiphrolamyra angularis, and Trichardis ef-
frena (all Laphriinae) (state 1). Among the
outgroup taxa, the tergites are always smooth
(state 0).

152. T1 MEDIALLY: (0) entirely sclerotized
medially; (1) divided medially by membra-
neous area into two halves (length 5 12; CI
5 0.08; RI 5 0.38). T1 is usually composed
of a single, narrow sclerite with an entire
posterior margin (state 0). A few Asilidae
exhibit a medially divided tergite (state 1),
which is indicated by an indentation of the
posterior margin. The following species
exhibit a divided T1: Blepharotes splendidissi-
mus, Eichoichemus pyrrhomystax, Heligmo-
nevra laevis, Lochmorhynchus albicans, Mega-
phorus pulchrus, Myaptex brachyptera,
Neoitamus cyanurus, Philodicus tenuipes,
Proctacanthus philadelphicus, Promachus
amastrus (all Asilinae); as well as Megapoda
labiata (Dasypogoninae); Holcocephala abdo-
minalis, Rhipidocephala sp. (Harold John-
son), and Trigonomima sp. (anamaliensis) (all
Trigonomiminae); and Willistonina bilineata
(Willistonininae). Among the outgroup taxa,
Bombyliidae and Scenopinidae exhibit a
divided T1 (state 1).

153. T2 LENGTH: (0) wider than long or as
wide as long; (1) longer than wide, less than
twice as long; (2) longer than wide, more than
twice as long (length 5 18; CI 5 0.11; RI 5
0.44). Martin (1968) established the elongat-
ed second abdominal tergite in Leptogastri-
nae species as an autapomorphy for this
taxon and it has since been used in identifi-
cation keys by several authors (e.g., Wood,
1981). In most Asilidae, T2 is wider than long
(state 0). In Clephydroneura sundaica and
Lycomya germainii (Asilinae); Nannocyrtopo-
gon lestomyiformis, Nicocles politus, and
Rhabdogaster pedion (all Brachyrhopalinae);
Cyrtophrys attenuatus, Deromyia fuscipennis,
and Pegesimallus laticornis (all Dasypogoni-
nae); Broticosia paramonovi, Dioctria hyali-
pennis, Dioctria rufipes, and Nannodioctria
sp. formicaphaga (all Dioctriinae); Lamyra
gulo (Laphriinae); Ommatiinae except Cophi-
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nopoda chinensis; Plesiomma sp. (Guana-
caste) and Stenopogon rufibarbis (Stenopogo-
ninae); Tillobroma punctipennis (Tillobroma-
tinae); Holcocephala calva (Trigonomiminae);
and Oligopogon sp. (Cape Recife), T2 is wider
than long, but less than twice as long (state
1). All Leptogastrinae species exhibit state 2.
Among the outgroup taxa, T2 is always wider
than long (state 0).

154. T2 SHAPE DORSALLY: (0) dorsal surface
smooth, without protuberance; (1) dorsal
surface with proximal protuberance (length
5 4; CI 5 0.25; RI 5 0.76). In general the
dorsal surface of T2 is flat or only slightly
elevated medially and declining toward the
posterior margin in Asilidae (state 0). In a
number of species, a proximal protuberance
is evident that is distinct and easily observed
(state 1). Papavero (1975) called these protu-
berances on T2 bullae, but these simple
structures are not homologous to the bullae
found in some Mydidae species, which are
situated at the posterior margin of T2 and
separated medially (see character 155). The
following species exhibit state 1: Ceraturgus
fasciatus (Brachyrhopalinae); Cyrtophrys at-
tenuatus, Deromyia fuscipennis, Megapoda
labiata, Molobratia teutonus, Pegesimallus
laticornis, and Pseudorus distendens (all Da-
sypogoninae); Dioctria species, Echthodopa
pubera, Eudioctria albius, Myelaphus melas,
and Nannodioctria sp. (formicaphaga) (all
Dioctriinae). Among the outgroup taxa, all
species lack dorsal protuberances on T2
(state 0).

155. BULLAE ON T2: (0) absent; (1) present
(length 5 1; CI 5 1.00; RI 5 1.00). Yeates
and Irwin (1996) postulated the bullae on the
lateroposterior margin of T2 as an autapo-
morphy of a subordinate taxon of Mydidae.
It is found here in all representatives of
Mydidae, with the exception of Neorhaphio-
midas sp. (Mandurah) and Rhaphiomidas
maehleri (state 1).

156. T2–3 DEVELOPMENT: (0) tergites
square to rectangular (parallel-sided); (1)
tergites forming a distinct ‘‘waist’’ (length 5
6; CI 5 0.16; RI 5 0.50). In general, the
abdomen is more or less parallel-sided,
sometimes becoming wider toward the apex
to accommodate the genitalia in Asilidae
(state 0). Hennig (1973) mentioned a proxi-
mally constricted abdomen in Asilidae as an

autapomorphy and attributed this character
to Hull (1962; note: I am unable to find any
reference to such a character in Hull’s study).
In some Asilidae species, namely Brachyrho-
pala ruficornis (Brachyrhopalinae); Blephar-
epium cajennensis, Cyrtophrys attenuatus,
Molobratia teutonus, and Pegesimallus lati-
cornis (all Dasypogoninae); Nannodioctria sp.
(formicaphaga) (Dioctriinae); Lamyra gulo
(Laphriinae); and Emphysomera species and
Michotamia aurata (Ommatiinae), T2–3 are
narrower than the following tergites and
therefore the abdomen appears constricted
proximally and waistlike (state 1). Among the
outgroup taxa, the proximal abdomen is
never waistlike (state 0). In some instances,
it is difficult to decide whether the constric-
tion is an artifact of a dried specimen and this
is especially true in females, which have an
expanded distal abdomen due to the large
number of eggs held within it.

157. T3–6 DEVELOPMENT: (0) tergites en-
tirely sclerotized; (1) tergites unsclerotized
medially (length 5 2; CI 5 0.50; RI 5 0.00).
Abdominal tergites are usually sclerotized
entirely (state 0), but two species of Trigo-
nomiminae, i.e., Rhipidocephala sp. (Harold
Johnson) and Trigonomima sp. (anamalien-
sis), exhibit medially unsclerotized tergites
(state 1). Among the outgroup taxa, T3–6
are always well developed and sclerotized
(state 0).

158. T6 SHAPE: (0) T6 the same as T5; (1)
T6 cup-shaped, last visible tergite concealing
remaining tergites (length 5 1; CI 5 1.00; RI
5 1.00). The abdominal tergites are very
uniform in Asilidae, in that with the excep-
tion of the tergites immediately anterior to
the genitalia, they are not modified and
appear very similar throughout the abdomen.
T5 and T6 are no exception and are usually
of the same shape although T6 might be
shorter than T5 (state 0). In Atomosia puella
and Cerotainia albipilosa (Laphriinae), T6 is
very large, cup-shaped, and the last apparent
segment concealing the following tergites and
genitalia (state 1). Among the outgroup taxa,
T6 has always the same shape as T5 (state 0).

159. S2 DEVELOPMENT: (0) undivided me-
dially; (1) divided medially into two equal
halves separated by fenestra (length 5 1; CI
5 1.00; RI 5 1.00). Martin (1968) postulated
the divided S2 with fenestra as an autapo-
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TABLE 4
Presence/absence of marginal and medial macrosetae on abdominal tergites 2–7 in males and females of Asilinae

and Laphriinae (chars. 160–165 and 186–191).
Symbols: – 5 no macrosetae present; N 5 marginal macrosetae present; n 5 medial macrosetae present

Species

- U

T2 T3 T4 T5 T6 T7 T2 T3 T4 T5 T6 T7

Afromochtherus mendax N N N N – – N N N N – –

Apoclea algira N N N N N – – – – – – –

Asilus crabroniformis – – – – – – – – – – – –

Asilus sericeus – – – – – – – – – – – –

Blepharotes splendidissimus – – – – – – – – – – – –

Clephydroneura sundaica N N N – – – N N N – – –

Clephydroneura sp. (Kepong) N N – – – – N N N N – –

Colepia rufiventris N N N – – – N N N – – –

Congomochtherus inachus N N N N N – N N N N N –

Dasophrys crenulatus N N N – – – N N N – – –

Dysmachus trigonus N N N N N – N N N N N –

Eichoichemus pyrrhomystax N N – – – – N N N N – –

Heligmonevra laevis N N N N N – N N N N – –

Lochmorhynchus albicans – – – – – – – – – – – –

Lycomya germainii – – – – – – – – – – – –

Machimus chrysitis N N N N – – N N N N – –

Machimus occidentalis N N N N – – N N N N – –

Megaphorus pulchrus – – – – – – – – – – – –

Myaptex brachyptera N N N N N – N N N N N –

Neoitamus cyanurus N N N N – – N N N – – –

Neolophonotus bimaculatus – – – – – – – – – – – –

Neomochtherus pallipes N N N N N – N N N N N –

Nomomyia murina N N N N – – N N N N – –

Philonicus albiceps N N N N N – N N N – – –

Pogonioefferia pogonias – – – – – – – – – – – –

Proctacanthus philadelphicus – – – – – – – – – – – –

Promachus amastrus N N N N N – – – – – – –

Satanas gigas N N N N N N N N – – – –

Threnia carbonaria N N N N – – N N N N N N
Tolmerus atricapillus N N N N – – N N N N N –

Zosteria rosevillensis N N N N N N N N N N N –

Andrenosoma cyrtoxys n n n n – – n n n n – –

Aphestia annulipes n n n n n – n n n n n –

Atomosia puella n n n n – – n n – – – –

Cerotainia albipilosa – – – – – – – – – – – –

Choerades bella n – – – – – n – – – – –

Dasyllis funebris n n n n – – n n n n – –

Goneccalypsis argenteoviridis n n n n n n n n n n n n

Hoplistomerus nobilis n n n n n – n n n n n –

Hyperechia nigripennis – – – – – – – – – – – –

Lampria clavipes n n – – – – n – – – – –

Lamyra gulo n n n n – – n n n – – –

Laphria aktis – – – – – – n n – – – –

Laphria flava – – – – – – – – – – – –

Laphystia aegyptiaca n n n n n – n n n n n –

Laphystia toland n n n n n – n n n n n –

Laxenecera albicincta n n – – – – n – – – – –

Loewinella nigripes n n n n n n n n n n n n

Maira aenea n n n n – – n n n n – –

Nusa infumata n n n n n – n n n n n –
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morphy for his Leptogastridae. State 1 is
found here in all Leptogastrinae species, but
not in any other Asilidae. The fenestrae,
small unsclerotized parts of the cuticle, are
situated medially on the elongated second
abdominal segment. It is important to
highlight the observation that S2 also ap-
pears to be divided proximally in, for
example, Ommatius or Damalis, but this state
is not considered homologous to the state
found in Leptogastrinae. The problem lies in
the difficulty to distinguish between S1 and
S2. The unsclerotized area in Damalis could
be interpreted as the intersegmental mem-
brane between S1 and S2 and not as a
subdivision of S2. Among the outgroup taxa,
S2 is never subdivided (state 0).

FEMALE ABDOMEN

Note: Broticosia paramonovi (Dioctriinae),
Emphysomera conopsoides (Ommatiinae), An-
cylorhynchus fulvicollis (Stenopogoninae),
and Nemomydas brachyrhynchus (Mydidae)
are represented by male specimens only and
could not be coded for the female abdominal
characters. Only previously dissected speci-
mens of Megapoda labiata (Dasypogoninae)
where available for study and characters 166–
174 and 181–185 could not be coded for this
species. Neorhaphiomidas sp. (Mandurah)
(Mydidae) and Prorates sp. (Escalante) (Sce-
nopinidae) are not coded for characters 175–
182. In some instances reference is made to
illustrations of species represented in this
study published previously by Theodor

(1976) who studied the internal female
genitalia in detail.

160. LATERAL MACROSETAE ON T2: (0)
absent; (1) marginal (m l) setae present; (2)
medial setae present (length 5 7; CI 5 0.28;
RI 5 0.88). The presence of lateral marginal
macrosetae, also often called discal setae, on
the abdominal tergites has been widely used
in the identification of Asilinae species in
which these macrosetae are often well devel-
oped. Many Laphriinae species also have
lateral macrosetae on the abdominal tergites,
but these setae are situated medially and not
on the posterior margin of the tergites,
therefore, being interpreted as nonhomolo-
gous to the marginal setae in Asilinae.
Table 4 summarizes the presence/absence of
marginal setae (state 1) and medial setae
(state 2) in Asilinae and Laphriinae. Daspletis
stenoura (Stenopogoninae) exhibits also mar-
ginal setae on T2. Among the outgroup taxa,
neither marginal nor medial setae are devel-
oped (state 0).

161. LATERAL MACROSETAE ON T3: (0)
absent; (1) marginal (m l) setae present; (2)
medial setae present (length 5 8; CI 5 0.25;
RI 5 0.84). See character 160 and table 4.

162. LATERAL MACROSETAE ON T4: (0)
absent; (1) marginal (m l) setae present; (2)
medial setae present (length 5 9; CI 5 0.22;
RI 5 0.82). See character 160 and table 4.
State 1 is also found in Emphysomera
pallidapex, Afroestricus chiastoneurus, and
Ommatius tibialis (all Ommatiinae).

163. LATERAL MACROSETAE ON T5: (0)
absent; (1) marginal (m l) setae present; (2)

Species

- U

T2 T3 T4 T5 T6 T7 T2 T3 T4 T5 T6 T7

Orthogonis scapularis n n n n – – n n n n – –

Perasis transvaalensis – – – – – – – – – – – –

Pilica formidolosa n n n n – – n n n n – –

Proagonistes praeceps n n – – – – n n n n – –

Protometer sp. (El Tuparro) n n n n – – n n n n n –

Psilocurus modestus n n n – – – n n n n n –

Smeryngolaphria numitor n n n n – – n n n n – –

Stiphrolamyra angularis n n n – – – n n n n – –

Trichardis effrena n n n n n – n n n n n –

Zabrops tagax n – – – – – n – – – – –

TABLE 4
(Continued)
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medial setae present (length 5 15; CI 5 0.13;
RI 5 0.60). See character 160 and table 4.
State 1 is also found in Emphysomera
pallidapex, Afroestricus chiastoneurus, and
Ommatius tibialis (all Ommatiinae).

164. LATERAL MACROSETAE ON T6: (0)
absent; (1) marginal (m l) setae present; (2)
medial setae present (length 5 12; CI 5 0.16;
RI 5 0.44). See character 160 and table 4.
State 1 is also found in Emphysomera
pallidapex, Afroestricus chiastoneurus, and
Ommatius tibialis (all Ommatiinae).

165. LATERAL MACROSETAE ON T7: (0)
absent; (1) marginal (m l) setae present; (2)
medial setae present (length 5 4; CI 5 0.50;
RI 5 0.50). See character 160 and table 4.
State 1 is also found in Emphysomera
pallidapex, Afroestricus chiastoneurus, and
Ommatius tibialis (all Ommatiinae).

166. SEGMENT 7: (0) S7 and T7 normally
developed; (1) S7 and T7 distinctly shortened;
(2) S7 and T7 elongated; (3) only S7 reduced
in size (length 5 3; CI 5 1.00; RI 5 1.00).
The abdominal segments are usually of the
same size and in some instances become
slightly shorter only toward the apex of the
abdomen. Only the segments that are directly
involved in oviposition (see character 167)
are altered in their proportions. In a few
species, however, segment 7 is morphologi-
cally different from the following segments.
In Aphestia annulipes, Atomosia puella, and
Cerotainia albipilosa (all Laphriinae) segment
7 is much shorter than segment 8 (state 1)
and in Leptarthrus brevirostris (Brachyrho-
palinae) segment 7 is elongated (state 2). In
Dicolonus simplex (Dioctriinae) S7 is reduced
in size whereas T7 is normally developed
(state 3). Among the outgroup taxa, segment
7 is always normally developed (state 0).

167. SEGMENTS COMPRISING OVIPOSITOR:
(0) 8th and following; (1) 7th and following
(length 5 3; CI 5 0.33; RI 5 0.60). The
specialized abdominal segments that are
associated with the oviposition of eggs are
generally referred to as the ovipositor. The
ovipositor of Diptera is not homologous to
the ‘‘true’’ ovipositor found in other Endop-
terygota (e.g., Mickoleit, 1973; McAlpine,
1981). In general, the ovipositor comprises
segments 8 and 9 (state 0), but in Leptarthrus
brevirostris (Brachyrhopalinae); Aphestia an-
nulipes, Atomosia puella, and Cerotainia

albipilosa (all Laphriinae); and Obelophorus
terebratus and Phellus olgae (Phellinae),
segment 7 is specialized and involved in
oviposition (state 1). Among the outgroup
taxa, segments 8 and following comprise the
ovipositor (state 0).

168. DIRECTION OF SETAE ON T8: (0)
posteriorly; (1) anteriorly; (2) erect (length
5 29; CI 5 0.06; RI 5 0.65). T8 is generally
modified and part of the ovipositor (see
character 167). The setation of T8 varies
among Asilidae species with respect to the
orientation of the setae. All species of
Dioctriinae; Laphriinae; Leptogastrinae;
Ommatiinae; Trigonomiminae; and a few
other species exhibit state 0 in that the setae
are directed posteriorly in the same direction
as setae on proximal tergites. In Dasycyrton
gibbosus, Holopogon priscus, and Leptarthrus
brevirostris (all Brachyrhopalinae); Dasypo-
gon diadema, Diogmites grossus, Pegesimallus
laticornis, Saropogon dispar, and Thereutria
amaraca (all Dasypogoninae); Gonioscelis
ventralis (Stenopogoninae); Stichopogon
punctum (Stichopogoninae); Lycostommyia
albifacies (Tillobromatinae); and Acnephalum
cylindricum (Willistonininae), the setae are
directed anteriorly (state 1). Many Asilinae;
Bathypogoninae; Brachyrhopalinae; Phelli-
nae; Stenopogoninae; Tillobromatinae; Will-
istonininae; and Oligopogon sp. (Cape Recife)
possess erect setae, which are directed per-
pendicular to the surface (state 2). In some
instances, states (1) and (2) are difficult to
distinguish. Among the outgroup taxa, state
0 is found in Apsilocephalidae, Bombyliidae,
Nemestrinidae, Scenopinidae, and Therevi-
dae and only within Apioceridae and Mydi-
dae are states (1) and (2) present.

169. T8 ANTERIOR RECTANGULAR PROJEC-

TION: (0) absent, no apodeme present; (1)
present, rectangular apodeme, entirely fused
to T8; (2) present, rectangular apodeme,
dissociated from T8; (3) present, cylindrical
apodeme, fused to T8 (length 5 20; CI 5
0.15; RI 5 0.61). The anterior margin of T8
is generally simple with no particular ap-
pendages or projections (state 0). When
macerated in KOH, a narrow projection,
which is situated ventral of the intersegmen-
tal membrane, and fused entirely to T8 can
be found in all Bathypogoninae; Tillobroma-
tinae; Willistonininae; and a number of
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Brachyrhopalinae; Dasypogoninae; and Ste-
nopogoninae (state 1; fig. 87). Senobasis
corsair (Dasypogoninae) exhibits a projection
as well, but it is not fused to T8 (state 2).
Among the outgroup taxa, Bombylius major
(Bombyliidae) and Hemigephyra atra (There-
vidae) exhibit a smaller, cylindrical apodeme
that is fused to T8 (state 3). Most Apiocer-
idae and Mydidae species, with the exception
of Mydas clavatus and Rhaphiomidas maeh-
leri, which lack a projection, exhibit state 1.

170. SHAPE OF S8: (0) platelike, slightly
emarginate mediodistally; (1) platelike, with
median area elongated; (2) proximally plate-
like, hypogynial valves forming keel distally;
(3) keellike throughout; (4) platelike, hypo-
gynial valves extending; (5) platelike, distal
margin medially membranous; (6) platelike,
hypogynial valves separated (surrounded by
membrane); (7) platelike, divided into two
halves; (8) S8 modified to form part of sand
chamber (length 5 33; CI 5 0.24; RI 5 0.77).
The shape of the ovipositor varies consider-
ably in Asilidae as different oviposition sites
are used by different species. Leptogaster
cylindrica (Leptogastrinae) and Holcocephala
calva (Trigonomiminae) perch on vegetation
and drop their eggs to the ground whereas

Pogonioefferia pogonias places the eggs be-
tween the leaves of grass stems and Laphria
flava deposits eggs in old tree trunks. S8 is
modified to accommodate these different
oviposition mechanisms and figure 90 illus-
trates the different configurations of S8 that
are here coded as character states. A simple
platelike S8 with slight emarginations (state
0) is found in Leptogastrinae, with the
exception of Acronyches maya (state 6);
Ommatiinae; Trigonomiminae, with the ex-
ception of Rhipidocephala sp. (Harold John-
son) (state 5); some Laphriinae and most of
the outgroup taxa (state 0; figs. 96, 98). State
1 is exhibited in Leptarthrus brevirostris
(Brachyrhopalinae) and the following Laph-
riinae: Andrenosomatini, Ctenotini, Laph-
riini, Nusa infumata, Orthogonis scapularis,
and Smeryngolaphria numitor (fig. 94). State
2 is found in Chrysopogon pilosifacies and
Codula limbipennis (Brachyrhopalinae) and
the following Asilinae species: Afro-
mochtherus mendax, Asilus species, Apoclea
algira, Blepharotes splendidissimus, Colepia
rufiventris, Congomochtherus inachus, Helig-
monevra laevis, Lycomya germainii, Mega-
phorus pulchrus, Neoitamus cyanurus, Neo-
mochtherus pallipes, Nomomyia murina,

Figs. 87–89. Female posterior part of abdomen in dorsal view with tergites labeled. 87. Hypenetes
stigmatias (Tillobromatinae). 88. Dasyllis funebris (Laphriinae), T10 grey. 89. Acronyches maya
(Leptogastrinae), lightly sclerotized T10 grey. Apod 5 anterior apodeme of T8; vestiture omitted. Scale
lines 5 1 mm.
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Philodicus tenuipes, Philonicus albiceps, Proc-
tacanthus philadelphicus, Promachus amas-
trus, Satanas gigas, and Zosteria rosevillensis
(figs. 92, 95). All remaining Asilinae together
with Pseudorus distendens (Dasypogoninae)
and Obelophorus terebratus and Phellus olgae
(Phellinae) possess an ovipositor that is
keellike throughout (state 3; fig. 93). A
platelike S8 with extending hypogynial valves
(state 4) is found in all Bathypogoninae;
Tillobromatinae; and in the majority of
species of Brachyrhopalinae; Dasypogoninae;
Dioctriinae; Stenopogoninae; and Willistoni-
ninae. All Stichopogoninae; Threnia carbo-
naria (Asilinae); Cophura brevicornis and
Nicocles politus (Brachyrhopalinae); Dasypo-
gon diadema, Diogmites grossus, and There-
utria amaraca (all Dasypogoninae) possess a
platelike S8 in which the hypogynial valves
are separated and surrounded by membrane
(state 6; fig. 97). Connomyia varipennis (Ste-
nopogoninae); Apiocera painteri (Apioceri-
dae), and Therevidae have a platelike S8 that
is divided into two halves (state 7). Bombylius
major (Bombyliidae) has a modified ovipos-
itor to form a sand chamber (see Yeates,
1994) and is coded here as state 8.

171. T9 SHAPE (WHEN DISTINGUISHABLE):
(0) small, triangular sclerite; (1) wide, rectan-
gular sclerite without median protuberance;

(2) wide, rectangular sclerite with median
protuberance (length 5 2; CI 5 1.00; RI 5
1.00). Yeates (1994) pointed out that in
Apioceridae and Mydidae T9 bears a dorsal
spine whereas other Asiloidea have a smooth
dorsal surface. T9 and T10 are fused in many
Asiloidea (see character 173) making it
difficult to examine the shape of T9. All taxa
with a fused T9 and T10 are coded as
inapplicable (-). For all Asilidae in which
both sclerites are distinguishable, T9 is small
and triangular (state 0; figs. 87, 91). Among
the outgroup taxa, state 1 is found in
Bombylius major (Bombyliidae), Nemestrini-
dae, and Phycus frommeri (Therevidae) and
state 2 is only found in Apioceridae and
Mydidae.

172. T10 SHAPE: (0) single sclerite; (1)
tergite partly divided posteromedially; (2)
tergite divided into two heavily sclerotized
acanthophorite plates; (3) tergite divided into
two heavily sclerotized sclerites that are far
apart; (4) tergite divided into two slightly
sclerotized sclerites; (5) T10 lost or fused to
cerci (length 5 21; CI 5 0.23; RI 5 0.82).
Hull (1962), Oldroyd (1964), and Hennig
(1976) observed the division of T9 into two
sclerites called acanthophorite plates that
bear generally strong spurs used to excavate
soil for oviposition. Hardy (1944) was

Fig. 90. Schematic illustration of shape of female S8 in ventral view as coded in character 170.
Numbers refer to character states; state 8, which is only found in Bombylius major (Bombyliidae), is
illustrated in Yeates (1994); vestiture omitted; not to scale.
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ambiguous in his description and mentioned
both T9 and T10 as bearing the spurs
although he also indicated that the sclerites
appear fused in many instances. It has been
shown by Adisoemarto and Wood (1975),
Irwin (1976), McAlpine (1981) and subse-
quent authors that it is actually T10 that is
divided. T9 is often reduced to a small sclerite
and sometimes even fused to T10 so that both
are indistinguishable. The reduction of T9
can probably be attributed to the transfor-
mation of S9 into the furca (see character
184). A single, separate sclerite T10 is found
only in the majority of species of Asilinae;
Dioctriinae; and Ommatiinae (state 0; figs.
93, 95); all remaining Asilidae possess a
modified T10. A partly posteromedially

divided T10 is found in Megaphorus pulchrus,
Nomomyia murina, Promachus amastrus, and
Zosteria rosevillensis (all Asilinae) (state 1;
fig. 92). A divided T10 with two heavily
sclerotized acanthophorite plates is found in
all Bathypogoninae; Brachyrhopalinae; Da-
sypogoninae except Senobasis corsair; Phelli-
nae; Stenopogoninae; Stichopogoninae; Til-
lobromatinae; Willistonininae; and Oligopo-
gon sp. (Cape Recife) (state 2; figs. 87, 91,
97). Species of Andrenosomatini (Laphrii-
nae) exhibit state 3 in which two separate
heavily sclerotized sclerites are positioned far
apart from each other (fig. 88). In Leptogas-
trinae; Emphysomera pallidapex (Ommatii-
nae); as well as Holcocephala species and
Trigonomima sp. (anamaliensis) (Trigonomi-
minae), T10 is visible only as two weakly
sclerotized sclerites that are positioned far
apart (state 4; fig. 89). Karl (1959) referred to
a personal communication by E. Hennig who
found that the 9th abdominal segment is
absent in Leptogastrinae. This conclusion
could be attributed to the difficulty of
distinguishing the weakly sclerotized plates
forming T10 in Leptogastrinae. T10 is either
entirely reduced or fused to the cerci so that it
is indistinguishable in most species of Laph-
riinae as well as Damalis species (Trigonomi-
minae) (state 5). Among the outgroup taxa,
either a simple T10 is developed in Apsiloce-
phalidae, Poecilognathus sp. (El Hacha)
(Bombyliidae), and Hemigephyra atra
(Therevidae) (state 0), or acanthophorite
plates are developed as in Apioceridae,
Bombylius major (Bombyliidae), Mydidae
except Mydas clavatus, Scenopinidae, and
Phycus frommeri (Therevidae) (state 2).

173. FUSION OF T9 AND T10: (0) not fused;
(1) partly fused; (2) entirely fused, sclerites
not distinguishable (length 5 12; CI 5 0.16;
RI 5 0.83). An entirely separated T9 and T10
is found only in Chrysopogon pilosifacies,
Codula limbipennis, Cophura brevicornis, and
Nicocles politus (all Brachyrhopalinae) as
well as Blepharepium cajennensis and Neo-
diogmites melanogaster (Dasypogoninae)
(state 0). A partly fused T9 and T10 is found
in most Brachyrhopalinae and Dasypogoni-
nae; Phellinae; Stenopogoninae; Tillobroma-
tinae; Willistonininae; and Oligopogon sp.
(Cape Recife) (state 1; fig. 87). The two
tergites are entirely fused or at least not

Figs. 91–92. SEM micrographs of female
ovipositor in lateral view with morphological
features labeled. 91. Lasiopogon cinctus (Stichopo-
goninae). 92. Promachus amastrus (Asilinae). For
abbreviations see Materials and Methods. Scale
lines 5 200 mm.
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distinguishable, which could also be due to
the reduction of T9, in all Asilinae; Bath-
ypogoninae; Leptarthrus brevirostris (Bra-
chyrhopalinae); Senobasis corsair and Molo-
bratia teutonus (Dasypogoninae); Dioctri-
inae; Laphriinae; Leptogastrinae; Ommati-
inae; and Trigonomiminae (state 2; fig. 92).
Among the outgroup taxa, Nemestrinidae
exhibit state 0, Bombylius major (Bombylii-
dae) state 1, and Apioceridae, Apsilocepha-
lidae, Poecilognathus sp. (El Hacha) (Bom-

byliidae), Mydidae, Scenopinidae, and The-
revidae state 2.

174. SPURS ON OVIPOSITOR: (0) absent; (1)
acanthophorite spurs on T10; (2) spurs on
cerci (length 5 16; CI 5 0.12; RI 5 0.81).
Hardy (1927a, 1944), Hull (1962), and
Papavero (1973a) discussed the presence of
spurs on the modified T10 within Asilidae
and Asiloidea. Many species of Asilidae lack
spurs on T10 no matter how this tergite is
modified (see also character 172). Even when

Figs. 93–98. SEM micrographs of female ovipositor in lateral and ventral view. 93. Dysmachus trigonus
(Asilinae), lateral. 94. Laphria flava (Laphriinae), ventral. 95. Philonicus albiceps (Asilinae), lateral. 96.
Dioctria atricapillus (Dioctriinae), ventral. 97. Lasiopogon cinctus (Stichopogoninae), ventral. 98. Euscelidia
pallasii (Wiedemann, 1818) (Leptogastrinae), ventral. Scale lines 5 200 mm.
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T10 is divided into two acanthophorite
plates, the large, movable spurs are not
always present (note: I use the term spurs
instead of spines as spurs have been defined
by Torre-Bueno [Nichols, 1989] as moveable
structures connected to the cuticula by a joint
whereas spines are not connected by a joint).
Spurs are absent in most Asilinae; Dioctrii-
nae; Laphriinae; Leptogastrinae; Ommatii-
nae; Trigonomiminae; and a few other
species (state 0; figs. 88–89, 92, 93). Acantho-
phorite spurs are present in all Bathypogoni-
nae; most Brachyrhopalinae and Dasypogo-
ninae; Phellinae; Stenopogoninae; Tillobro-
matinae; Willistonininae; and Oligopogon sp.
(Cape Recife) (state 1; figs. 87, 91, 97).
Apoclea algira, Philodicus tenuipes, Philonicus
albiceps, Proctacanthus philadelphicus, Sata-
nas gigas, and Zosteria rosevillensis (all
Asilinae) possess spurs on the cerci that are
probably used in the same way as acantho-
phorite spurs (state 2; fig. 95). Hull (1962)
and Papavero (1973a) stated that these cercal
spurs are situated on T10 or acanthophorite
plates, respectively, but there is no evidence
for this hypothesis as T10 is clearly differen-
tiated from the cerci in these species (fig. 95).
Among the outgroup taxa, all taxa with
acanthophorite plates also possess spurs
(state 1, see character 172).

175. NUMBER OF SPERMATHECAE: (0) three;
(1) two; (2) one (length 5 6; CI 5 0.33; RI 5
0.20). The number of spermathecae varies

little in Asilidae and with the exception of
Myaptex brachyptera and Proctacanthus phi-
ladelphicus (Asilinae), which possess only two
spermathecae (state 1), robber flies have three
spermathecae (state 0). Among the outgroup
taxa, Afroleptomydas sp. (Clanwilliam), Ne-
momydas brachyrhynchus, and Pseudonomo-
neura hirta (Mydidae), Nemestrinidae, and
Hemigephyra atra (Therevidae) possess only
two spermathecae (state 1) and Mitrodetus
dentitarsis (Mydidae) has only a single
spermatheca (state 2).

176. DEVELOPMENT OF SPERMATHECAE: (0)
all equally large spermathecae; (1) median
spermatheca larger than lateral ones; (2)
median spermatheca smaller than lateral ones
(length 5 4; CI 5 0.50; RI 5 0.00). The
development of each of the spermathecal
reservoirs varies little in robber flies with the
exception of Leptogastrinae. Here, Euscelidia
pulchra and Lasiocnemus lugens possess
smaller lateral spermathecae in comparison
to the median one (state 1; fig. 99) and
Beameromyia bifida possesses a smaller me-
dian spermathecal reservoir (state 2). Among
the outgroup taxa, Opomydas townsendi
(Mydidae) also possesses reduced lateral
spermathecae (state 1).

177. LENGTH OF COMMON SPERMATHECAL

DUCT: (0) short, not extending beyond tip of
furca; (1) long, extending beyond tip of furca
(length 5 12; CI 5 0.08; RI 5 0.47). Theodor
(1976) and Yeates (1994) discussed the

Fig. 99. Female spermathecae of Lasiocnemus lugens (Leptogastrinae) in lateral view. Morphological
features labeled; spermathecal reservoirs grey; second lateral spermathecal duct and reservoir, in this view
situated ventral to median reservoir, omitted. Scale line 5 0.5 mm.
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variation in length of the common sper-
mathecal duct in Asilidae. Most assassin flies
possess a short common spermathecal duct
that does not extend beyond the tip of the
furca anteriorly (state 0). The following
species exhibit a long common duct: Apoclea
algira (see fig. 399 in Theodor, 1976: 164),
Colepia rufiventris, Neoitamus cyanurus, Neo-
lophonotus bimaculatus, Philodicus tenuipes,
Promachus amastrus, and Threnia carbonaria
(all Asilinae); Brachyrhopala ruficornis, Ca-
basa pulchella, Codula limbipennis, and Chry-
sopogon pilosifacies (all Brachyrhopalinae);
Laphystia species, Nusa infumata, Perasis
transvaalensis, and Protometer sp. (El Tu-
parro) (all Laphriinae); Tipulogaster glabrata,
Leptogaster species, and Lasiocnemus lugens
(fig. 99) (all Leptogastrinae); Cophinopoda
chinensis (Ommatiinae); and Plesiomma sp.
(Guanacaste) (Stenopogoninae) (state 1;
fig. 99). Among the outgroup taxa, all species
possess a short common spermathecal duct
(state 0).

178. LENGTH OF INDIVIDUAL SPERMATHE-

CAL DUCTS: (0) short; (1) long (length 5 9; CI
5 0.11; RI 5 0.60). The length of the
individual spermathecal ducts from the com-
mon duct to the reservoir varies considerably
within Asilidae. A short duct is found in
Apoclea algira (see fig. 399 in Theodor, 1976:
164), Colepia rufiventris, Neolophonotus bi-
maculatus, Philodicus tenuipes, and Threnia
carbonaria (all Asilinae); Blepharepium cajen-
nensis, Diogmites grossus, and Neodiogmites
melanogaster (all Dasypogoninae); Andreno-
soma cyrtoxys, Dasyllis funebris, and Pilica
formidolosa (all Laphriinae); Leptogastrinae
except Acronyches maya (fig. 99); and some
Mydidae species (state 0). All remaining
species possess a long spermathecal duct
(state 1).

179. EJECTION APPARATUS: (0) absent; (1)
present (length 5 8; CI 5 0.12; RI 5 0.22).
Theodor (1976) illustrated the spermathecae
of many Asilidae species in detail and
discussed the development of an ejection
apparatus at the base of the spermathecal
duct. Within Asilinae the ejection apparatus
can be absent, and this is found in the
following species (state 0): Apoclea algira (see
fig. 399 in Theodor, 1976: 164), Dasophrys
crenulatus, Neolophonotus bimaculatus, Philo-
dicus tenuipes, Promachus amastrus, and

Zosteria rosevillensis. It has to be pointed
out that it is difficult to observe the ejection
apparatus with a stereomicroscope and I rely
in some instances on Theodor’s (1976)
drawings and comments of congeneric spe-
cies to interpret the presence/absence of the
ejection apparatus. Among the outgroup
taxa, it is absent in Mitrodetus dentitarsis,
Pseudonomoneura hirta, Rhaphiomidas maeh-
leri (Mydidae), and Nemestrinidae (state 0)
and present in all other species (state 1).

180. DEVELOPMENT OF SPERMATHECAL RES-

ERVOIR: (0) reservoir not differentiated from
spermathecal ducts; (1) reservoir formed by
more or less expanded ducts to sac-shaped
reservoir; (2) reservoir formed by more or less
expanded and coiled ducts; (3) reservoir
spherical (length 5 46; CI 5 0.06; RI 5
0.60). The shape of the spermathecal reser-
voir varies considerably in Asilidae and
Asiloidea in general (see illustrations in
Theodor, 1976; Yeates, 1994). I attempt to
code this character in a meaningful and
discrete way so that no overlap between the
character states is possible (see fig. 100).
Forty-three Asilidae species have an unmod-
ified reservoir that is basically the same width
as the spermathecal ducts (state 0). Reser-
voirs composed by more or less expanded
ducts that might be slightly curved are found
in all Leptogastrinae and Ommatiinae; many
Asilinae and Dasypogoninae; and a few other
species (state 1). Coiled ducts of varying
degree of expansion can be found in most
Laphriinae; Stenopogoninae; and a few other
taxa (state 2). An entirely spherical reservoir
is present in some Asilinae; Stenopogoninae;
and Tillobromatinae (state 3). Among the
outgroup taxa, species possess either spheri-
cal reservoirs (Apsilocephalidae, Bombylius
major (Bombyliidae), Nemestrinidae, There-
vidae, state 3) or an unmodified reservoir
that is as wide as the spermathecal duct (most
Mydidae, state 0).

181. SCLEROTIZATION OF SPERMATHECAL

RESERVOIR: (0) not sclerotized; (1) weakly
sclerotized; (2) heavily sclerotized (length 5
42; CI 5 0.04; RI 5 0.42). Yeates (1994) used
the sclerotization of the spermathecal reser-
voir as a character in the Bombyliidae
phylogeny and mentioned that it varies
considerably within Asilidae. In fact, all three
characters states are found in Asilidae and
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every subfamily taxon has representatives
with unsclerotized, weakly sclerotized or
heavily sclerotized spermathecae. Among
the outgroup taxa, all character states are
found as well.

182. LENGTH SPERMATHECAE: (0) occupy-
ing at most posterior three segments; (1)
occupying more than the posterior three
segments (length 5 14; CI 5 0.07; RI 5
0.51). In general, the spermathecae occupy
only the posterior two abdominal segments
(state 0), but in a few Asilidae species the
spermathecae are longer and occupy large
extents of the abdomen (state 1). These
species are: several Brachyrhopalinae; some
Dasypogoninae and Dioctriinae; Nusa infu-
mata (Laphriinae); many Stenopogoninae; a
few Stichopogoninae; Tillobroma punctipen-
nis (Tillobromatinae); and all Trigonomimi-
nae (state 1). Among the outgroup taxa, the
spermathecae only occupy at most the
posterior three segments (state 0).

183. MEDIAN SCLERITE AT POSTERIOR END

OF FURCA (REMNANT OF T9?): (0) absent; (1)
present (length 5 6; CI 5 0.16; RI 5 0.79).
Theodor (1976: 5; fig. 1) illustrated a median
sclerite at the posterior end of the furca, but
did not label or discuss it. This sclerite is
easily observed when present and connects
the furca to T10 (see figs. 342, 349, 399 in
Theodor, 1976). It is present in Asilinae, with
the exception of Blepharotes splendidissimus,
Colepia rufiventris, Heligmonevra laevis, Ly-
comya germainii, Neoitamus cyanurus, Neolo-
phonotus bimaculatus, Nomomyia murina,

Pogonioefferia pogonias, Satanas gigas, Thre-
nia carbonaria, and Zosteria rosevillensis; as
well as all Andrenosomatini (Laphriinae)
(state 1). Judging by the position of this
sclerite and its connection of S9 (furca) and
T10 it could be interpreted as the remnant of
T9. Among the outgroup taxa, the median
sclerite is always absent (state 0).

184. DEVELOPMENT OF FURCA (S9): (0)
single sclerite; (1) divided anteriorly into
two lateral sclerites (length 5 13; CI 5
0.07; RI 5 0.29). Theodor (1976) and Yeates
(1994) observed that the furca in Asilidae can
be composed of a single sclerite or be divided
anteriorly into two sclerites. The majority of
Asilidae species possesses an undivided furca
(state 0; fig. 99). A divided furca is found in
Dioctria species, Eudioctria albius, Echtho-
dopa pubera, and Nannodioctria sp. (formica-
phaga) (all Dioctriinae); Cerotainia albipilosa,
Goneccalypsis argenteoviridis, and Loewinella
nigripes (all Laphriinae); Acronyches maya,
Beameromyia bifida, and Leptogaster cylin-
drica (see fig. 8 in Theodor, 1976: 16) (all
Leptogastrinae); Lasiopogon aldrichii (Sticho-
pogoninae); Trigonomima sp. (anamaliensis)
(Trigonomiminae); and Trichoura sp. (Tier-
berg) (Willistonininae) (state 1). Among the
outgroup taxa, Opomydas townsendi and
Rhaphiomidas maehleri (Mydidae) and Hemi-
gephyra atra (Therevidae) possess a divided
furca (state 1).

185. FURCAL APODEME: (0) absent; (1)
present, long platelike apodeme; (2) present,
short platelike apodeme; (3) present, two

Fig. 100. Schematic illustration of female spermathecal reservoirs as coded in character 180. Solid lines
5 reservoir; dotted lines 5 spermathecal duct; numbers refer to character states; not to scale.
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lateral projections forming divided apodeme
(length 5 30; CI 5 0.10; RI 5 0.74).
Reichardt (1929) and Theodor (1976) dis-
cussed and illustrated the furca of several
species pointing out that the development of
the anterior furcal apodeme (termed Gabel by
Reichardt) varies within Asilidae. All Dioc-
triinae and Leptogastrinae; most Dasypogo-
ninae and Laphriinae; and a few other species
lack a furcal apodeme (state 0, see figs. 8, 23,
39, 184, 217 in Theodor, 1976). A long,
narrow platelike apodeme is found in all
Asilinae; Bathypogoninae; Andrenosomatini
(Laphriinae); Cophinopoda chinensis and
Ommatius species (Ommatiinae); Phellinae;
Damalis species (Trigonomiminae); and a few
other species (state 1, see figs. 228, 342, 349,
357, 399 in Theodor, 1976). A short, platelike
apodeme is present in many Brachyrhopali-
nae; Stenopogoninae; Stichopogoninae; Til-
lobromatinae; Trigonomiminae; Willistonini-

nae; and a few other species (state 2, see figs.
143, 154 in Theodor, 1976). A medially
divided apodeme that appears bifid is present
in Cabasa pulchella (Brachyrhopalinae) as
well as Connomyia varipennis, Creolestes
nigribarbis, and Microstylum sp. (Karkloof)
(all Stenopogoninae) (state 3). Among the
outgroup taxa, Apsilocephalidae possess
state 2 and states 0, 1, and 3 are found in
representatives of the Mydidae.

MALE ABDOMEN

Figures 101–102 illustrate the male hypo-
pygial features referred to in the following
section. In some instances, reference is made
to illustrations of species represented in the
present study published by Theodor (1976)
who studied the external and internal male
terminalia in detail.

Fig. 101. Male hypopygium and aedeagus of Lasiocnemus lugens (Leptogastrinae). Hypopygium in
lateral view and aedeagus in dorsal and lateral view. Morphological features labeled; vestiture omitted;
abbreviations see Materials and Methods. Scale line 5 1 mm.
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186. LATERAL MACROSETAE ON T2: (0)
absent; (1) marginal (m l) setae present; (2)
medial setae present (length 5 10; CI 5 0.20;
RI 5 0.83). See character 160 and table 4.
State 1 is also found in Pegesimallus laticornis
(Dasypogoninae); Daspletis stenoura (Steno-
pogoninae); and Oligopogon sp. (Cape Re-
cife). Among the outgroup taxa, lateral
macrosetae are never present (state 0).

187. LATERAL MACROSETAE ON T3: (0)
absent; (1) marginal (m l) setae present; (2)
medial setae present (length 5 10; CI 5 0.20;
RI 5 0.82). See character 160 and table 4.
State 1 is also found in Ommatius tibialis
(Ommatiinae); Daspletis stenoura (Stenopo-
goninae); and Oligopogon sp. (Cape Recife).

188. LATERAL MACROSETAE ON T4: (0)
absent; (1) marginal (m l) setae present; (2)
medial setae present (length 5 12; CI 5 0.16;
RI 5 0.75). See character 160 and table 4.
State 1 is also found in Ommatius tibialis
(Ommatiinae); Daspletis stenoura (Stenopo-
goninae); and Oligopogon sp. (Cape Recife).

189. LATERAL MACROSETAE ON T5: (0)
absent; (1) marginal (m l) setae present; (2)
medial setae present (length 5 16; CI 5 0.12;
RI 5 0.62). See character 160 and table 4.
State 1 is also found in Afroestricus chiasto-
neurus and Ommatius tibialis (Ommatiinae);
Daspletis stenoura (Stenopogoninae); and
Oligopogon sp. (Cape Recife).

190. LATERAL MACROSETAE ON T6: (0)
absent; (1) marginal (m l) setae present; (2)
medial setae present (length 5 15; CI 5 0.13;
RI 5 0.31). See character 160 and table 4.

State 1 is also found in Afroestricus chiasto-
neurus and Ommatius tibialis (Ommatiinae)
and Oligopogon sp. (Cape Recife).

191. LATERAL MACROSETAE ON T7: (0)
absent; (1) marginal (m l) setae present; (2)
medial setae present (length 5 5; CI 5 0.40;
RI 5 0.40). See character 160 and table 4.
State 1 is also found in Afroestricus chiasto-
neurus and Ommatius tibialis (Ommatiinae)
and Oligopogon sp. (Cape Recife).

192. ANTERIOR MARGINS OF T3–8: (0)
straight, no apodemes; (1) two lateral apo-
demes (length 5 1; CI 5 1.00; RI 5 1.00).
Yeates and Irwin (1996) established the
presence of two lateral apodemes on the
anterior margin of the male T3–8 as an
autapomorphy of a subordinate taxon of
Mydidae. Two lateral apodemes (state 1) are
found here in Mydidae species, with the
exception of Neorhaphiomidas sp. (Man-
durah) and Rhaphiomidas maehleri, and an
entire anterior margin in all other taxa
(state 0).

193. ABDOMINAL SEGMENTS: (0) T1–T8 and
S1–S8 well developed; (1) T1–T7 and S1–S7
well developed, T8 + S8 reduced to ring of
sclerites; (2) T1–T7 well developed, T8
entirely lost; (3) T1–T6 and S1–S6 well
developed, T7–T8 and S7 reduced, S8 well
developed; (4) T1–T8 and S1–S7 well devel-
oped, S8 reduced; (5) T1–T7 and S1–S8 well
developed, T8 reduced to narrow sclerite; (6)
T1–T6 and S1–S6 well developed, T7–T8 and
S7–S8 reduced to ring of sclerites (length 5
28; CI 5 0.21; RI 5 0.68). The reduction of

Fig. 102. Hypopygium of Lamyra gulo (Laphriinae) in lateral and ventral view. Morphological
features labeled; vestiture omitted; abbreviations see Materials and Methods. Scale line 5 1 mm.
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tergites or sternites just anterior to the male
terminalia can be found in many Asilidae
species. Sixty-nine out of 158 species possess
tergites or sternites that are reduced at least
to some extent. Hermann (1920) based his
Prytaninae (unavailable name: Sabrosky,
1999; Dikow, 2004) on the reduction of the
6th abdominal segment. The different char-
acter states are found widely within Asilidae,
but in all Asilinae; Bathypogoninae; Lepto-
gastrinae; Ommatiinae; Phellinae; and Tillo-
bromatinae; abdominal segments 1–8 are well
developed (state 0). State 0 is also found in
most Brachyrhopalinae; Stenopogoninae ex-
cept Daspletis stenoura; and Willistonininae
except Sisyrnodytes sp. (Gamka). State 1 is
found in many Dasypogoninae; Lasiopogon
species (Stichopogoninae); Damalis species
(Trigonomiminae); and a few other species.

T8 seems to be entirely lost in Rhipidocephala
sp. (Harold Johnson) and Trigonomima sp.
(anamaliensis) (Trigonomiminae) (state 2).
The highest degree of reduction is found
within Laphriinae where character states (3),
(5), and (6) are exclusively found and the
character state distribution for these species
is summarized in table 5. State 4 is found in a
few Brachyrhopalinae and Dasypogoninae;
Dioctriinae except Broticosia paramonovi;
Stichopogoninae except Lasiopogon species;
and Holcocephala species (Trigonomiminae).
Among the outgroup taxa, Poecilognathus sp.
(El Hacha) (Bombyliidae) and Nemestrinidae
possess state 1 whereas Mydas clavatus,
Nemomydas brachyrhynchus, Neorhaphiomi-
das sp. (Mandurah), Opomydas townsendi,
and Pseudonomoneura hirta (all Mydidae)
possess state 5.

TABLE 5
Development of abdominal tergites and sternites of segments 6–8 in males of species of Laphriinae (character 193)

Symbols: N 5 sclerites developed normally; n 5 sclerites reduced to narrow sclerite

Species T6 S6 T7 S7 T8 S8 state

Andrenosoma cyrtoxys N N N N n N 5

Aphestia annulipes N N N N n n 1

Atomosia puella N N n n n n 6

Cerotainia albipilosa N N n n n n 6

Choerades bella N N N N n N 5

Dasyllis funebris N N N N n N 5

Goneccalypsis argenteoviridis N N N N n n 1

Hoplistomerus nobilis N N n n n N 4

Hyperechia nigripennis N N N N n N 5

Loewinella nigripes N N N N n n 1

Lamyra gulo N N n n n N 4

Lampria clavipes N N N N n N 5

Laphria aktis N N N N n n 1

Laphria flava N N N N n n 1

Laphystia aegyptiaca N N n n n N 4

Laphystia tolandi N N n n n N 4

Laxenecera albicincta N N n n n N 4

Maira aenea N N N N n N 5

Nusa infumata N N N N n N 5

Orthogonis scapularis N N N N n N 5

Perasis transvaalensis N N n n n N 4

Pilica formidolosa N N N N n N 5

Proagonistes praeceps N N N N n N 5

Protometer sp. (El Tuparro) N N n n n N 4

Psilocurus modestus N N n n n N 4

Smeryngolaphria numitor N N N N n N 5

Stiphrolamyra angularis N N n n n N 4

Trichardis effrena N N n n n N 4

Zabrops tagax N N n n n N 4
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194. SHAPE OF S8: (0) simple, rectangular
sclerite or reduced to narrow sclerite; (1)
distal margin with protuberances; (2) distal
margin with flaplike sclerite (length 5 5; CI
5 0.40; RI 5 0.00). Reichardt (1929)
described and illustrated an elongated and
setose S8 in Tolmerus atricapillus (as Machi-
mus). This is in contrast to most other
Asilidae species in which S8 is simple and
no distal projections are developed (state 0).
In the present analysis projections are found
only in a few species of Asilinae. Lochmor-
hynchus albicans, Machimus chrysitis, and
Tolmerus atricapillus possess a projection of
S8 (state 1), which is well connected to the
remaining part of S8. Afromochtherus men-
dax, Heligmonevra laevis, and Zosteria rose-
villensis possess a projection on S8, but here it
is not visible in dried specimens and can be
examined only when the abdomen is macer-
ated in KOH because it is joined to the
sclerite by a piece of lightly sclerotized cuticle
and can be flipped underneath S8 (state 2).
Among the outgroup taxa, S8 is always
simple (state 0). Species in which S8 is
entirely lost are coded as inapplicable (-)
(see character 193).

195. ROTATION OF HYPOPYGIUM: (0) not
rotated; (1) rotated by 90u–180u (length 5 18;
CI 5 0.05; RI 5 0.73). The rotation of the
hypopygium within Asilidae and particularly
in Laphriinae, where it is most widespread,
has been observed by Snodgrass (1902),
Reichardt (1929), Karl (1959), and subse-
quent authors. Here, only the rotation of
more than 90u is considered as a rotation of a
few degrees may result from the preservation
method of individual specimens. The direc-
tion of the rotation is not considered.
Dasypogoninae, with the exception of Diog-
mites grossus, Saropogon dispar, and There-
utria amaraca; Laphriinae except Perasis
transvaalensis; many Stenopogoninae; Tillo-
bromatinae; Damalis species (Trigonomimi-
nae); and a few other Asilidae species possess
rotated hypopygia (state 1). Among the
outgroup taxa, Bombylius major (Bombylii-
dae) possesses a rotated hypopygium (state 1)
whereas all remaining species exhibit unro-
tated hypopygia (state 0).

196. DIRECTION OF HYPOPYGIUM: (0) point-
ing posteriorly; (1) pointing dorsally (length
5 4; CI 5 0.25; RI 5 0.00). The hypopygium

is generally positioned in line with the
abdominal segments (state 0). In a few species
of Asilinae, the hypopygium is positioned
perpendicular to the abdomen and held
upright (state 1; fig. 3). This was observed
by Karl (1959) for Erax Scopoli, 1763 who
stated that the gonocoxites are angled prox-
imally and therefore pushing the remaining
hypopygium dorsad. Species exhibiting state
1 are Clephydroneura sundaica, Eichoichemus
pyrrhomystax, Neoitamus cyanurus, and Po-
gonioefferia pogonias (all Asilinae). Among
the outgroup taxa, the hypopygium is always
pointing posteriorly (state 0).

197. DEVELOPMENT OF EPANDRIUM: (0) a
single sclerite, fused more or less entirely
medially; (1) separated medially and joining
proximally; (2) separated medially and far
apart proximally (length 5 24; CI 5 0.08; RI
5 0.70). Reichardt (1929), Hardy (1948),
Karl (1959), Papavero (1973a), Theodor
(1976), and Sinclair et al. (1994) observed
the different development of the epandrium,
which may be entirely fused medially to form
a single sclerite (state 0; figs. 102–103), or
both epandrial halves may be separated
medially (state 1; figs. 104, 113; state 2;
fig. 105). All three character states are found
widely within Asilidae and the outgroup taxa.
A single epandrium is found in Austrosar-
opogon nigrinus, Brachyrhopala ruficornis,
Cabasa pulchella, Chrysopogon pilosifacies,
Codula limbipennis, Heteropogon manicatus,
and Nannocyrtopogon lestomyiformis (all
Brachyrhopalinae); Cyrtophrys attenuatus,
Dasypogon diadema, Deromyia fuscipennis,
Lestomyia fraudiger, Megapoda labiata, Mo-
lobratia teutonus, Pegesimallus laticornis,
Pseudorus distendens, and Senobasis corsair
(all Dasypogoninae); Dicolonus simplex,
Dioctria species, Eudioctria albius, and Nan-
nodioctria sp. (formicaphaga) (all Dioctrii-
nae); Laphriinae; Connomyia varipennis (Ste-
nopogoninae); Lissoteles aquilonius, Sticho-
pogon species, and Townsendia albomacula
(all Stichopogoninae); and Sisyrnodytes sp.
(Gamka) (Willistonininae) (state 0; fig. 103).
Holopogon priscus (Brachyrhopalinae); Co-
phinopoda chinensis, Ommatius incurvatus,
and Ommatius tibialis (all Ommatiinae); and
Willistonina bilineata (Willistonininae) pos-
sess a medially divided epandrium, but the
epandrial halves are set far apart from each
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other and do not join proximally (state 2;
fig. 105). The highest morphological diversity
of epandrial development is found within
Trigonomiminae in that Damalis annulata
and Damalis sp. (Palatupana) possess a single
epandrium (state 0), Rhipidocephala sp.
(Harold Johnson) and Trigonomima sp.
(anamaliensis) possess a medially divided
epandrium (state 1), and Damalis mono-
chaetes and Holcocephala species possess a
medially divided epandrium in which the
epandrial halves are set far apart (state 2;
fig. 105). Among the outgroup taxa, Apio-
ceridae, Mydidae, with the exception of
Afroleptomydas sp. (Clanwilliam) and Opo-
mydas townsendi, and Scenopinidae possess a
medially divided epandrium (state 1) and all
remaining species possess a single epandrial
sclerite (state 0).

198. SURSTYLUS ON EPANDRIUM: (0) absent;
(1) present, distal two-thirds of epandrium
form a secondary, movable lobate; (2)
present, small, movable epandrial lobes
connected to subepandrial sclerites (length
5 2; CI 5 1.00; RI 5 1.00). Karl (1959) and
Martin (1968) discussed the division of the
epandrium into a fixed, proximal sclerite and
a movable, distal surstylus in many species of
Leptogastrinae (sensu Martin). Surstyli are
found within Eremoneura in a number of
Empidoidea taxa and all Cyclorrhapha (e.g.,

Cumming et al., 1995; Sinclair and Cum-
ming, 2006) and the homology of the
structure found in Asilidae and in Eremo-
neura is not established (Griffiths, 1994).
However, Emden and Hennig (1970: 341)
and Torre-Bueno (Nichols, 1989: 735) define
surstyli as ‘‘secondary lobate differentiations
of epandria’’ and this accurately describes the
structure found in Leptogastrinae (sensu
Martin) (state 1, 101). Emden and Hennig
(1970) studied Dioctria cothurnata Meigen,
1820 (Dioctriinae) and labeled a small, distal
lobe of the epandrium as a surstylus. A
similar, nonmovable distal projection of the
epandrium is also evident in many Laphrii-
nae, e.g., Lamyra gulo (fig. 102), and even in
Mydidae (Mydas clavatus). Adisoemarto and
Wood (1975) used the development of the
surstylus in their phylogenetic analysis of
Dioctriinae as a character, but upon close
examination it is evident that the structures
described are not the same that Emden and
Hennig (1970) labeled as such and are rather
lateral projections of the subepandrial sclerite
(see character 211) and not part of the
epandrium. Therefore, these structures are
not considered homologous to the state
found in Leptogastrinae (sensu Martin) as
was also emphasized by Karl (1959). Sinclair
et al. (1994) reviewed the surstylus found in
Apsilocephalidae and this structure is not

Figs. 103–105. SEM micrographs and drawing of male hypopygia in dorsal view. 103. Hoplistomerus
nobilis (Laphriinae). 104. Euscelidia pulchra (Leptogastrinae). 105. Damalis monochaetes (Trigonomimi-
nae). Scale lines 5 0.5 mm.
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homologous to the surstylus found in Lepto-
gastrinae (sensu Martin) as it is connected to
the subepandrial sclerite (state 2). Ovtshinni-
kova (1989) established that the surstyli in
Leptogastrinae (sensu Martin) are moved by
the tergosternal muscle M51, which is con-
nected to the lateral parts of the gonocoxites
and the distal part of the epandrium in
Asiloidea (Ovtshinnikova and Yeates, 1998).
Griffiths (1994), therefore, concluded that
surstyli in Leptogastrinae (sensu Martin) are
not appendages (5 styli) musculated from
the epandrium itself and therefore should not
be called surstyli. For lack of a better term, I
use surstyli in the following sense: secondary,
movable lobate differentiations of epandria
(state 1; figs. 101, 104). These surstyli are
found in Leptogastrinae, with the exception
of Acronyches maya. Among the outgroup
taxa, surstyli are absent (state 0) except for
Apsilocephalidae (state 2).

199. HYPANDRIUM SHAPE: (0) well devel-
oped, rectangular or square sclerite; (1) well
developed, triangular sclerite; (2) reduced or
not differentiated (length 5 36; CI 5 0.05; RI
5 0.67). Karl (1959) used the rectangular
shape and the reduction of the hypandrium
as characters in his phylogenetic study on
Asilidae. Papavero (1973a) discussed the
shape of the hypandrium in several taxa
and postulated that a free, triangular hypan-
drium is the plesiomorphic state in Asilidae.
The different shapes are divided here into
three states as these seem to be easily
delineated. A well-developed, rectangular or
square hypandrium is found in Asilinae
except Congomochtherus inachus; Psilocurus
modestus and Zabrops tagax (Laphriinae);
Leptogaster arida and Tipulogaster glabrata
(Leptogastrinae); Ommatiinae except Micho-
tamia aurata; and a few species of Brachyr-
hopalinae; Dasypogoninae; Dioctriinae; and
Stenopogoninae (state 0; figs. 106, 110, 113).
A triangular hypandrium is illustrated in
fig. 102 (state 1). The hypandrium can be
reduced or is at least not differentiated from
the gonocoxites (see character 200), which is
found in many species of Laphriinae; Acro-
nyches maya, Beameromyia bifida, and Eu-
scelidia pulchra (all Leptogastrinae); Sticho-
pogoninae except Lasiopogon species;
Trigonomiminae except Rhipidocephala sp.
(Harold Johnson); and Trichoura sp. (Tier-

berg) (Willistonininae) (state 2; figs. 108–
109). All remaining species possess a well-
developed, triangular hypandrium. Among
the outgroup taxa, all three states are found.

200. GONOCOXITES FUSION WHEN HYPAN-

DRIUM REDUCED: (0) not fused medially; (1)
fused proximomedially (length 5 4; CI 5
0.25; RI 5 0.72). Snodgrass (1902), Cole
(1927), and Reichardt (1929) labeled the
dorsal part of the rotated hypopygium of
species of Laphria and Dasyllis as S9
(5 hypandrium) and therefore postulated
that the gonocoxites are absent. Karl (1959),
however, showed that the dorsal structures in
Laphria are in fact the gonocoxites, postulat-
ing that the hypandrium is reduced and that
the gonocoxites are sometimes fused medial-
ly. This hypothesis is followed here when
coding the development of the hypandrium.
Thirty-five Asilidae species possess a reduced
hypandrium and in most of these species the
gonocoxites are not fused medially (state 0).
In Andrenosomatini except Hyperechia nigri-
pennis as well as Hoplistomerus nobilis,
Laphriini, Laphystia aegyptiaca, and Stiphro-
lamyra angularis (all Laphriinae) the hypan-
drium is reduced and the gonocoxites are
fused proximomedially (state 1; figs. 108–
109). Among the outgroup taxa, no species
with a reduced hypandrium possesses medi-
ally fused gonocoxites. All species with a
well-developed hypandrium (see character
199) are coded as inapplicable (-).

201. HYPANDRIUM AND EPANDRIUM: (0)
not approximating, separated by gonocox-
ites; (1) approximating, but not fused prox-
imally; (2) fused at least partially; (3) fused,
connected by narrow sclerites proximally
(length 5 16; CI 5 0.18; RI 5 0.83). Both
Yeates (1994) and Sinclair et al. (1994)
independently observed the proximal connec-
tion of the epandrium and hypandrium in
some species of Asilidae and postulated this
character as a possible autapomorphy of
robber flies. Separated epandria and hypan-
dria are found in Ceraturgus fasciatus,
Dasycyrton gibbosus, and Heteropogon man-
icatus (all Brachyrhopalinae); Dioctriinae;
Laphriinae except Stiphrolamyra angularis;
Connomyia varipennis (Stenopogoninae); and
Acnephalum cylindricum and Sisyrnodytes sp.
(Gamka) (Willistonininae) (state 0; fig. 102).
Epandrium and hypandrium are approximat-
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ing and fused at least partly in Neolophonotus
bimaculatus (Asilinae); Holopogon priscus
and Leptarthrus brevirostris (Brachyrhopali-
nae); Cyrtophrys attenuatus, Deromyia fusci-
pennis, Megapoda labiata, Pegesimallus lati-
cornis, Pseudorus distendens, and Senobasis
corsair (all Dasypogoninae); Beameromyia
bifida and Euscelidia pulchra (Leptogastri-
nae); Damalis sp. (Palatupana), Holcocephala
species, and Trigonomima sp. (anamaliensis)
(all Trigonomiminae); and Trichoura sp.
(Tierberg) (Willistonininae) (state 2; fig.
101). A proximal sclerite originating from
the epandrium connecting to the hypandrium

is found in Lissoteles aquilonius and Sticho-
pogon species (Stichopogoninae) (state 3;
fig. 112). In all species of Bathypogoninae;
Ommatiinae; Phellinae; and Tillobromatinae;
and the remaining species not mentioned
above, the epandrium and hypandrium ap-
proximate, but are not fused (state 1).
Among the outgroup taxa, the epandrium
and hypandrium are always separated by the
gonocoxites (state 0).

202. HYPANDRIUM AND GONOCOXITES: (0)
gonocoxites entirely free; (1) gonocoxites
fused to hypandrium; (2) gonocoxite-hypan-
drial complex (length 5 23; CI 5 0.08; RI 5

Figs. 106–111. SEM micrographs of male hypopygia in ventral view. 106. Dysmachus trigonus
(Asilinae). 107. Philonicus albiceps (Asilinae), detail of gonocoxite and gonostyli. 108. Laphria flava
(Laphriinae). 109. Hoplistomerus nobilis (Laphriinae). 110. Dioctria atricapillus (Dioctriinae). 111. Damalis
monochaetes (Trigonomiminae). Scale lines 5 200 mm.
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0.73). In general, the gonocoxites are free or
only proximally associated with the hypan-
drium so that they can be moved in a vertical
plane. Martin (1968) found that in most
species of Leptogastrinae the gonocoxites
and hypandrium are fused. A distinct suture
is evident between the two parts in lateral
view and this is found in all species of
Asilinae; most Brachyrhopalinae; Dasypogo-
ninae; with the exception of Saropogon dispar
and Thereutria amaraca; Dioctriinae except
Eudioctria albius; Hoplistomerus nobilis, Lax-
enecera albicincta, Nusa infumata, and Tri-
chardis effrena (all Laphriinae); Emphy-
somera species and Michotamia aurata
(Ommatiinae); Stenopogoninae, with the
exception of Gonioscelis ventralis and Prolep-
sis tristis; and Tillobromatinae except Lycos-
tommyia albifacies (state 0; figs. 101, 110,
113). The fusion of the hypandrium and
gonocoxites is not uncommon among Asili-
dae species and is found in all Bathypogoni-
nae; most Laphriinae; Lasiocnemus lugens,
Leptogaster species, and Tipulogaster glab-
rata (all Leptogastrinae); Cophinopoda chi-
nensis and Ommatius species (Ommatiinae);
Phellinae; Stichopogoninae; Rhipidocephala
sp. (Harold Johnson) (Trigonomiminae); and

a few other species not mentioned above
(state 1; figs. 101, 108–109, 112). In some
species, no suture is visible and this state is
here referred to as a gonocoxite-hypandrial
complex, which is found in Acronyches maya,
Beameromyia bifida, and Euscelidia pulchra
(all Leptogastrinae); most Trigonomiminae;
and Trichoura sp. (Tierberg) (Willistonini-
nae) (state 2; fig. 111). It is important to
verify whether hypandrium and gonocoxite
are fused or whether one or the other is
simply reduced (see character 200). Karl
(1959) postulated that the hypandrium is
more often reduced than the gonocoxites.
The presence of gonostyli is an indicator that
gonocoxite and hypandrium are fused.
Among the outgroup taxa, it is assumed that
the gonocoxite and hypandrium are fused
into a gonocoxite-hypandrial complex in
Mydidae species, with the exception of
Opomydas townsendi (state 2). In Mydidae,
the gonostyli are reduced (see character 205)
and there is no evidence to support fusion
over reduction or vice versa. Therevidae
possess entirely free gonocoxites (state 0)
whereas in Apioceridae, Apsilocephalidae,
Bombyliidae, and Scenopinidae, the gono-
coxites are fused to the hypandrium (state 1).

Figs. 112–114. Hypopygia and aedeagus. 112. Stichopogon trifasciatus (Stichopogoninae), hypopygium
lateral, gonocoxal apodeme grey. 113. Philodicus tenuipes (Asilinae), hypopygium lateral and dorsal,
gonocoxal apodeme grey. 114. Philodicus tenuipes, aedeagus lateral, sperm sac grey. Vestiture omitted.
Scale lines 5 1 mm.
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Nemestrinidae possess a gonocoxite-hypan-
drial complex (state 2).

203. EPANDRIUM AND GONOCOXITES: (0)
gonocoxites or gonocoxite-hypandrial com-
plex entirely free; (1) gonocoxites or gono-
coxite-hypandrial complex partially fused to
epandrium (length 5 12; CI 5 0.08; RI 5
0.52). In a similar way to the fusion of
gonocoxite and hypandrium, the epandrium
can also be fused to the gonocoxite in
addition to the usual proximal connection
found in most species. The vertical movement
of the gonocoxite is reduced due to the fusion
of both sclerites. Fused epandrium and
gonocoxite or a gonocoxite-hypandrial com-
plex are found in Hoplistomerus nobilis,
Lamyra gulo, Laphria species, Laxenecera
albicincta, Maira aenea, Nusa infumata,
Perasis transvaalensis, Smeryngolaphria nu-
mitor, Stiphrolamyra angularis, and Trichar-
dis effrena (all Laphriinae); Leptogastrinae
except Acronyches maya; Ommatius tibialis
and Ommatius incurvatus (Ommatiinae); Go-
nioscelis ventralis (Stenopogoninae); Holco-
cephala species and Trigonomima sp. (anama-
liensis) (Trigonomiminae); and Acnephalum
cylindricum (Willistonininae) (state 1; figs.
101–102). All remaining Asilidae and out-
group taxa possess free gonocoxites (state 0;
figs. 112–113).

204. GONOCOXAL APODEME: (0) absent; (1)
present, short, at most only slightly extending
hypopygium proximally; (2) present, long,
extending well into abdominal segment 8
(length 5 20; CI 5 0.10; RI 5 0.66). Sinclair
et al. (1994) and Cannings (2002) discussed
the different development of gonocoxal
apodemes in Asiloidea and Stichopogoninae,
respectively. Most species of Asilidae possess
a gonocoxal apodeme (state 1; figs. 112–113)
and it is absent only in Pogonioefferia
pogonias (Asilinae); Austrosaropogon nigri-
nus, Codula limbipennis, Dasycyrton gibbosus,
and Rhabdogaster pedion (all Brachyrhopali-
nae); Dasypogon diadema, Deromyia fusci-
pennis, and Pegesimallus angularis (all Dasy-
pogoninae); Laphriinae, with the exception
of Aphestia annulipes, Perasis transvaalensis,
Smeryngolaphria numitor, and Stiphrolamyra
angularis; Leptogastrinae except Acronyches
maya; Damalis species (Trigonomiminae);
and Acnephalum cylindricum (Willistonini-
nae) (state 0). In Apoclea algira, Megaphorus

pulchrus, Philodicus tenuipes, and Promachus
amastrus (all Asilinae), the gonocoxal apo-
deme is very long and extending well into
abdominal segment 8 (state 2; fig. 113).
Among the outgroup taxa, a short gonocoxal
apodeme is present in Apioceridae, Mydidae,
with the exception of Afroleptomydas sp.
(Clanwilliam), Nemomydas brachyrhynchus,
and Pseudonomoneura hirta, and Therevidae
(state 1), and Scenopinidae possess an
elongated gonocoxal apodeme (state 2).

205. DEVELOPMENT OF GONOSTYLI: (0)
absent; (1) present (length 5 1; CI 5 1.00;
RI 5 1.00). Karl (1959) found that Dissmer-
yngodes nigripes (Macquart, 1838) (referred
to as junior synonym Atomosia dispar Walk-
er, 1850, Laphriinae) is the only robber fly he
studied that lacks gonostyli. Martin (1968)
mentioned additional Atomosiini genera, i.e.,
Atomosia, Atomosiella Wilcox, 1937, Atonio-
myia Hermann, 1912, Eumecosoma Schiner,
1866, and Cerotainia, lacking gonostyli. In
the present analysis, all Asilidae possess
gonostyli (state 1; figs. 101–102, 106–
107, 109–110). Yeates and Irwin (1996)
established the lack of gonostyli as an
autapomorphy of Mydidae, which was also
found by Karl (1959) in Mitrodetus dentitar-
sis, and all mydas flies sampled here lack
gonostyli (state 0). All remaining outgroup
taxa possess gonostyli (state 1).

206. GONOSTYLI POSITION ON GONOCOX-

ITES: (0) proximal; (1) medial; (2) distal
(length 5 30; CI 5 0.06; RI 5 0.50). Karl
(1959) and Papavero (1973a) discussed the
position of gonostyli on the gonocoxites and
concluded that a distal position is plesio-
morphic. The position of the gonostyli is
variable within Asilidae and a distal position
is most common (state 2; figs. 101–102, 109–
110, 112). The gonostyli are proximal in most
Asilinae, with the exception of Blepharotes
splendidissimus, Heligmonevra laevis, Mega-
phorus pulchrus, Neoitamus cyanurus, Nomo-
myia murina, and Threnia carbonaria (state 0;
figs. 106–107). The gonostyli are situated
medially in Cyrtopogon species and Nanno-
cyrtopogon lestomyiformis (Brachyrhopali-
nae); Blepharepium cajennensis, Dasypogon
diadema, Megapoda labiata, and Pseudorus
distendens (all Dasypogoninae); Emphy-
somera species (Ommatiinae); Atomosia
puella, Cerotainia albipilosa, Laphria species,
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Laxenecera albicincta, Orthogonis scapularis,
Perasis transvaalensis, and Stiphrolamyra
angularis (all Laphriinae); Phellus olgae
(Phellinae); Ancylorhynchus fulvicollis, Pro-
lepsis tristis, and Stenopogon rufibarbis (Ste-
nopogoninae); Hypenetes stigmatias and Ly-
costommyia albifacies (Tillobromatinae);
Damalis monochaetes (Trigonomiminae);
and Ablautus coquilletti and Willistonina
bilineata (Willistonininae) (state 1; fig. 111).
Among the outgroup taxa, Apioceridae
possess gonostyli medially on the gonocoxites
(state 1) and the remaining species possess
distal gonostyli (state 2). Mydidae is coded as
inapplicable (-) as mydas flies lack gonostyli
(see character 205).

207. LATERAL PROCESSES OF GONOSTYLI: (0)
absent; (1) present (length 5 1; CI 5 1.00; RI
5 1.00). Martin (1968) observed lateral
processes of the gonostyli in all Leptogas-
trinae. Later, Theodor (1976: figs. 20, 21)
illustrated median processes in the species of
Leptogastrinae he examined and showed a
large process medially to the gonostylus that
appears to be movable. The lateral processes
are smaller or similar in size to the gonostyli
and in my interpretation are actually situated
laterally to the gonostyli as was postulated by
Martin (1968). Lateral processes of gonostyli
are found only to be present in Leptogas-
trinae except Acronyches maya (state 1;
fig. 101). Among the outgroup taxa, lateral
processes of gonostyli are absent (state 0) and
Mydidae is coded as inapplicable (-) as all
species lack gonostyli (see character 205).

208. SUBEPANDRIAL SCLERITE SHAPE: (0) no
modifications; (1) with protuberances medi-
ally (length 5 9; CI 5 0.11; RI 5 0.11). Karl
(1959) illustrated comblike setae at the
posterior tip of the subepandrial sclerite in
Stichopogon scaliger Loew, 1847 (Stichopo-
goninae). Cannings (2002) discussed the
setation of the subepandrial sclerite in species
of Lasiopogon (Stichopogoninae) and as it is
found that within Asilidae, different protu-
berances and setae can be found on this
sclerite (see characters 208–211). In general,
robber flies possess a smooth sclerite without
special protuberances (state 0), but Colepia
rufiventris and Lycomya germainii (Asilinae);
Psilocurus modestus (Laphriinae); Stenopogon
sabaudus (Stenopogoninae); Hypenetes stig-
matias and Tillobroma punctipennis (Tillo-

bromatinae); and Holcocephala species (Tri-
gonomiminae), possess medial protuberances
on the subepandrial sclerite (state 1). Among
the outgroup taxa, Bombylius major (Bom-
byliidae) and Neorhaphiomidas sp. (Man-
durah) (Mydidae) also possess medial protu-
berances (state 1).

209. SUBEPANDRIAL SCLERITE DISTAL MAR-

GIN: (0) simple, straight margin; (1) distal
projections; (2) short, stout macrosetae
(length 5 12; CI 5 0.16; RI 5 0.52). The
distal margin of the subepandrial sclerite is
usually simple and straight (state 0). Distal
projections are present in Afromochtherus
mendax, Apoclea algira, Clephydroneura spe-
cies, Colepia rufiventris, Heligmonevra laevis,
Machimus occidentalis, Neoitamus cyanurus,
Neomochtherus pallipes, Philodicus tenuipes,
Pogonioefferia pogonias, Zosteria rosevillen-
sis, and Threnia carbonaria (all Asilinae);
Dasypogon diadema (Dasypogoninae);
Aphestia annulipes and Pilica formidolosa
(Laphriinae); Daspletis stenoura (Stenopogo-
ninae); and Lycostommyia albifacies (Tillo-
bromatinae) (state 1). Short, stout macro-
setae are found in Lissoteles aquilonius and
Stichopogon species (Stichopogoninae) (state
2), and have been observed before by Karl
(1959) in Stichopogon scaliger. Among the
outgroup taxa, only Nemestrinidae possesses
distal projections (state 1).

210. SUBEPANDRIAL SCLERITE SETATION: (0)
absent or only a few weak setae; (1) short,
stout macrosetae (length 5 1; CI 5 1.00; RI
5 1.00). Cole (1927) and Cannings (2002)
found short, stout macrosetae on the sub-
epandrial sclerite surface only in species of
Lasiopogon (state 1) and this is confirmed
here and no other Asilidae species possesses
these setae (state 0). Among the outgroup
taxa, these setae are always absent (state 0).

211. SUBEPANDRIAL SCLERITE LATERAL PRO-

TUBERANCES: (0) absent; (1) present (length 5
13; CI 5 0.07; RI 5 0.42). Karl (1959)
described the subepandrial sclerite (referred
to as ventrale Lamelle des Analkegels) and its
platelike appearance in Asilidae. Adisoe-
marto and Wood (1975) discussed the
presence of protuberances of the subepan-
drial sclerite within the Dioctriinae (referred
to as surstyli, see character 198). In most
species of Asilidae, the lateral margin of the
subepandrial sclerite is smooth without any
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protuberances (state 0). In Threnia carbonaria
(Asilinae); Ceraturgus fasciatus and Cyrtopo-
gon species (Brachyrhopalinae); Saropogon
species (Dasypogoninae); Dioctriinae except
Echthodopa pubera; Cophinopoda chinensis,
Emphysomera conopsoides, Ommatius incur-
vatus, and Ommatius tibialis (all Ommatii-
nae); Creolestes nigribarbis, Microstylum sp.
(Karkloof), and Prolepsis tristis (all Stenopo-
goninae); lateral protuberances are present
(state 1). Among the outgroup taxa, Mitro-
detus dentitarsis (Mydidae) also possesses
lateral protuberances (state 1).

212. FUSION OF CERCI: (0) not fused (two
distinct sclerites); (1) fused to a single sclerite
(length 5 18; CI 5 0.05; RI 5 0.32). The
fusion of the cerci was observed by Karl
(1959) and used as a character in Stichopo-
goninae by Cannings (2002). The two cerci
are generally distinct and only join proximal-
ly in Asilidae (state 0). In Ceraturgus
fasciatus, Chrysopogon pilosifacies, Cyrtopo-
gon rattus, Holopogon priscus, and Nanno-
cyrtopogon lestomyiformis (all Brachyrhopa-
linae); Cyrtophrys attenuatus, Dasypogon
diadema, Lestomyia fraudiger, Megapoda
labiata, and Pegesimallus laticornis (all Da-
sypogoninae); Psilocurus modestus, Proto-
meter sp. (El Tuparro), and Zabrops tagax
(all Laphriinae); Ancylorhynchus fulvicollis,
Creolestes nigribarbis, Ospriocerus aeacus,
Prolepsis tristis, and Scylaticus costalis (all
Stenopogoninae); Stichopogon species (Sti-

chopogoninae); Tillobromatinae; Damalis sp.
(Palatupana) (Trigonomiminae); and Coleo-
myia setigera, the two cerci are fused to a
single sclerite medially (state 1). Among the
outgroup taxa, the cerci are never fused
(state 0).

213. LATERAL EJACULATORY PROCESS: (0)
absent; (1) present, small triangular sclerite;
(2) present, large cylindrical sclerite; (3)
present, wide rectangular sclerite (length 5
33; CI 5 0.09; RI 5 0.73). Karl (1959)
observed the absence of lateral ejaculatory
processes in Asilinae and Ommatiinae (re-
ferred to as Querapodeme). They are found
here to be absent in Asilinae; Deromyia
fuscipennis, Megapoda labiata, Pegesimallus
laticornis, and Pseudorus distendens (all Da-
sypogoninae); Echthodopa pubera (Dioctrii-
nae); Ommatiinae; Stichopogoninae except
Lasiopogon species; and Oligopogon sp.
(Cape Recife) (state 1; fig. 114). When the
lateral ejaculatory process is present, it can be
of different shape with a small triangular
sclerite most commonly represented (state 1;
fig. 115). A large, cylindrical process is
present in Bathypogoninae; Laphriinae, with
the exception of Atomosia puella, Perasis
transvaalensis, and Psilocurus modestus; Lep-
togastrinae; Phellus olgae (Phellinae); Lycos-
tommyia albifacies (Tillobromatinae); Dama-
lis monochaetes (Trigonomiminae); and a few
Brachyrhopalinae; Dasypogoninae; and Ste-
nopogoninae (state 2; fig. 101). A wide

Figs. 115–116. Aedeagi. 115. Afroholopogon peregrinus (Brachyrhopalinae), lateral and ventral. 116.
Pilica formidolosa (Laphriinae), lateral and dorsal. Lateral ejaculatory process grey. Scale lines 5 0.5 mm.
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rectangular sclerite is present in Brachyrho-
pala ruficornis and Cabasa pulchella (Bra-
chyrhopalinae); Aphestia annulipes, Choer-
ades bella, Lamyra gulo, and Laphria flava
(all Laphriinae); and Acnephalum cylindricum
and Sisyrnodytes sp. (Gamka) (Willistonini-
nae) (state 3). Among the outgroup taxa,
states (0), (1), and (2) are present.

214. FUNCTIONAL AEDEAGAL PRONGS: (0)
one prong; (1) two prongs; (2) three prongs
(length 5 11; CI 5 0.18; RI 5 0.81).
Reichardt (1929), Karl (1959), and Theodor
(1976) studied the aedeagus of many Asilidae
in detail and emphasized the difference in
number of functional aedeagal prongs as
openings of the ductus ejaculatorius. A single
prong is found in most Asilidae species, i.e.,
all Brachyrhopalinae; Dasypogoninae; Dioc-
triinae; Leptogastrinae; Ommatiinae; Phelli-
nae; Stenopogoninae; Stichopogoninae; Til-
lobromatinae; and Willistonininae (state 0;
figs. 101, 110–111). Two prongs are found
only in Myaptex brachyptera and Procta-
canthus philadelphicus (Asilinae) (state 1).
Three prongs are found in Asilinae, with
the exception of Blepharotes splendidissimus,
Colepia rufiventris, Dasophrys crenulatus,
Lycomya germainii, Neoitamus cyanurus,
Neolophonotus bimaculatus, Nomomyia mur-
ina, Satanas gigas, Threnia carbonaria, and
Zosteria rosevillensis; Laphriinae, with the
exception of Laphystia species, Perasis trans-
vaalensis, Protometer sp. (El Tuparro), and
Zabrops tagax (state 2; figs. 102, 106, 114).
Among Trigonomiminae, Damalis species
and Rhipidocephala sp. (Harold Johnson)
possess a single prong (state 0; fig. 111)
whereas Holcocephala species and Trigono-
mima sp. (anamaliensis) possess three prongs
(state 2). Among the outgroup taxa, Afro-
leptomydas sp. (Clanwilliam) (Mydidae) is
the only species that possesses two aedeagal
prongs and all remaining species possess only
a single prong (state 0).

215. DORSAL AEDEAGAL SHEATH LENGTH:
(0) short, sperm sac entirely free; (1) long,
sperm sac entirely covered (length 5 13; CI 5
0.07; RI 5 0.85). The dorsal aedeagal sheath
is usually short and does not cover the sperm
sac (state 0; figs 101, 115). In Asilinae except
Neoitamus cyanurus; Deromyia fuscipennis,
Megapoda labiata, and Pseudorus distendens
(Dasypogoninae); Echthodopa pubera (Dioc-

triinae); Laphriinae, with the exception of
Atomosiini sensu stricto and Maira aenea;
Ommatiinae; and Stichopogoninae except
Lasiopogon species, the dorsal aedeagal
sheath is long and covers the sperm sac
entirely dorsally (state 1; fig. 114; see also
figs. 229, 293, 358, 399 in Theodor, 1976).
Among the outgroup taxa, Mydidae except
Pseudonomoneura hirta, Nemestrinidae, Sce-
nopinidae, and Therevidae possess a long
dorsal aedeagal sheath (state 1).

216. HYPANDRIUM POSTERIOR MARGIN: (0)
simple, no distinct projections; (1) long
median projection (length 5 6; CI 5 0.16;
RI 5 0.28). The distal margin of the
hypandrium can be of different shape and
some southern African species as well as a
few other species possess a long median
projection (state 1). Karl (1959) called this
projection brettartiges Gebilde. Afroholopo-
gon peregrinus (see figs. 45, 47 in Londt,
2005a: 247) and Rhabdogaster pedion (see
figs. 83, 85 in Londt, 2006a: 307, Brachyrho-
palinae); Broticosia paramonovi (Dioctriinae);
Creolestes nigribarbis, Daspletis stenoura (see
figs. 22, 24 in Londt, 1983: 296), and
Microstylum sp. (Karkloof) (all Stenopogo-
ninae); Lycostommyia albifacies (see figs. 56,
58 in Londt, 1992: 70; Tillobromatinae); and
Sisyrnodytes sp. (Gamka) (Willistonininae)
possess this process of unknown function
(state 1) whereas all remaining Asilidae
species lack a median process (state 0).
Among the outgroup taxa, the posterior
margin of the hypandrium is always simple
(state 0).

217. VENTRAL MEDIAN MARGIN OF DORSAL

AEDEAGAL SHEATH: (0) weakly sclerotized,
appearing incompletely closed; (1) strongly
sclerotized, appearing entirely closed (length
5 12; CI 5 0.08; RI 5 0.85). Sinclair et al.
(1994) discussed the incompletely closed
ventral median margin of the dorsal aedeagal
sheath as supporting the homology of the
aedeagal sheath in all Brachycera as it is
found in different taxa of Brachycera. In
Asilidae, the dorsal aedeagal sheath is
completely closed in Asilinae except Threnia
carbonaria; Pegesimallus laticornis (Dasypo-
goninae); Echthodopa pubera (Dioctriinae);
Laphriinae except Laphystia species; Lepto-
gastrinae except Acronyches maya; Ommatii-
nae; Stichopogoninae; and Trigonomiminae,
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with the exception of Damalis annulata and
Damalis monochaetes (state 1; figs. 114, 116).
State 0 is illustrated in figure 115. Among the
outgroup taxa, only Apsilocephalidae, Bom-
byliidae, Pseudonomoneura hirta (Mydidae),
and Nemestrinidae exhibit an incompletely
closed dorsal aedeagal sheath (state 0).

218. SPERM SAC: (0) appearing weakly
sclerotized; (1) appearing more or less heavily
sclerotized (length 5 30; CI 5 0.03; RI 5
0.57). The sperm sac is always sclerotized in
Asilidae, but it appears that some species
have a less sclerotized sperm sac compared to
other species. The majority of Asilinae;
Dasypogoninae; Dioctriinae; Laphriinae;
Leptogastrinae; Ommatiinae; Phellinae; and
Stenopogoninae and a few Brachyrhopalinae
and Willistonininae exhibit a heavily sclero-
tized sperm sac (state 1) whereas all remain-
ing species exhibit a weakly sclerotized sperm
sac (state 0). Among the outgroup taxa, only
Apsilocephalidae, Opomydas townsendi and
Pseudonomoneura hirta (Mydidae), and Ne-
mestrinidae exhibit a weakly sclerotized
sperm sac (state 0).

219. LATERAL EJACULATORY PROCESS AND

VENTRAL AEDEAGAL SHEATH: (0) lateral ejac-
ulatory processes directed laterally or anteri-
orly, not surrounded by ventral aedeagal
sheath; (1) lateral ejaculatory processes di-
rected posteriorly and surrounded by ventral
aedeagal sheath (length 5 6; CI 5 0.16; RI 5
0.80). When lateral ejaculatory processes are
present (see character 213) they can be free or
surrounded by the ventral aedeagal sheath. A
free process is most commonly found within
Asilidae (state 0; figs. 101, 115). Species of
Laphriinae vary in their development and,
with the exception of Atomosiini sensu
stricto, Laphria aktis, and Perasis transvaa-
lensis, Laphriinae exhibit state 1 (fig. 116).
Among the outgroup taxa, Mitrodetus denti-
tarsis (Mydidae), Scenopinidae, and There-
vidae possess state 1 whereas all remaining
species possess state 0. All species lacking a
lateral ejaculatory process are coded as
inapplicable (-).

220. SHAPE OF EJACULATORY APODEME: (0)
single plate of varying diameter and shape
(two lateral surfaces only): (1) triangular in
anterior view (two lateral and one dorsal
surface); (2) diamond-shaped in anterior view
(four lateral surfaces) (length 5 9; CI 5 0.22;

RI 5 0.41). Reichardt (1929) and Theodor
(1976) illustrated the musculature of the
ejaculatory apodeme connecting to the dorsal
aedeagal sheath. The apodeme itself can be of
different shape and is most commonly a
single plate of varying diameter, which has
two lateral surfaces and is positioned verti-
cally in the hypopygium or abdominal
segment 8 (state 0; figs. 101, 114–117). A
triangular apodeme with two lateral and one
dorsal surface is found in Blepharepium
cajennensis (Dasypogoninae); Phellinae; Sti-
chopogoninae except Lasiopogon cinctus; and
Willistonina bilineata (Willistonininae) (state
1; fig. 117). A diamond-shaped apodeme
with four lateral surfaces is found in Mega-
poda labiata (Dasypogoninae) and Nusa
infumata and Smeryngolaphria numitor
(Laphriinae) (state 2; fig. 117). Among the
outgroup taxa, most species possess a single
plate (state 0) and only Nemestrinidae
possess a triangular ejaculatory apodeme
(state 1).

CHARACTERS NOT CONSIDERED

Many characters and character complexes
show a high degree of morphological varia-
tion within Asilidae, such as pruinosity on
the thorax and abdomen, setal arrangement
on legs, wing microtrichia covering, shape
and appendages of the aedeagus, and shape
of gonostyli in males. Such characters are not
included here as their development is often
associated with species-specific differences
that are very difficult to homologize across
taxa. Only features for which character states
are consistently applicable across the entire
Asilidae are included.

Fig. 117. Schematic drawing of ejaculatory
apodemes in posterior view as coded in character
220 with character states indicated. Not to scale.
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Fisher (1986) postulated a field of sensilla
situated laterally on the cerci in female
Andrenosomatini as an autapomorphy for
this taxon. This character is not included here
as it would have been necessary to take
scanning electron micrographs of the ovipos-
itor of every female specimen to identify it
correctly. The value of this character is not in
doubt, however. Fisher (personal commun.)
studied a number of Asilinae species with
respect to the presence of a crop (absent in
Asilinae but present in Apocleinae sensu
Papavero (1973a) and Geller-Grimm
(2004)). As this character is observable only
in freshly killed or specially preserved spec-
imens, it could not be included here as the
vast majority of specimens are dry-mounted,
many of them considerably old.

The musculature of the male terminalia
has been shown to contain characters that
can be useful in delimiting taxa (Ovtshinni-
kova, 1989; Ovtshinnikova and Yeates,
1998), e.g., support for a clade Apioceridae,
Asilidae, and Mydidae is provided by the
presence of muscle M33 in these three taxa.
Despite the usefulness of this character
complex, no musculature is examined due
to the different preservation conditions of the
many specimens examined and the exemplar
approach employed here.

Theodor (1976) and Yeates (1994) dis-
cussed a number of characters of the female
spermathecae that are only observable under
high magnification in a compound micro-
scope, e.g., sclerotized tubules on spermathe-
cal duct, and these characters are not
considered as no slide mounts of spermathe-
cae are prepared.

RESULTS

The equally weighted parsimony analysis
of the character matrix in appendix 1 resulted
in 720 most parsimonious cladograms of
2760 steps (CI 5 0.13; RI 5 0.68); one of the
most parsimonious cladograms is illustrated
in figure 118. The strict consensus topology,
in which 37 nodes are collapsed, has a length
of 2965 steps (CI 5 0.12; RI 5 0.65; fig. 119).
The initial search of 300 RAS+TBR resulted
in 20 trees of 2761 steps length. The following
1500 iterations of the parsimony ratchet
(Nixon, 1999) found 710 trees of 2760 steps

length and the 1500 rounds of tree drifting
(Goloboff, 1999) added another 10 trees of
the same length. Increasing the number of
ratchet or tree-drifting iterations did not find
any shorter trees nor did it increase the
number of most parsimonious trees. Farris et
al. (1996) and Goloboff and Farris (2001)
highlighted the fact that it is not necessary to
find all most parsimonious topologies for
large data sets. As can be seen in the strict
consensus topology (fig. 119) the majority of
collapsed branches concerns the phylogenetic
relationships within the Asilinae. Finding
additional optimal trees of 2760 steps will
therefore likely be uninformative for the
higher-level relationships of Asilidae. The
search for Bremer support and relative
Bremer support resulted in 2785 suboptimal
trees of 1–8 steps longer than the most
parsimonious trees of 2760 steps. Although
search algorithms are implemented to find
primarily most parsimonious trees the pre-
sent procedure exhaustively searched the tree
space for suboptimal topologies so that the
calculation of Bremer support is as accurate
as possible. These support measures are
indicated in figure 119.

Asilidae is corroborated as monophyletic
with the following autapomorphies: labella
fused to prementum at least ventrally (char-
acter 23; fig. 31), hypopharynx heavily scler-
otized (30; figs. 39–40), hypopharynx with
dorsal seta-like spicules (33; figs. 42–43),
labrum short, at most half as long as labium
(34; fig. 31), cibarium trapezoidal (36;
figs. 46–47). Additional apomorphic charac-
ter states, which are also present in some
outgroup taxa or not all robber flies, under
unambiguous optimization are: vertex sharp-
ly depressed (3; fig. 28), prementum circular
in cross section (18), labella with rounded tip
(24; fig. 31), hypopharynx as long as labium
(31; fig. 31), cibarium with median longitu-
dinal ridge (38; figs. 46–47), postpronotal
lobes extending medially (72; fig. 64), anteri-
or anepisternal setae erect (78), prothoracic
tibiae with at least three setae antero-
ventrally (105), macrosetae and regular setae
on median surface of metathoracic trochan-
ter (114).

Under fast optimization the following
additional apomorphic character states are
optimized at the root of Asilidae: cross
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section of prementum proximally circular
(18), dorsoposterior margin of cibarium with
one transverse ridge connecting cornua (35;
fig. 47), ocellar setae composed of macro-
setae and regular setae (62), setae on poste-
rior meron + metanepisternum composed of
only regular setae (no macrosetae) (85). One
character (23, labella fused to prementum at
least ventrally), which is an autapomorphy
under unambiguous optimization, becomes
only an apomorphic character under fast
optimization.

Under slow optimization the following
additional apomorphic character states are
optimized at the root of Asilidae: facial
swelling extending over entire face (4),

mystax present (6), stipites fused to postgenae
(15; figs. 33–34), cross section of prementum
proximally circular (18), sclerotized hypo-
pharynx parallel-sided throughout, only dis-
tal tip suddenly pointed (32; figs. 39–40),
antennae positioned in dorsal half of head
(51; figs. 26–29), ocellar setae composed of
macrosetae and regular setae (62), katatergal
setae composed of macrosetae and regular
setae (83), no protuberance developed on
anterior surface of metathoracic coxa (113).

Comparing the placement of genera in the
most recent subfamilial classification of
Asilidae summarized by Geller-Grimm
(2004) to the present phylogenetic hypothesis,
it is evident that not all higher-level taxa as

Fig. 118. (above and right) One of the 720 most parsimonious trees obtained from parsimony analysis
of 158 Asilidae species and 17 outgroup taxa of the character matrix of appendix 1 (length 5 2760; CI 5
0.13; RI 5 0.68). Arrow indicates root of Asilidae; assignment of genera to subfamily taxa sensu Geller-
Grimm (2004) on right; monophyletic taxa in grey boxes (abbreviations: Apo 5 Apocleinae; Asi 5
Asilinae; Das 5 Dasypogoninae; Dio 5 Dioctriinae; Lep 5 Leptogastrinae; Lar 5 Laphriinae; Lay 5
Laphystiinae; Omm 5 Ommatiinae; Ste 5 Stenopogoninae; Sti 5 Stichopogoninae; Tri 5 Trigonomi-
minae).
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previously delimited are monophyletic. Thus
changes in the assignment of certain genera
are necessary. The only taxa recovered as
monophyletic are Laphriinae; Leptogastri-
nae; Ommatiinae; Stichopogoninae; and Tri-
gonomiminae. Dioctriinae is recovered as
monophyletic, but Myelaphus melas, which
was assigned to Stenopogoninae: Ceraturgini
by Artigas and Papavero (1991) and Geller-
Grimm (2004), groups within Dioctriinae as
postulated previously by Hull (1962) and
Adisoemarto and Wood (1975). Apocleinae
and Asilinae are paraphyletic with respect to
each other and Laphystiinae is paraphyletic
with respect to Laphriinae. Dasypogoninae
and Stenopogoninae are non-monophyletic
and representatives form several clades in
phylogenetically unrelated positions in the

cladogram. Many tribal taxa are recovered as
monophyletic although the delimitation of a
number of them has to be changed and
genera transferred to recognize only mono-
phyletic taxa. The taxon Apioceridae +
Mydidae is the sister group to Asilidae (see
Discussion).

A REVISED, HIGHER-LEVEL CLASSIFICATION

OF ASILIDAE

Since the first theoretical contributions by
Hennig (1950, 1966), only monophyletic taxa,
i.e., taxa including all descendents, extant
and extinct, of their most recent common
ancestor, are recognized in phylogenetic
systematics. Evolutionary taxonomists, in
contrast, use anagenesis in addition to

Fig. 119. (left and above) Strict consensus topology of 720 most parsimonious trees obtained from
parsimony analysis of 158 Asilidae species and 17 outgroup taxa of the character matrix of appendix 1
(length 5 2965; CI 5 0.12; RI 5 0.65). Bremer support/relative Bremer support below branches. Support
of $8/100 is indicated with filled circle. Arrow indicates root of Asilidae.
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cladogenesis in deriving classifications. The
result is the delimitation of taxa that do not
entail every descendent of the most recent
common ancestor (e.g., Mayr, 1974, 1981). It
is not evident from the introduction to the
two most comprehensive classifications on
Asilidae by Hull (1962) and Papavero (1973a)
whether they propose a cladistic or evolu-
tionary classification. Both studies, as out-
lined in the introduction, are not cladistic in
nature, although both authors labeled their
diagrams of relationships as phylogenetic,
i.e., ‘‘A provisional philogenetic [sic] arrange-
ment of the Asilidae’’ (Hull, 1962: text-fig.
35) and ‘‘Hypothetical phylogeny of the
subfamilies of Asilidae’’ (Papavero, 1973a:
fig. 1). Both authors first postulated a
classification from which they then deduced
a phylogeny. In cladistics, by contrast, the
phylogeny is postulated first, and only then is
a phylogenetic classification derived, so that
only monophyletic taxa are recognized.
Griffiths (1974), Hennig (1975), Farris
(1979), Gaffney (1979), and many later
authors emphasized that ‘‘the most impor-
tant biological reference system is a phylog-
eny and that a classification that mirrors a
phylogenetic hypothesis (however transitory)
is the most useful for systematists and
nonsystematists’’ (Gaffney, 1979: 104).
Wheeler (1995: 31) stated,

Ultimately, however, it is the primary product
of taxonomy that proves most useful to
taxonomists and biologists in general: the
predictive classification, based on cladistic
hypotheses. Such phylogenetic classifications
combine the best of descriptive taxonomy and
phylogenetic analysis providing the historical
perspective essential to a biology that is truly
evolutionary.

The present study is the most comprehen-
sive phylogenetic analysis of Asilidae to date
and there is no other choice than to also use
the phylogenetic branching pattern to estab-
lish a new, monophyletic, revised classifica-
tion. Admittedly, translating a phylogeny
into a monophyletic classification is straight-
forward, but it is certainly subjective in the
sense that one cannot (1) recognize every
monophyletic taxon with a name and (2)
objectively decide whether to call a certain
taxon a tribal taxon or subfamily taxon. The

only objective consideration is that when one
recognizes a group of species as a taxon, one
also has to recognize its sister taxon at the
same rank no matter its position in the
cladogram.

Unfortunately, at this stage it is impossible
to write a useful dichotomous or matrix-
based identification key that would place all
genera of Asilidae into subordinate taxa. The
desire of dipterists to have this tool is
understandable, but since only 140 out of
537 genera are represented in the present
analysis, no meaningful key can be written.
However, table 7 summarizes the character
distribution of 24 easily observed characters
that can aid in placing yet unstudied genera
and species. The provided diagnoses of all
taxa including autapomorphies and addition-
al apomorphic character states, which are
also found in other phylogenetically unrelat-
ed robber flies, should also be consulted.
Table 3 indicates the respective lengths of the
proximal tarsomeres that appear to be
diagnostic for at least some taxa, and so
should be consulted as well.

The following discussion, also summarized
in figures 120–121 and table 6, provides an
overview of the taxa (subfamily and tribe)
recognized in the revised classification. A
numbering system is employed to indicate the
subordination of taxa and the following
information for each taxon is provided:
autapomorphies, additional apomorphic
character states that are diagnostic, and
remarks with respect to the use of the
family-group name by previous authors.
One of the 720 most parsimonious clado-
grams is selected to illustrate the character
optimization and character distribution
(figs. 122–126) although the delimitation of
taxa is based on the strict consensus topology
(fig. 119) as it is the summary of all equally
parsimonious hypotheses. Taxa that only
contain a single genus are indicated as well,
although the diagnosis is based only on the
single included species.

This newly revised phylogenetic classifica-
tion recognizes 14 subfamilial taxa based on
already published family-group names sum-
marized in Sabrosky (1999) and Dikow
(2004). The status of some of the taxa is
revised, but no new family-group names are
described. It should be highlighted that a
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number of higher-level taxa actually contain
the same genera as postulated by previous
authors; for example, the present delimitation
of Laphriinae comprises all genera that
Papavero (1973a) and Geller-Grimm (2004)
placed in Laphriinae and Laphystiinae. The
phylogenetic hypothesis could also have been
divided into three higher-level taxa, i.e.,
Asilinae (including Ommatiinae, 5 taxon
B), Laphriinae, and Dasypogoninae (5 taxon
C), which would be the same arrangement as
postulated by Macquart in 1838. However, I
did not choose to propose this classification
as taxon C would be (1) morphologically very
heterogeneous, (2) the large leftover group
that is not easily diagnosable, and (3) the
majority of generic and species diversity that,
in my view, would not be investigated as
thoroughly as the easily delimited Asilinae or
Laphriinae.

1. LAPHRIINAE

Laphriinae Macquart, 1838. Type genus Laphria
Meigen, 1803. Species represented: 29. Fig-
ures 120–122.

Autapomorphies: None. Additional apo-
morphic character states: Dorsal margin of
postocciput with triangular projection (42;
fig. 50), apical ‘‘seta-like’’ sensory element
situated apically in cavity on stylus (57;
fig. 57), dorsal margin of prosternum with
distinct flangelike projection (75; fig. 66),
metkatepisternum large and visible between
mesothoracic and metathoracic coxae (ven-
tral view) (100), setae present on lateral
metathoracic coxae (112), cell r1 closed, R1

and R2+3 meet at costa (131; figs. 73, 76),
R2+3 apex arching sharply anteriorly in 90u
angle (142; fig. 73), R4 strongly sinuate (144;
fig. 73), female T10 lost or fused to cerci
(172), male abdominal segments 1–6 well
developed, T7–8 and S7 reduced while S8 is
well developed (193). Laphriinae is the oldest
available family-group name within this clade
and includes all genera, which had been
previously assigned to Laphriinae and La-

phystiinae by Papavero (1973a) and Geller-
Grimm (2004).

1.1. LAPHYSTIINI HENDEL, 1936, NEW STA-

TUS.
Type genus: Laphystia Loew, 1847. Genera

included: Laphystia. Autapomorphies: None.
Additional apomorphic character states: Sty-
lus of antenna composed of two elements
(58), female common spermathecal duct long
and extending beyond tip of furca (177), male
ventral median margin of dorsal aedeagal
sheath weakly sclerotized (217), male sperm
sac appearing weakly sclerotized (218). The
taxon Laphystiinae sensu Papavero (1973a) is
not recovered as monophyletic in the present
analysis and only the two included species of
Laphystia form a clade that is here recog-
nized as a tribal taxon.

1.2. ATOMOSIINI LYNCH ARRIBALZAGA,
1882.

Type genus Atomosia Macquart, 1838.
Genera included: Aphestia, Atomosia, Cer-
otainia, Goneccalypsis, Loewinella, Orthogo-
nis, Smeryngolaphria. Autapomorphies:
None. Additional apomorphic character
states: Postpedicel cylindrical (same diameter
throughout) (54), apical ‘‘seta-like’’ sensory
element positioned subapically laterally on
postpedicel (57), fringe of parallel setae
present ventrally on metathoracic femora
and tibiae (118), metathoracic tibiae straight
(not arched) (119). The Atomosiini is con-
sidered here to contain also the Dasytrichini,
i.e., Orthogonis and Smeryngolaphria, which
is not recovered as monophyletic. The
diagnostic characters mentioned above are
sufficient to recognize Atomosiini and the
fact that Orthogonis scapularis shares an
autapomorphy with the Atomosiini sensu
previous authors exemplifies their close
phylogenetic relationship. Atomosiini except
Smeryngolaphria are characterized by an
autapomorphy, i.e., cell d is closed at the
distal end only by the base of M2 and
crossvein m-m is absent or at least highly
reduced (137), and additional apomorphic
character states (14: 0, 40: 2, 86: 0, 203: 0).
The Atomosiini sensu previous authors are

r

Fig. 121. Summary of relationships of tribal taxa based on strict consensus topology of figure 119 and
phylogenetic placement of the two oldest fossil Asilidae. Clade names as in figure 120.
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TABLE 6
Revised classification of Asilidae and list of recognized family-group taxa.

Placement of genera in each taxon is based on the present phylogenetic hypothesis

Subfamily taxon: Tribal taxon Genera

Asilinae: Apocleini Apoclea Macquart, 1838, Megaphorus Bigot, 1857, Philodicus Loew, 1847, Promachus

Loew, 1848

Asilinae: Asilini Asilus Linnaeus, 1758

Asilinae: Lycomyini Lycomya Bigot, 1857

Asilinae: Machimini Machimus Loew, 1849

Asilinae: Neomochtherini Afromochtherus Lehr, 1996, Neomochtherus Osten-Sacken, 1878

Asilinae: Philonicini Philonicus Loew, 1849

Asilinae: unplaced Blepharotes Duncan, 1840, Clephydroneura Becker, 1925, Colepia Daniels, 1987,

Congomochtherus Oldroyd, 1970, Dasophrys Loew, 1858, Dysmachus Loew, 1860,

Eichoichemus Bigot, 1857, Heligmonevra Bigot, 1858, Lochmorhynchus Engel, 1930,

Myaptex Hull, 1962, Neoitamus Osten-Sacken, 1878, Neolophonotus Engel, 1925 (see

Londt (2004) for synonymy of genus), Nomomyia Artigas, 1970, Pogonioefferia

Artigas and Papavero, 1997, Proctacanthus Macquart, 1838, Satanas Jacobson, 1908,

Threnia Schiner, 1868, Tolmerus Loew, 1849, Zosteria Daniels, 1987

Bathypogoninae Bathypogon Loew, 1851

Brachyrhopalinae:

Brachyrhopalini

Austrosaropogon Hardy, 1934, Brachyrhopala Macquart, 1847, Cabasa Walker, 1851

Brachyrhopalinae: Ceraturgini Ceraturgus Wiedemann, 1824, Nannocyrtopogon Wilcox and Martin, 1936

Brachyrhopalinae:

Chrysopogonini

Chrysopogon von Röder, 1881, Codula Macquart, 1850

Brachyrhopalinae: Cyrtopogonini Afroholopogon Londt, 1994, Cyrtopogon Loew, 1847, Dasycyrton Philippi, 1865

Brachyrhopalinae: unplaced Cophura Osten-Sacken, 1887, Heteropogon Loew, 1847, Holopogon Loew, 1847,

Leptarthrus Stephens, 1829, Metapogon Coquillett, 1904, Nicocles Jaennicke, 1867,

Rhabdogaster Loew, 1858

Dasypogoninae: Blepharepiini Blepharepium Rondani, 1848

Dasypogoninae: Dasypogonini Dasypogon Meigen, 1803

Dasypogoninae: Lastauracini Neodiogmites Carrera, 1949

Dasypogoninae: Megapodini:

Cyrtophryina

Cyrtophrys Loew, 1851, Deromyia Philippi, 1865

Dasypogoninae: Megapodini:

Lagodiina

Pegesimallus Loew, 1858

Dasypogoninae: Megapodini:

Megapodina

Megapoda Macquart, 1834, Pseudorus Walker, 1851

Dasypogoninae: Megapodini:

Senobasina

Senobasis Macquart, 1838

Dasypogoninae: Molobratiini Molobratia Hull, 1958

Dasypogoninae: Saropogonini Saropogon Loew, 1847

Dasypogoninae: Thereutriini Thereutria Loew, 1851

Dasypogoninae: unplaced Archilestris Loew, 1874, Diogmites Loew, 1866, Lestomyia Williston, 1884

Dioctriinae: Dioctriini Dioctria Meigen, 1803, Eudioctria Wilcox and Martin, 1941, Nannodioctria Wilcox

and Martin, 1942

Dioctriinae: Echthodopini Echthodopa Loew, 1866

Dioctriinae: unplaced Broticosia Hull, 1957, Dicolonus Loew, 1866, Myelaphus Bigot, 1882

Laphriinae: Andrenosomatini Andrenosoma Rondani, 1865, Dasyllis Loew, 1851, Hyperechia Schiner, 1866, Pilica

Curran, 1931, Proagonistes Loew, 1858

Laphriinae: Atomosiini Aphestia Schiner, 1866, Atomosia Macquart, 1838, Cerotainia Schiner, 1868,

Goneccalypsis Hermann, 1912, Loewinella Hermann, 1912, Orthogonis Hermann,

1914, Smeryngolaphria Hermann, 1912

Laphriinae: Ctenotini Lamyra Loew, 1851, Stiphrolamyra Engel, 1928

Laphriinae: Hoplistomerini Hoplistomerus Macquart, 1838, Trichardis Hermann, 1906

Laphriinae: Laphriini Choerades Walker, 1851, Lampria Macquart, 1838, Laphria Meigen, 1803, Maira

Schiner, 1866
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characterized by an autapomorphy, i.e.,
anatergal setae are formed by short and stout
macrosetae (82), and additional apomorphic
character states (23: 2, 25: 1, 95: 1, 100: 0,
102: 3, 109: 1, 141: 0, 151: 1, 170: 0, 193: 1,
215: 0, 219: 0). The clade Goneccalypsis +
Loewinella is characterized by three autapo-
morphies, i.e., two short, stout, erect macro-
setae are present on the anterior mesonotum
(87), females and males possess medial setae
on T7 (165, 191), and additional apomorphic
character states (50: 1, 70: 0, 130: 2, 184: 1).
The clade Aphestia + (Atomosia + Cerotainia)
possesses two autapomorphies, i.e., costa
terminates at M2 (140; fig. 77), females with
segment 7 distinctly shortened (166), and
additional apomorphic character states (167:
1, 199: 1). Aphestia is characterized by a
single autapomorphy, i.e., fringe of parallel
setae is only present on metathoracic tibiae
(118). The clade Atomosia + Cerotainia
possesses two autapomorphies, i.e., T6 is
cup-shaped and the last visible tergite con-
ceals the remaining tergites (158), male T7–8
and S7–8 are reduced to ring of sclerites

(193), and additional apomorphic character
states (83: 1, 130: 1, 162: 0, 163: 0, 206: 1).

1.3. HOPLISTOMERINI ENDERLEIN, 1936.
Type genus Hoplistomerus Macquart,

1838. Genera included: Hoplistomerus, Tri-
chardis. Autapomorphies: None. Additional
apomorphic character states: Macrosetae and
setae on the postpronotum (73), postsutural
dorsocentral setae absent (94), scutal setae
possess a large socket (95), short and stout
cone-shaped macrosetae present on metatho-
racic femora (116), R2+3 apex arching sharply
anteriorly in 90u angle (142; fig. 73), abdom-
inal tergites indented and setae possess large
sockets (151). Trichardis is assigned to this
taxon for the first time.

1.4. LAPHRIINI MACQUART, 1838.
Genera included: Choerades, Lampria,

Laphria, Maira. Autapomorphies: Face with
circular and dorsoventrally flattened setae
laterally in males and females (45), medial
setae on posterior scutum present, appressed
to surface and directed posteriorly (96).
Additional apomorphic character states: Pre-
mentum laterally compressed proximally (18;

Subfamily taxon: Tribal taxon Genera

Laphriinae: Laphystiini Laphystia Loew, 1847

Laphriinae: unplaced Laxenecera Macquart, 1838, Nusa Walker, 1851, Perasis Hermann, 1906, Protometer

Artigas, Papavero, and Costa 1995, Psilocurus Loew, 1874, Zabrops Hull, 1957

Leptogastrinae: Acronychini Acronyches Williston, 1908

Leptogastrinae: Leptogastrini Beameromyia Martin, 1957, Euscelidia Westwood, 1850, Lasiocnemus (Loew, 1851),

Leptogaster Meigen, 1803, Tipulogaster Cockerell, 1913

Ommatiinae Afroestricus Scarbrough, 2005, Cophinopoda Hull, 1958, Emphysomera Schiner, 1866,

Michotamia Macquart, 1838, Ommatius Wiedemann, 1821

Phellinae Obelophorus Schiner, 1868, Phellus Walker, 1851

Stenopogoninae: Enigmomorphini Connomyia Londt, 1992, Creolestes Hull, 1962, Daspletis Loew, 1859, Microstylum

Macquart, 1838, Prolepsis Walker, 1851

Stenopogoninae: Plesiommatini Plesiomma Macquart, 1838

Stenopogoninae: Stenopogonini Gonioscelis Schiner, 1866, Ospriocerus Loew, 1866, Scleropogon Loew, 1866,

Stenopogon Loew, 1847

Stenopogoninae: unplaced Ancylorhynchus Berthold, 1827, Scylaticus Loew, 1858

Stichopogoninae: Stichopogonini Lissoteles Bezzi, 1910, Stichopogon Loew, 1847

Stichopogoninae: unplaced Lasiopogon Loew, 1847, Townsendia Williston, 1895

Tillobromatinae Hypenetes Loew, 1858, Lycostommyia Oldroyd, 1980, Tillobroma (Hull, 1962)

Trigonomiminae: Trigonomimini Holcocephala Jaennicke, 1867, Rhipidocephala Hermann, 1926, Trigonomima

Enderlein, 1914

Trigonomiminae: Xenomyzini Damalis Fabricius, 1805

Willistonininae Ablautus Loew, 1866, Acnephalum Macquart, 1838, Sisyrnodytes Loew, 1856,

Trichoura Londt, 1994, Willistonina Back, 1909

incertae sedis Coleomyia Wilcox and Martin, 1935, Oligopogon Loew, 1847

TABLE 6
(Continued)
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fig. 32), pharyngeal pump with entirely scler-
otized ring (40; fig. 48), antennal insertion
elevated above eye margin with distinct
protuberance (53). In addition to the genera
listed above, Laxenecera and Nusa were
regarded to belong to Laphriini by previous
authors. These two genera do not group with
other genera of Laphriini and render it non-
monophyletic. Therefore, they are excluded
from the easily diagnosed Laphriini with
dorsoventrally flattened setae on the face and
appressed setae on the posterior scutum.

1.5. CTENOTINI HULL, 1962.
Type genus Ctenota Loew, 1873. Genera

included: Lamyra, Stiphrolamyra. Autapo-
morphies: Posterior margin of postgenae
with large flangelike projection (47). Addi-
tional apomorphic character states: Dorso-
posterior margin of cibarium simple, no
particular ridge connecting cornua developed
(35), presutural dorsocentral setae absent
(92), macrosetae and setae present on median
metathoracic trochanter (114), metathoracic
tibiae straight (119), tip of claws blunt (126),
male abdominal segments 1–6 well devel-
oped, T7–8 and S7 reduced while S8 is well
developed (193). Ctenotini is recovered as
monophyletic and contains the same taxa as
previously postulated.

1.6. ANDRENOSOMATINI HULL, 1962.
Type genus Andrenosoma Rondani, 1856.

Genera included: Andrenosoma, Dasyllis,
Hyperechia, Pilica, Proagonistes. Autapo-
morphies: Female T10 is divided into two
heavily sclerotized sclerites that are far apart
(172; fig. 88). Additional apomorphic char-
acter states: Distal maxillary palpomere
laterally compressed and leaflike (13), pre-
mentum of labium dorsoventrally flattened
(18), apex of labella of labium pointed (24),
female with median sclerite at posterior end
of furca (183), female with long platelike
apodeme on furca (185), male with epan-
drium and gonocoxites entirely free (203).
Andrenosomatini is recovered as monophy-
letic and contains the same taxa as previously
postulated. The relationship among the
genera, however, is not resolved. Fisher
(1986) presented a comprehensive phyloge-
netic study of Andrenosomatini.

Unplaced genera: Laxenecera, Nusa, Pera-
sis, Protometer, Psilocurus, Zabrops. These
genera cannot be assigned to any available

family-group taxon and their phylogenetic
relationship must be evaluated using a denser
taxon sampling within Laphriinae.

Non-monophyletic taxa: Dasytrichini
Lynch Arribalzaga, 1882. Representatives of
this taxon are now included in Atomosiini
with which they have been previously asso-
ciated by Hermann (1912).

Phylogenetic relationships among Laphrii-
nae: The genera Perasis, Zabrops, Proto-
meter, Psilocurus, Laphystia, Hoplistomerus,
and Trichardis, which have been previously
assigned to the Laphystiinae, form a grade of
less inclusive sister taxa that are more closely
related to the Laphriinae sensu stricto.
Perasis transvaalensis is the sister taxon to
the remaining Laphriinae, which possess two
autapomorphies, i.e., females and males with
medial setae on T2 (160, 186), and additional
apomorphic character states (54: 2, 69: 1,
180: 2, 195: 1, 204: 0, 212: 1, 213: 2, 219: 1).
Laphriinae except Perasis transvaalensis and
Zabrops tagax possess four autapomorphies,
i.e., females and males with medial setae on
T3–4 (161, 162, 187, 188), and additional
apomorphic character states (62: 1, 102: 1,
161: 2, 164: 2). The four speciose taxa
Atomosiini, Laphriini, Ctenotini, and Andre-
nosomatini form a clade characterized by
these apomorphic character states: 4: 2, 24: 2,
88: 1, 134: 0, 140: 0, 202: 1. Laphriini,
Ctenotini, and Andrenosomatini form a
clade (21: 1, 23: 2, 25: 1, 200: 1) and lastly
Ctenotini and Andrenosomatini are sister
taxa delimited by the following apomorphic
character states: 28: 1, 49: 1.

2. OMMATIINAE

Ommatiinae Hardy, 1927. Type genus Ommatius
Wiedemann, 1821. Species represented: 7. Fig-
ures 120–121, 123.

Autapomorphies: Setae on anterior surface
of antennal stylus (59). Additional apo-
morphic character states: At least some
median ommatidia larger than surrounding
ones (46), postpedicel short and medially
broadest (54; fig. 52), postmetacoxal area
entirely sclerotized (102). The Ommatiinae
has been considered to be a monophyletic
taxon that is usually associated with the
Asilinae or Apocleinae sensu previous au-
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thors (e.g., Karl, 1959; Hull, 1962; Lehr,
1969, 1996; Papavero, 1973a; Bybee et al.,
2004). In the present analysis, the included
genera Afroestricus, Cophinopoda, Emphy-
somera, Michotamia, and Ommatius form a
polytomy in the strict consensus hypothesis
(fig. 119) and the genus Ommatius is para-
phyletic with respect to Afroestricus chiasto-
neurus. Afroestricus has only recently been
described for 20 Afrotropical species previ-
ously assigned to Ommatius by Scarbrough
(2005) and Afroestricus chiastoneurus is the
sister group to Ommatius tibialis (Nearctic),
but phylogenetically unrelated to Ommatius
incurvatus (Neotropical). The genus Emphy-
somera is monophyletic and characterized by
a number of apomorphic character states (7:
3, 67: 1, 74: 1, 92: 1, 121: 0, 206: 1). The
inclusion of more Ommatius species in future
studies will help to clarify the monophyly of
this worldwide, speciose genus.

3. ASILINAE

Asilinae Latreille, 1802. Type genus Asilus Lin-
naeus, 1758. Species represented: 32. Fig-
ures 120–121, 123.

Autapomorphies: None. Additional apo-
morphic character states: Macrosetae on
lateral margin of frons present (49), proster-
num and proepisternum separated and pros-
ternum triangular and pointed dorsally (74;
fig. 68), female S8 proximally platelike and
distally hypogynial valves forming a keel (170;
figs. 90, 95), male gonocoxites entirely free
(202; fig. 113). The strict consensus topology
in figure 119 illustrates the unresolved rela-
tionships among Asilinae genera including the
Apocleinae sensu previous authors. This high-
lights the fact that the characters employed
here cannot group the morphologically very
similar species into less inclusive taxa. The
addition of additional features, additional
taxa, and other data, for example DNA
sequence data, will be necessary to postulate
a well-corroborated phylogenetic hypothesis
for Asilinae species. The monophyly of Asili-
nae is, however, corroborated and has never
been questioned before by previous authors.

3.1. ASILINI LATREILLE, 1802.
Genera included: Asilus. Autapomorphies:

None. Additional apomorphic character

states: Maxillary stipites fused entirely medi-
ally (14; fig. 34), female T2–3 without mar-
ginal setae (160, 161), male T2–5 without
marginal setae (186, 187, 188, 189). In the
present analysis, only the single genus Asilus
is placed in the Asilini as Satanas does not
group with Asilus.

3.2. APOCLEINI PAPAVERO, 1973A NEW STA-

TUS.
Type genus Apoclea Macquart, 1838.

Genera included: Apoclea, Megaphorus, Phi-
lodicus, Promachus. Autapomorphies: None.
Additional apomorphic character states: Fa-
cial swelling extending over lower facial half
(4), postmetacoxal bridge partly developed
laterally, but membraneous medially (102),
stump vein on R4 present and reaching base
of R2+3 (146; figs. 74, 80), female with
median sclerite at posterior end of furca
(183), male gonocoxal apodeme long and
extending well into abdominal segment 8
(204; fig. 113). The Apocleini is the remnant
of the Apocleinae sensu Artigas and Papa-
vero (1988) and Geller-Grimm (2004). How-
ever, Artigas and Papavero (1997) combined
the Asilinae and Apocleinae and the place-
ment of Apocleini within Asilinae is corrob-
orated here. Megaphorus is the sister taxon to
the remaining Apocleini, which are charac-
terized by the following apomorphic charac-
ter states: 7: 1, 85: 2, 177: 1, 179: 0, 186: 1,
187: 1, 188: 1, 189: 1. Apoclea and Philodicus
form a clade supported by these apomorphic
character states: 92: 0, 168: 2, 174: 2, 178: 0,
209: 1, 218: 0.

3.3. LYCOMYINI LYNCH ARRIBALZAGA, 1882.
Type genus Lycomya Bigot, 1857. Genera

included: Lycomya. Autapomorphies: None.
Additional apomorphic character states: Fa-
cial swelling extending over lower half of face
(4), prementum of labium dorsoventrally
flattened (18), stylus composed of two
elements (58), anatergal setae present (82),
postmetacoxal bridge partly developed later-
ally, but membraneous medially (102), seti-
form empodium reduced in length (127),
microtrichia on posterior margin of wing
arranged in two divergent planes (141), T2
longer than wide, but less than twice as long
(153), male subepandrial sclerite with protu-
berances medially (208). Lycomyini has been
described for the single Chilean genus Lyco-
mya by Lynch Arribalzaga (1882).
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3.4. MACHIMINI LEHR, 1996.
Type genus Machimus Loew, 1849. Genera

included: Machimus. This taxon is apparently
non-monophyletic as the two included spe-
cies of Machimus do not form a clade. In
light of the unresolved relationships within
the Asilinae, no comments on the monophyly
of the genus or the taxon can be made.

3.5. NEOMOCHTHERINI LEHR, 1996.
Type genus Neomochtherus Osten-Sacken,

1887. Genera included: Afromochtherus, Neo-
mochtherus. Autapomorphies: None. Addi-
tional apomorphic character states: Setae on
posterior basalare absent (81), female T8
with posteriorly directed setae (168). Neo-
mochtherini has been described by Lehr
(1996) to also include Dysmachus, but this
genus is part of the Asilinae genera that
cannot be placed in any higher-level taxon.

3.6. PHILONICINI LEHR, 1996.
Type genus Philonicus Loew, 1849. Genera

included: Philonicus. Autapomorphies: None.
Additional apomorphic character states: Mi-
crotrichia on posterior margin of wing
arranged in two divergent planes (141),
female T5 without any marginal setae (163),
female with spurs on cerci (174; fig. 95).
Philonicini has been described by Lehr (1996)
based on the single genus Philonicus.

Unplaced genera: Blepharotes, Clephydro-
neura, Colepia, Congomochtherus, Dasophrys,
Dysmachus, Eichoichemus, Heligmonevra,
Lochmorhynchus, Machimus, Myaptex, Neoi-
tamus, Neolophonotus, Nomomyia, Pogo-
nioefferia, Proctacanthus, Satanas, Threnia,
Tolmerus, Zosteria. Although Colepia, Neoi-
tamus, and Threnia form a monophyletic
clade characterized by apomorphic character
states—macrosetae on lateral margin of frons
(dorsal to antennal insertion) absent (49) and
female with spermathecal duct long and
extending beyond the tip of furca (177)—no
new name is proposed because of the poor
resolution of relationships within Asilinae
genera and the possibility that this group
might not be monophyletic once new char-
acters or taxa are added.

4. BATHYPOGONINAE, NEW STATUS

Bathypogoninae Artigas and Papavero, 1991.
Type genus Bathypogon Loew, 1851. Species
represented: 1. Figures 120–121, 124.

Autapomorphies: None. Additional apo-
morphic character states: Macrosetae on
lateral margin of frons present (49), anterior
anepisternal setae absent (78), protuberance
on anterior metathoracic coxae present and
blunt distally (113), R2+3 arching anteriorly in
about 90u angle (142), R4 strongly sinuate
(144), male with large cylindrical lateral
ejaculatory process (213). The Bathypogonini
has been described by Artigas and Papavero
(1991) as a taxon within their Stenopogoni-
nae based on the Australian genus Bath-
ypogon and on Carebaricus Artigas and
Papavero, 1991, from Chile and Argentina.
The single included species from Australia
representing this taxon, Bathypogon nigrinus,
does not group with any other Stenopogoni-
nae sensu previous authors and therefore is
recognized here as a separate taxon. Bath-
ypogoninae is the sister group to the large
clade D, which highlights its morphological
distinctness. Carebaricus is not included in
the present analysis and it cannot be con-
firmed whether it groups with Bathypogon.
Extant representatives of Bathypogoninae
are known only from Argentina, Australia,
and Chile (Hennig, 1960; Artigas and Papa-
vero, 1991).

5. PHELLINAE, NEW STATUS

Phellinae Hardy, 1926. Type genus Phellus Walker,
1851. Species represented: 2. Figures 120–121,
124.

Autapomorphies: None. Additional apo-
morphic character states: Maxillae (in lateral
view) proximally high and distal tip narrower
(28; fig. 38), ocellar setae formed by regular
setae (no macrosetae) (63), postocular setae
formed by regular setae (no macrosetae) (66),
three or more notopleural setae present (88),
stump vein on R4 (not reaching R2+3) (146;
fig. 79), M2 and m-m aligned in a line from
distal to proximal (nearly parallel to posteri-
or wing margin) (150; fig. 81), female with
7th and following segments comprising ovi-
positor (167), female S8 of ovipositor keellike
throughout (170; fig. 90), male ejaculatory
apodeme triangular in anterior view (two
lateral and one dorsal surface) (220; fig. 117).
The taxon Phellini was described by Hardy
(1926) to include the three Australian genera
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Bathypogon, Phellus, and Psilozona Ricardo,
1912. Hull (1962) transferred the Chilean
genus Obelophorus into Phellini and Artigas
and Papavero (1991) transferred Bathypogon
to the newly described Bathypogonini. The
two included genera Obelophorus and Phellus
form a clade supported by a number of
apomorphic character states and are recog-
nized here as a separate taxon that is the sister
taxon to clade E. This taxon is biogeographi-
cally interesting as the extant representatives
are found only in Australia and Chile.

6. TILLOBROMATINAE, NEW STATUS

Tillobromatinae Artigas and Papavero, 1991. Type
genus Tillobroma (Hull, 1962). Species repre-
sented: 3. Figures 120–121, 124.

Autapomorphies: None. Additional apo-
morphic character states: Maxillary stipites
fused medially, but with V-shaped indenta-
tion (14), female spermathecal reservoir
formed by more or less expanded and coiled
ducts (180). The taxon Tillobromatini was
described by Artigas and Papavero (1991) for
the distinct New World genera Coleomyia,
Euthrixius Artigas, 1971, Grajahua Artigas
and Papavero, 1991, Scylaticina Artigas and
Papavero, 1991, Scylaticodes Artigas and
Papavero, 1991, Tillobroma, and Zabrotica
Hull, 1958. Tillobroma was described by Hull
(1962) as a subgenus of the South African
genus Hypenetes highlighting the morpho-
logical similarity between these flies from
different continents. Artigas et al. (2005)
based a divergence time estimate of 180
Million years on the assumption of a sister-
group relationship between Hypenetes and
Tillobroma, which is not supported by the
present analysis. Hypenetes and another
South African genus, Lycostommyia, form a
clade supported by a number of apomorphic
character states (23: 2, 46: 0, 74: 2, 121: 0,
206: 1) and these two genera together form
the sister group to Tillobroma. The western
North American genus Coleomyia is not
recovered within Tillobromatini and is here
placed as incertae sedis (see below). As the
genera Hypenetes, Lycostommyia, and Tillo-
broma form a clade distinct from other
Dasypogoninae and Stenopogoninae, they
are recognized here as a separate taxon. This

taxon is biogeographically interesting, as the
extant representatives are restricted to south-
ern Africa and South America.

7. DASYPOGONINAE

Dasypogoninae Macquart, 1838. Type genus
Dasypogon Meigen, 1803. Species represented:
16. Figures 120–121, 124.

Autapomorphies: None. Additional apo-
morphic character states: Maxillae proximal-
ly high and distal tip distinctly narrower (28;
fig. 38), pharyngeal pump laterally with
sclerotized ring, but medio-anteriorly un-
sclerotized (40; fig. 49), setae on dorsal
postpedicel present (55), more than two
macrosetae on median occipital sclerite pre-
sent (65), large spine originating anteroven-
trally on prothoracic tibiae (106; figs. 70–71).
The Dasypogoninae sensu previous authors
has been suspected to be non-monophyletic.
However, the Dasypogon-like robber flies
recognized here within this taxon represent
genera that have always been believed to
form a monophyletic clade. The large spine
on the prothoracic tibiae has been used as a
diagnostic character for this group (e.g.,
Hull, 1962; Papavero, 1973a). Based on the
phylogenetic hypothesis derived here this
spine has been independently derived at least
once in the Australian Brachyrhopalini and
Chrysopogonini (Brachyrhopalinae). The
spine has been reduced at least once within
Dasypogoninae in Archilestris magnificus.
Only Thereutria possesses a small S-shaped
spur on the prothoracic tibiae, which is
independently derived in Cophura, Leptar-
thrus, and Nicocles (all Brachyrhopalinae).
Eleven subordinate taxa have been proposed
to divide the Dasypogoninae by previous
authors and with the exception of Archilaph-
riinae, all are included in the present analysis
although some of them are only represented
by a single species. Of these available and
valid family-group taxa, eight are here
recognized within Dasypogoninae (see be-
low) and Brachyrhopalini and Chrysopogo-
nini are transferred to the newly erected
Brachyrhopalinae.

7.1. DASYPOGONINI MACQUART, 1838.
Genera included: Dasypogon. Autapomor-

phies: None. Apomorphic character states:
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All ommatidia of same size (46), postpedicel
cylindrical with same diameter throughout
(54), regular setae form postpronotal setae
(no macrosetae) (73), medial setae on poste-
rior scutum absent (96), cell m3 closed (135;
fig. 82), cell cup closed (136; fig. 82), micro-
trichia on posterior wing margin arranged in
two divergent planes (141), female anterior
T8 simple, no apodeme present (169), female
S8 platelike with hypogynial valves separat-
ed and surrounded by membrane (170), male
gonocoxal apodeme absent (204), male
gonostyli positioned medially on gonocox-
ites (206), male subepandrial sclerite with
distal projections (209). Of the included
species here, Lestomyia fraudiger and Aus-
trosaropogon nigrinus are classified as Dasy-
pogonini by Hull (1962) and Papavero
(1973b). Lestomyia groups with other Dasy-
pogoninae, but not with Dasypogon itself and
is excluded here from this taxon. The
Australian genus Austrosaropogon groups
with other Australian genera in Brachyrho-
palinae (see below).

7.2. SAROPOGONINI HARDY, 1926.
Type genus Saropogon Loew, 1847. Gen-

era included: Saropogon. Autapomorphies:
None. Apomorphic character states: Macro-
setae on dorsal frons (dorsal to antennal
insertion) present (49), female spermathecal
reservoir formed by more or less expanded
and coiled ducts (180), male subepandrial
plate with lateral protuberances (211). The
Saropogonini was originally described by
Hardy (1926) for the Australian genera
Rachiopogon Ricardo, 1912, Erythropogon
White, 1914, Questopogon Dakin and Ford-
ham, 1922, and Neosaropogon Ricardo, 1912,
and the more widespread genera Saropogon,
Stenopogon, and Clinopogon Bezzi, 1910.
Oldroyd (1974a, 1974b) used the taxon for
a large number of genera, but it is restricted
here to the single genus Saropogon.

7.3. THEREUTRIINI HULL, 1962.
Type genus Thereutria Loew, 1851. Genera

included: Thereutria. Autapomorphies:
None. Apomorphic character states: Ocellar
setae formed by regular setae (no macrosetae)
(62), two notopleural setae present (88),
presutural dorsocentral setae present (92),
prothoracic tibiae with small S-shaped spur,
which originates on posteroventral surface
(106), regular setae on median metathoracic

trochanter (no macrosetae) (114), cell r1

closed, R1 and R2+3 as stalk vein present
(131), female S8 platelike and hypogynial
valves separated and surrounded by mem-
brane (170), male hypopygium not rotated
(195), male gonocoxites and hypandrium
fused (202). The Thereutriini was described
by Hull (1962) to accommodate the Austra-
lian genera Metalaphria Ricardo, 1912, and
Thereutria.

7.4. LASTAURACINI PAPAVERO, 1973b.
Type genus Lastaurax Carrera, 1949.

Genera included: Neodiogmites. Autapomor-
phies: None. Apomorphic character states:
Presutural dorsocentral setae present (92).
The Lastauracini was described by Papavero
(1973b) for 10 Neotropical genera and
Diogmites, which is distributed in the Nearc-
tic and Neotropical regions. The original type
genus is Lastaurax Carrera, 1949, but this
genus has been synonymized with Neodiog-
mites by Artigas and Papavero (1988), which
is now the type genus of this family group.
Diogmites does not group with Neodiogmites
in the present analysis and therefore the
Lastauracini is restricted here to the single
included genus Neodiogmites.

7.5. BLEPHAREPIINI PAPAVERO, 1973b.
Type genus Blepharepium Rondani, 1848.

Genera included: Blepharepium. Autapomor-
phies: None. Apomorphic character states:
Maxillary palpus one-segmented (11), ventral
margin of postmentum of labium with
median groove in distal part (19), prosternum
and proepisternum fused and prosternum
narrow above coxa (74; fig. 67), ventral
metathoracic femora lacking macrosetae
(116), metathoracic tibiae arched medially
(119), crossvein r-m in distal half of discal cell
(138), female spermathecae occupying more
than posterior three abdominal segments
(182), female furcal apodeme developed as
short platelike apodeme (185), male S8
reduced, all other tergites and sternites well
developed (193), male gonostyli positioned
medially on gonocoxites (206), male ejacula-
tory apodeme triangular in anterior view
(two lateral and one dorsal surface) (220).
The Blepharepiini was described by Papavero
(1973b) for the single Neotropical genus
Blepharepium and the present analysis sup-
ports its morphological distinctness as no
other genus groups with Blepharepium.
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7.6. MOLOBRATIINI LEHR, 1999.
Type genus Molobratia Hull, 1958. Genera

included: Molobratia. Autapomorphies:
None. Additional apomorphic character
states: Mystax extending over lower facial
half (7), ventral margin of postmentum of
labium entirely smooth (19), anterior omma-
tidia all same size (46), macrosetae on lateral
margin of frons (dorsal to antennal insertion)
present (49), apical ‘‘seta-like’’ sensory ele-
ment situated apically on stylus (57), stylus
composed of one element (58), postsutural
dorsocentral setae absent (94), cell m3 open
(135), female T8 anteriorly lacking apodeme
(169), female S8 platelike and slightly emar-
ginate mediodistally (170), female without
spurs on ovipositor (174), female spermathe-
cal reservoir formed by more or less expand-
ed and coiled ducts (180), male sperm sac
appearing weakly sclerotized (218). Hull
(1962) placed Molobratia in his Dasypogoni-
nae: Dioctriini. The Molobratiini was de-
scribed by Lehr (1999) originally in Dasypo-
goninae, but has been grouped in Dioctriinae
based on the lack of acanthophorite spurs on
the ovipositor and the shape of S8 by the
same author (Lehr, 2001). The placement of
Molobratia within Dioctriinae is not support-
ed in the present study as it is positioned
deeply within Dasypogoninae.

7.7. MEGAPODINI CARRERA, 1949.
Type genus Megapoda Macquart, 1834.

Genera included: Cyrtophrys, Deromyia,
Megapoda, Pegesimallus, Pseudorus, Senoba-
sis. Autapomorphies: Two distinct macrose-
tae on median occipital sclerite (65; fig. 51).
Additional apomorphic character states:
Regular setae form ocellar setae (62), regular
setae form antepronotum setae (69), one
notopleural seta present (88), only regular
setae on lateral metathoracic coxae (no
macrosetae) (112), male epandrium and
hypandrium at least partially fused (201).
Megapodini was described by Carrera (1949),
and Hull (1962) later labeled it as a separate
subfamily taxon. This taxon has been exten-
sively reviewed by Papavero (1975), who also
provided a diagram of relationships of the
included genera. Although his analysis is not
phylogenetic, i.e., no distinction between
apomorphic and plesiomorphic character
states is made, a character matrix was
provided and is re-analysed here (appendix

2). Figure 127 illustrates Papavero’s hypoth-
esis of relationships and figure 128 shows the
result of the parsimony re-analysis, which
results in three equally most parsimonious
trees of 33 steps length (CI 5 0.78; RI 5
0.75) and a strict consensus topology of 35
steps (CI 5 0.74; RI 5 0.68). Megapoda,
Pronomopsis Hermann, 1912, and Pseudorus
form a clade in both diagrams, but the
relationship between Cyrtophrys, Deromyia,
Pegesimallus, and Senobasis is unresolved in
the re-analysis. Lagodias Loew, 1858, has
been synonymized with Pegesimallus by
Londt (1980). Similar results to the re-
analysis of Papavero’s data are also found
in the present analysis in that Cyrtophrys and

Figs. 127–128. Phylogenetic relationships with-
in Megapodini. 127. Original hypothesis proposed
by Papavero (1975). 128. Phylogenetic re-analysis
based on the characters of table 2 in Papavero
(1975) summarized in appendix 2. The analysis in
TNT results in three equally most parsimonious
trees (length 5 33; CI 5 0.78; RI 5 0.75) and
shown is strict consensus of these three trees
(length 5 35; CI 5 0.74; RI 5 0.68). An outgroup
was coded with state 0 for all characters to root the
cladogram and is omitted here.
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Deromyia form a clade (Cyrtophryina),
Megapoda and Pseudorus form a clade
(Megapodina), and all four taxa, including
Pegesimallus (Lagodiina) and Senobasis (Se-
nobasina), are unresolved in a polytomy.

7.7.1. MEGAPODINA CARRERA, 1949.
Genera included: Megapoda, Pseudorus.

Autapomorphies: None. Additional apo-
morphic character states: Pharyngeal pump
with entire sclerotized ring (40), anatergal
setae absent (82), only regular setae on
posterior meron and metanepisternum (85),
setae on superoposterior anepimeron present
(86), metkatepisternum large and visible
between mesothoracic and metathoracic cox-
ae in ventral view (100), prothoracic and
mesothoracic coxae distinctly oriented poste-
riorly (109), only one dorsal longitudinal
ridge on pulvilli (124), cell r1 closed, R1 and
R2+3 as stalk vein present (131), R4 terminat-
ing anterior to wing apex (143), male
hypandrium well developed and rectangular
or square in shape (199), male gonostyli
positioned medially on gonocoxites (206),
male dorsal aedeagal sheath long so that
sperm sac is entirely enclosed (215).

7.7.2. CYRTOPHRYINA PAPAVERO, 1975.
Type genus Cyrtophrys Loew, 1851. Gen-

era included: Cyrtophrys, Deromyia. Autapo-
morphies: None. Additional apomorphic
character states: Lower facial margin slightly
developed (4), pharyngeal pump with entire
sclerotized ring (40), ventral metathoracic
femora only setose, no macrosetae present
(116), metathoracic tibiae arched medially
(119), setiform empodium well developed (as
long as claws) (127), alula reduced to small
lobe (130), microtrichia on posterior wing
margin arranged in two divergent planes
(140). Papavero (1975) erected the taxon
Cyrtophryina within his Megapodini for the
two Neotropical genera, Cyrtophrys and
Deromyia. The monophyly of this taxon is
here corroborated.

7.7.3. LAGODIINA PAPAVERO, 1975.
Type genus Lagodias Loew, 1858 5

Pegesimallus Loew, 1858. Genera included:
Pegesimallus. Autapomorphies: None. Apo-
morphic character states: Mystax extending
over lower facial half (7), setae on dorsal
postpedicel absent (55), apical ‘‘seta-like’’
sensory element situated apically in cavity
on stylus (57), stylus composed of one

element (58), postsutural dorsocentral setae
absent (94), metathoracic trochanter with
macrosetae and setae medially (114), cell m3

open (135), R4 terminating posterior to wing
apex (143), female with setae on T8 directed
anteriorly (168), male with marginal setae on
T2 (186), male lacking gonocoxal apodeme
(204), male with cerci fused to a single sclerite
(212), male dorsal aedeagal sheath strongly
sclerotized, appearing entirely closed (217).
Pegesimallus is the type genus of Lagodiina
and the only representative as no other
Dasypogoninae genus groups with it.

7.7.4. SENOBASINA PAPAVERO, 1975.
Type genus Senobasis Macquart, 1838.

Genera included: Senobasis. Autapomor-
phies: None. Apomorphic character states:
Lower facial margin slightly developed (4),
two notopleural setae present (88), presutural
dorsocentral setae present (92), only regular
setae on metathoracic femora ventrally (no
macrosetae) (116), metathoracic tibiae arched
medially (119), setiform empodium well
developed and as long as claws (127), dorsal
surface of T2 smooth, without protuberances
(154), female T10 composed of a single
sclerite and entirely fused to T9 so that they
are indistinguishable (172, 173), female sper-
mathecal reservoir heavily sclerotized (181),
male lateral ejaculatory process present and
large cylindrical sclerite (213), male sperm sac
appearing weakly sclerotized (218).

Unplaced genera: Archilestris, Diogmites,
and Lestomyia. Archilestris, lacking a pro-
thoracic tibial spine, is grouped within
Stenopogoninae: Enigmomorphini by Arti-
gas and Papavero (1991) and is here trans-
ferred to the Dasypogoninae, Diogmites is
considered to be a Lastauracini (see above),
and Lestomyia has been grouped within
Dasypogonini by Papavero (1973b) (see
above).

Phylogenetic relationships within Dasypo-
goninae: Lestomyia is the sister group to the
remaining Dasypogoninae, which are char-
acterized by the following apomorphic char-
acter states: 4: 4, 19: 2, 88: 3, 92: 0, 168: 1,
180: 1. The taxa Dasypogonini, Saropogo-
nini, Thereutriini, Lastauracini and Diog-
mites, Blepharepiini, Molobratiini, and
Megapodini form a grade of less inclusive
sister taxa. The separate clades are delimited
by a number of apomorphic character states,
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but no autapomorphies emerge from the
present analysis.

8. STENOPOGONINAE

Stenopogoninae Hull, 1962. Type genus Stenopo-
gon Loew, 1847. Species represented: 13. Fig-
ures 120–121, 124.

Autapomorphies: None. Additional apo-
morphic characters states: Facial swelling
and mystax extending over lower facial half
(4, 7), postmentum ventrally with median
groove in distal part (19), all ommatidia same
size (46), postpedicel cylindrical throughout
(54), setae on anteroventral prothoracic
tibiae absent (105), female spermathecal
reservoir formed by more or less expanded
and coiled ducts (180). Stenopogoninae sensu
previous authors has been suspected to be
non-monophyletic and used to be the largest
taxon of Asilidae containing 118 genera
(Geller-Grimm, 2004) of which 37 are in-
cluded in the present analysis. It was divided
into 10 subordinate taxa to accommodate
this diversity in a meaningful way by
previous authors. In the new delimitation of
Stenopogoninae, only three of the subordi-
nate taxa are recognized here and the
remaining taxa are either placed as a
higher-level taxon, i.e., Bathypogoninae,
Phellinae, Tillobromatinae, and Willistonini-
nae, or transferred to another higher-level
taxon, i.e., Acronychini to Leptogastrinae,
Ceraturgini and Cyrtopogonini to Brachyr-
hopalinae.

8.1. ENIGMOMORPHINI HULL, 1962.
Type genus Enigmomorphus Hermann,

1912. Genera included: Connomyia, Creo-
lestes, Daspletis, Microstylum, Prolepsis. Au-
tapomorphies: None. Additional apomorphic
character states: Maxillary stipites fused
medially, but V-shaped indentation present
(14), maxillae proximally high and distal tip
distinctly narrower (28), regular setae form
discal scutellar setae (99), female spermathe-
cae occupying at most three posterior seg-
ments (182). The Enigmomorphini was orig-
inally described by Hull (1962) to
accommodate the Neotropical genus Enig-
momorphus Hermann, 1912, and later ex-
panded by Artigas and Papavero (1991) to
include 14 genera. The New World genus

Archilestris is transferred to the Dasypogo-
ninae and the two Afrotropical genera
Connomyia and Daspletis are transferred here
to Enigmomorphini.

8.2. PLESIOMMATINI ARTIGAS AND PAPA-

VERO, 1991.
Type genus Plesiomma Macquart, 1838.

Genera included: Plesiomma. Autapomor-
phies: None. Additional apomorphic charac-
ter states: Vertex between compound eyes
sharply depressed (3), facial swelling extend-
ing over entire face (4), mystax restricted to
lower facial margin (7), dorsal flange medi-
ally on prementum absent (22), hypopharynx
seta-like spicules spaced far apart (33;
fig. 43), pharyngeal pump with entire sclero-
tized ring on lateral margin and circular in
shape (40, 41), anterior tentorial pits well
developed and conspicuous anteromedially
located (44), frons at antennal insertion
markedly approximating medially at level of
antennal insertion (48), regular setae on
lateral margin of frons dorsal to antennal
insertion (no macrosetae) (49), regular setae
forming postpronotum setae (no macrosetae)
(70), scutellum small and mesopostnotum
visible in dorsal view (97), apical scutellar
setae absent (98), regular setae forming
setation on ventral metathoracic femora
(116), T2 longer than wide, but less than
twice as long (153), female common sper-
mathecal duct long, extending beyond tip of
furca (177), male lateral ejaculatory process
present and formed by a large cylindrical
sclerite (213). The Plesiommatini was de-
scribed by Artigas and Papavero (1991) to
accommodate the three Neotropical genera
Cystoprosopa (Hull, 1962), Dapsilochaetus
(Hull, 1962), and Plesiomma.

8.3. STENOPOGONINI HULL, 1962.
Genera included: Gonioscelis, Ospriocerus,

Scleropogon, Stenopogon. Autapomorphies:
None. Additional apomorphic character
states: Head circular, as wide as high, in
anterior view (1; fig. 29), maxillary stipites
divided medially (14), ventral margin of
postmentum entirely smooth (19), dorsopos-
terior margin of cibarium with only one ridge
connecting cornua and cornua not originat-
ing from ridge (35), cornua developed in
anteroposterior orientation (37), prosternum
and proepisternum separated and proster-
num triangular with pointed dorsal tip (74),
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cell m3 closed (135), R2+3 apex arching
sharply anteriorly in 90u angle (142), male
hypopygium not rotated (195). The Stenopo-
gonini is restricted here to only those robber
flies with a circular head and with the
character combination mentioned above.

Unplaced genera: The two widespread
genera Ancylorhynchus and Scylaticus are
part of the Stenopogoninae and form a clade
supported by the following apomorphic
character states, i.e., 62: 1, 74: 2, 213: 3, but
do not group with any other described
subordinate taxon.

Phylogenetic relationships within Stenopo-
goninae: Plesiommatini is the sister taxon to
Stenopogonini and this clade is supported by
the following apomorphic character states:
setae on dorsal postpedicel present (55),
presutural dorsocentral setae absent (92),
sperm sac appearing more or less heavily
sclerotized (218). The three clades, Enigmo-
morphini, Plesiommatini + Stenopogonini,
and Ancylorhynchus + Scylaticus, form an
unresolved polytomy and no comments on
their relationship can be made.

9. WILLISTONININAE, NEW STATUS

Willistonininae Artigas and Papavero, 1991. Type
genus Willistonina Back, 1908. Species repre-
sented: 5. Figures 120–121, 125.

Autapomorphies: None. Additional apo-
morphic character states: Only lower facial
margin slightly developed (4), prosternum
and proepisternum separated, prosternum
triangular and pointed dorsally (74; fig. 68),
discal scutellar setae absent (99), setae on legs
dorsoventrally flattened (also circular setae
present) (103). The taxon Willistoninini was
described by Artigas and Papavero (1991) for
the single Nearctic genus Willistonina. It is
here expanded to include the Afrotropical
genera Acnephalum and Trichoura, the Afro-
tropical and Palaearctic genus Sisyrnodytes,
and the Nearctic genus Ablautus. Acnephalum
and Sisyrnodytes form a clade characterized
by a number of apomorphic character states
(3: 2, 7: 3, 22: 1, 58: 1, 65: 1, 201: 0). The sister
group to this taxon is composed of the
remaining genera, which are characterized
by the following apomorphic character
states: 25: 0, 32: 0, 64: 1, 112: 2. Trichoura

and Willistonina form a clade supported by
the following character states: 7: 0, 8: 1, 48: 1,
49: 1, 76: 0, 113: 1, 130: 1. Because of its
position as the sister group to a larger clade I,
Willistonininae is recognized here as a higher-
level taxon.

10. DIOCTRIINAE

Dioctriinae Enderlein, 1936. Type genus Dioctria
Meigen, 1803. Species represented: 9. Fig-
ures 120–121, 125.

Autapomorphies: None. Additional apo-
morphic character states: Maxillary stipites
divided medially (14), ommatidia all same
size (46), setae on dorsal postpedicel present
(55), apical ‘‘seta-like’’ sensory element situ-
ated subapically laterally on stylus (57;
fig. 55), cell cup open (136; fig. 83), male
hypandrium and epandrium not approximat-
ing, separated by gonocoxites (201), sube-
pandrial sclerite with lateral protuberances
(211). The Dioctriinae, originally described
by Enderlein (1936), was not applied as a
higher-level taxon until re-erected by Lehr
(2001). It is here shown to be a distinct taxon
from other Dasypogoninae and Stenopogo-
ninae sensu previous authors in which
Dioctriini has been placed (e.g., Hull, 1962;
Adisoemarto and Wood, 1975; Artigas and
Papavero, 1991).

10.1. DIOCTRIINI ENDERLEIN, 1936.
Genera included: Dioctria, Eudioctria,

Nannodioctria. Autapomorphies: Metatho-
racic coxae with pointed, peglike protuberance
anteriorly (113). Additional apomorphic char-
acter states: Macrosetae on lateral margin of
frons (dorsal to antennal insertion) absent (49),
male epandrium composed of a single sclerite,
fused more or less entirely medially (197).
Dioctria and Nannodioctria form a less
inclusive clade and it is characterized by two
autapomorphies, i.e., cross section of pre-
mentum of labium square proximally (18),
postmentum of labium platelike and arched
(20; fig. 35), as well as additional apomorphic
character states (23: 2, 24: 1).

10.2. ECHTHODOPINI ADISOEMARTO AND

WOOD, 1975.
Type genus Echthodopa Loew, 1866. Gen-

era included: Echthodopa. Autapomorphies:
None. Additional apomorphic character
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states: Mystax extending over lower facial
half (7), sensory pit in distal maxillary
palpomere present (12), antepronotum with
macrosetae and setae (69), setae on super-
oposterior anepimeron present (86), macro-
setae present on ventral metathoracic femora
(116), female S8 platelike and slightly emar-
ginate mediodistally (170), female spermathe-
cal reservoir formed by more or less expanded
and coiled ducts (180), male subepandrial
sclerite without lateral protuberances (211),
male lacking lateral ejaculatory process (213),
male dorsal aedeagal sheath long and sperm
sac entirely enclosed (215), male ventral median
margin of dorsal aedeagal sheath strongly
sclerotized and appearing entirely closed (217).

Unplaced genera: Broticosia, Dicolonus,
Myelaphus. The Australian genus Broticosia
is found here to be the sister taxon to the
remaining Dioctriinae. Dicolonus is charac-
terized by an autapomorphy, i.e., female S7
reduced in size (166), and by a number of
additional apomorphic character states (4: 3,
7: 2, 75: 1, 82: 1, 122: 0, 182: 1, 197: 0). The
genus Myelaphus is nested deeply within
Dioctriinae here as has been suggested before
by Hull (1962) and Adisoemarto and Wood
(1975). Artigas and Papavero (1991) placed it
in Stenopogoninae: Ceraturgini along with
Ceraturgus, which is here considered to be a
Brachyrhopalinae.

Phylogenetic relationships within Dioctrii-
nae: Broticosia is the sister group to the
remaining Dioctriinae, which are character-
ized by these apomorphic character states:
19: 1, 49: 1, 53: 1, 88: 3, 118: 2, 130: 1, 193: 4,
218: 1. Dicolonus, Echthodopini, Myelaphus,
and Dioctriini form a grade of less inclusive
sister taxa. The separate clades are delimited
by a number of apomorphic character states,
but no autapomorphies emerged from the
present analysis. A phylogenetic analysis of
Dioctriini and Echthodopini based on Ne-
arctic species, where these taxa are most
diverse, was published by Adisoemarto and
Wood (1975). The present analysis contra-
dicts some of the hypotheses postulated by
Adisoemarto and Wood in that Eudioctria is
considered here to be a Dioctriini as it groups
with Dioctria and Nannodioctria, which are
considered to be the only representatives of
Dioctriini by Adisoemarto and Wood. The
Echthodopini are not recovered as mono-

phyletic here because Dicolonus, Echthodopa,
and Myelaphus do not form a clade. This
taxon is therefore restricted to its type genus
Echthodopa.

11. LEPTOGASTRINAE

Leptogastrinae Schiner, 1862. Type genus Lepto-
gaster Meigen, 1803. Species represented: 7.
Figures 120–121, 125.

Autapomorphies: Abdominal T2 more
than twice as long as wide (153), S2 divided
medially into two equal halves, which are
separated by fenestra (159). Additional apo-
morphic character states: Seta-like spicules
on hypopharynx spaced far apart (33;
fig. 43), ocellar setae absent (62), only regular
setae form katatergal setae (83), presutural
dorsocentral setae absent (92), lateral depres-
sion on prothoracic coxae absent (104), row
of macrosetae on anterodorsal mesothoracic
tibiae absent (110), proximal prothoracic and
mesothoracic tarsomeres longer than follow-
ing two tarsomeres combined (120, 121),
pulvilli absent (123), claws fairly straight
throughout (125), R4 and R5 more or less
parallel (133; fig. 85), R4 terminating poste-
rior to wing apex (143; fig. 85), female
spermathecal reservoir formed by more or
less expanded ducts to sac-shaped reservoir
(180), female spermathecal reservoir heavily
sclerotized (181), male lateral ejaculatory
process present, large cylindrical sclerite
(213; fig. 101). The monophyly of Leptogas-
trinae has never been in question and is
corroborated here by many character states.
Hull (1962) included the genus Acronyches
within Leptogastrinae, but this placement
was not acknowledged by Martin (1968). As
Acronyches is the sister taxon to the Leptogas-
trinae sensu previous authors and two auta-
pomorphies characterize this clade, I include
this genus in the newly delimited Leptogas-
trinae. The relationships within this taxon will
not be discussed here in detail as a compre-
hensive generic-level phylogeny is currently in
preparation (Dikow, unpublished).

11.1. ACRONYCHINI ARTIGAS AND PAPA-

VERO, 1991, NEW PLACEMENT.
Type genus Acronyches Williston, 1908.

Genera included: Acronyches. Autapomor-
phies: None. Additional apomorphic charac-
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ter states: Vertex sharply depressed (3), frons
markedly approximating medially at level of
antennal insertion (48), metkatepisternum
large and visible between mesothoracic and
metathoracic tibiae (100), setiform empo-
dium minute or entirely absent (127), micro-
trichia on posterior margin of wing arranged
in two divergent planes (141), female S8
platelike and hypogynial valves separated
(surrounded by membrane) (170), female
furca divided into two lateral sclerites (184).

11.2. LEPTOGASTRINI SCHINER, 1862.
Genera included: Beameromyia, Euscelidia,

Lasiocnemus, Leptogaster, Tipulogaster. Au-
tapomorphies: Postpronotal lobes extended
medially and anteriorly and nearly touching
medially (72; fig. 65), metathoracic coxae
directed anteriorly (111), male with surstylus
on epandrium (198; fig. 101), male with
lateral process of gonostyli present (207;
fig. 101). Additional apomorphic character
states: Only lower facial margin developed
(4), dorsoposterior margin of cibarium with
one transverse ridge connecting cornua (35),
cornua on cibarium well developed in an-
teroposterior orientation (37), postpedicel
tapering distally (54), postpronotum setae
absent (70), anterior anepisternal and proe-
pimeral setae erect to appressed and anteri-
orly directed (78, 79), postmetacoxal bridge
partly present laterally and membranous area
medially (102), cell cup open (136; fig. 85),
female with short spermathecal ducts (178;
fig. 99), male with gonocoxite or gonocoxite-
hypandrial complex partially fused to epan-
drium (203; fig. 101), male lacking gonocoxal
apodemes (204), male with sperm sac ap-
pearing more or less heavily sclerotized (218).
The clade comprising Lasiocnemus, Leptoga-
ster, and Tipulogaster is characterized by a
single autapomorphy, i.e., only crossvein m-m
closing cell d and M1 branching of proximally
(137; fig. 85), and additional apomorphic
character states (177: 1, 199: 0, 202: 1).

12. TRIGONOMIMINAE

Trigonomiminae Enderlein, 1914. Type genus
Trigonomima Enderlein, 1914. Species repre-
sented: 7. Figures 120–121, 125.

Autapomorphies: Anterior tentorial pits
well developed and conspicuous anteroven-

trally located (44; fig. 26). Additional apo-
morphic character states: Apex of labella
pointed (24), postocular setae formed by
regular setae (no macrosetae) (66), proster-
num and proepisternum fused, prosternum
narrow above prothoracic coxae (74), supra-
alar setae absent (90), female spermathecae
occupying more than posterior three abdom-
inal segments (182). The monophyly of
Trigonomiminae has not been questioned
previously due to the distinct appearance of
these flies that are often referred to as
‘‘goggle-eyed’’ robber flies.

12.1. TRIGONOMIMINI ENDERLEIN, 1914.
Genera included: Holcocephala, Rhipido-

cephala, Trigonomima. Autapomorphies:
None. Additional apomorphic character
states: Setae on dorsal postpedicel present
(55), apical scutellar setae absent (98), T1
divided medially by membraneous area (152).
Rhipidocephala is characterized by a single
autapomorphy, i.e., female with S8 platelike
and the distal margin is medially membra-
neous (170), and additional apomorphic
character states (11: 1, 24: 2, 57: 3, 116: 1,
121: 1, 136: 0, 199: 1, 202: 1). Holcocephala is
characterized by a single autapomorphy, i.e.,
face divided into a distinct ventral and dorsal
half (5), and additional apomorphic charac-
ter states (18: 2, 92: 0, 94: 0, 122: 0, 193: 4,
197: 2, 206: 1). Rhipidocephala is the sister
group to the clade Holcocephala + Trigono-
mima, which is characterized by these apo-
morphic character states: 3: 2, 133: 0, 92: 0,
94: 0, 122: 0, 193: 4, 197: 2, 208: 1.

12.2. XENOMYZINI HARDY, 1948.
Type genus Xenomyza Wiedemann, 1817

5 Damalis Fabricius, 1805. Genera included:
Damalis. Autapomorphies: Postpedicel with
proximal bulb and distal elongated part (54;
fig. 56). Additional apomorphic character
states: Antennal stylus reduced to apical
‘‘seta-like’’ sensory element, which is situated
subapically in cavity on postpedicel (57, 58;
fig. 56), postpronotal setae absent (73), meta-
thoracic trochanter medially with posteriorly
directed protuberance (115), short, stout,
cone-shaped macrosetae ventrally on meta-
thoracic femora (116), costa terminates at
CuA2 and A1 (140), female with abdominal
T10 lost or fused to cerci (172), male
hypopygium rotated (195), male epandrium
formed by a single sclerite (197), male lacking
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gonocoxal apodeme (204), as well as 18: 2,
114: 2, 137: 2, 138: 1. The two Afrotropical
species Damalis annulata and D. monochaetes
are the sister taxa to the Oriental Damalis sp.
(Palatupana) and this Afrotropical clade is
characterized by the lack of discal scutellar
setae (99) and the short proximal prothoracic
tarsomere, which is shorter than the two
following tarsomeres combined (122).

Phylogenetic relationships within Trigono-
miminae: Trigonomimini and Xenomyzini
are adelphotaxa and all genera included in
the present analysis are assigned to a
subordinate taxon.

13. STICHOPOGONINAE

Stichopogoninae Hardy, 1930. Type genus Sticho-
pogon Loew, 1847. Species represented: 7.
Figures 120–121, 126.

Autapomorphies: Posterior margin of
compound eyes distinctly sinuate in ventral
half (64; fig. 60). Additional apomorphic
character states: Maxillary stipites divided
medially (14; fig. 33), cornua on cibarium
well developed in anteroposterior orientation
(37), frons markedly and suddenly diverging
laterally at level of antennal insertion (48;
fig. 27), prosternum and proepisternum fused
and prosternum broad above prothoracic
coxae (74; fig. 66), anterior anepisternal setae
absent (78), discal scutellar setae absent (99),
proximal metathoracic tarsomere shorter
than two following tarsomeres combined
(122), female S8 platelike and hypogynial
valves separated (surrounded by membrane)
(170; fig. 97), male gonocoxites fused to
hypandrium (202), male ventral margin of
dorsal aedeagal sheath strongly sclerotized
(appearing entirely closed) (217). The mono-
phyly of Stichopogoninae has never been in
doubt and has been recently corroborated by
a phylogenetic analysis by Cannings (2002).

13.1. STICHOPOGONINI HARDY, 1930.
Genera included: Lissoteles, Stichopogon.

Autapomorphies: Male hypandrium and
epandrium fused and connected by a narrow
sclerite proximally (201; fig. 112), male sub-
epandrial sclerite with short, stout macro-
setae on the distal margin ventrally (209).
Additional apomorphic character states:
Mystacal setae tightly packed and forming

a distinct shield (8), postpedicel tapering
distally (54), one seta forming notopleural
setae (88), medial setae on posterior scutum
erect and directed dorsally to anteriorly (96),
setae on anteroventral prothoracic tibiae
absent (105), prothoracic and mesothoracic
coxae directed distinctly posteriorly (109),
blunt protuberance on anterior metathoracic
coxae (113), male cerci fused to a single
sclerite (212).

Phylogenetic relationships within Sticho-
pogoninae: The genera Lasiopogon and
Townsendia are not placed in any subordinate
taxon. Lasiopogon is the sister group to the
remaining Stichopogoninae and character-
ized by an autapomorphy, i.e., male sub-
epandrial sclerite with short, stout macro-
setae on its entire ventral surface (210), and
additional apomorphic character states (7: 2,
46: 0, 55: 1, 98: 2, 143: 1, 181: 1, 195: 1).
Townsendia is the sister taxon to Stichopo-
gonini and the clade combining both taxa is
characterized by a number of apomorphic
character states (4: 1, 75: 1, 114: 2, 197: 0,
213: 0, 215: 1). Townsendia is excluded from
Stichopogonini because it lacks the two
autapomorphies of Lissoteles and Stichopo-
gon and the taxon sampling within this group
is very small. Cannings (2002) postulated a
phylogeny of Stichopogoninae based on eight
genera. The main findings are corroborated
by the present analysis. In both studies
Lasiopogon is found to be the sister group
to the remaining Stichopogoninae and Lisso-
teles and Stichopogon are most closely
related. In fact, Lissoteles renders Stichopo-
gon paraphyletic in the present analysis, but
because of the limited taxon sampling, this
finding should not be taken as conclusive
evidence for the non-monophyly of Sticho-
pogon. Martin (1961), in revising Lissoteles,
mentioned that both genera are morpholog-
ically very similar.

14. BRACHYRHOPALINAE, NEW STATUS

Brachyrhopalinae Hardy, 1926. Type genus Bra-
chyrhopala Macquart, 1847. Species represent-
ed: 18. Figures 120–121, 126.

Autapomorphies: None. Additional apo-
morphic character states: Stylus composed of
two elements (58), proximal prothoracic
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tarsomere longer than following two tar-
someres combined (120), alula reduced in size
to small lobe (130), R4 and R5 more or less
parallel (133). The species here summarized
within Brachyrhopalinae are the remnant of
the Dasypogoninae and Stenopogoninae
sensu previous authors. It is a large clade
that is not delimited by many unique
apomorphic character states. Future phylo-
genetic studies will hopefully improve the
delimitation of this taxon by including
additional species that are morphologically
similar to the Brachyrhopalinae representa-
tives used here. From the valid and available
family-group names represented in this clade,
the name Brachyrhopalinae Hardy, 1926,
with the type genus Brachyrhopala from
Australia, is the oldest name and is chosen
here to name this taxon.

14.1. CYRTOPOGONINI ARTIGAS AND PAPA-

VERO, 1991, NEW PLACEMENT.
Type genus Cyrtopogon Loew, 1847. Gen-

era included: Afroholopogon, Cyrtopogon,
Dasycyrton. Autapomorphies: None. Addi-
tional apomorphic character states: Female
T8 with anterior rectangular apodeme, which
is entirely fused to the tergite (169; fig. 87),
female spermathecal reservoir formed by
more or less expanded and coiled ducts
(180). The Cyrtopogonini was described by
Artigas and Papavero (1991) within their
Stenopogoninae for 20 genera. Of these, only
Cyrtopogon and Dasycyrton are recovered
within this clade and Afroholopogon is
referred to this taxon. Other genera originally
included by Artigas and Papavero and also
part of the present analysis are now found
within Brachyrhopalinae, i.e., Heteropogon,
Holopogon, Metapogon, Nannocyrtopogon,
and Rhabdogaster, or transferred to other
higher-level taxa, i.e., Ablautus to Willistoni-
ninae.

14.2. CHRYSOPOGONINI HARDY, 1934, NEW

PLACEMENT.
Type genus Chrysopogon von Röder, 1881.

Genera included: Chrysopogon, Codula. Au-
tapomorphies: Single, short, stout macroseta
forms notopleural seta (88), cuticular facets
on proximal metathoracic femora (117).
Additional apomorphic character states: Pre-
mentum of labium laterally compressed (18),
labellae of labium reduced and fused entirely
to prementum (23), supra-alar, postalar, and

presutural dorsocentral setae absent (90, 91,
92), alula well developed (130), abdominal
tergites indented and setae with large sockets
(151), female S8 proximally platelike and
hypogynial valves forming a keel distally
(170), female with T9–10 separated (not
fused) (173), female without spurs on the
ovipositor (174), female spermathecal reser-
voir formed by more or less expanded and
coiled ducts (180), female furcal apodeme
present and long (185). This exclusively
Australian taxon was described by Hardy
(1934) and was extensively reviewed by
Clements (1985). Originally it included only
the genera Chrysopogon, Codula, and Op-
seostlengis, but Hull (1962) later transferred
Chryseutria to this taxon. The genus Codula
was placed in the Stenopogoninae sensu
previous authors in contrast to Chrysopogon,
which was placed in Dasypogoninae sensu
previous authors, in the most recent generic
catalogue (Geller-Grimm, 2004) based on the
absence of a prothoracic tibial spine. The
close relationship between these two genera is
supported here by autapomorphies and the
placement of Codula within Chrysopogonini
is without doubt.

14.3. BRACHYRHOPALINI HARDY, 1926,
NEW PLACEMENT.

Type genus Brachyrhopala Macquart,
1847. Genera included: Austrosaropogon,
Brachyrhopala, Cabasa. Autapomorphies:
None. Additional apomorphic characters
states: Lower facial margin slightly developed
(4), discal scutellar setae absent (99). The
Brachyrhopalini was described by Hardy
(1926) for the only genus Brachyrhopala
although he considered Cabasa to be a junior
synonym of Brachyrhopala. It is expanded
here to include Austrosaropogon.

14.4. CERATURGINI ARTIGAS AND PAPA-

VERO, 1991, NEW PLACEMENT.
Type genus Ceraturgus Wiedemann, 1821.

Genera included: Ceraturgus, Nannocyrtopo-
gon. Autapomorphies: None. Additional
apomorphic character states: Facial swelling
extending over lower facial three quarters (7),
hypopharynx parallel-sided throughout and
distal tip suddenly pointed (32), regular setae
form katatergal setae (83), male hypopygium
rotated (195), male cerci fused to single
sclerite (212), male sperm sac appearing more
or less heavily sclerotized (218). The Cera-
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turgini was described by Artigas and Papa-
vero (1991) for the two genera Ceraturgus
and Myelaphus. Myelaphus is transferred
here to the Dioctriinae and Nannocyrtopogon,
which is placed in Cyrtopogonini by Artigas
and Papavero (1991), is placed in Ceraturgini
here.

Additional genera of Brachyrhopalinae
that do not group with any of the above-
mentioned family-group taxa are: Cophura,
Heteropogon, Holopogon, Leptarthrus, Meta-
pogon, Nicocles, Rhabdogaster. Heteropogon,
Holopogon, Metapogon, and Rhabdogaster
were placed in Cyrtopogonini by previous
authors, but do not group with Cyrtopogon
in the present analysis. Cophura, Leptarthrus,
and Nicocles were placed in the unavailable
Isopogonini within Dasypogoninae by Papa-
vero (1973b) based on the possession of an S-
shaped spur on the prothoracic tibiae. These
genera do not form a monophyletic clade in
the present analysis and therefore a taxon
cannot be recognized and I do not provide a
new family-group name to replace the
unavailable name. Although the genera
Holopogon and Leptarthrus as well as Co-
phura, Heteropogon, Metapogon, Nicocles,
and Rhabdogaster form clades, respectively,
I do not propose any new family-group
names for these taxa as I believe a more
detailed study focusing on morphologically
similar species will shed new light on the
phylogenetic relationships within Brachyrho-
palinae.

Phylogenetic relationships within Brachyr-
hopalinae: Cyrtopogonini is the sister group
to the remaining Brachyrhopalinae and this
clade is characterized by a number of
apomorphic character states (22: 1, 32: 1,
83: 1). Holopogon and Leptarthrus form a
clade delimited by these apomorphic charac-
ter states: 7: 3, 90: 0, 168: 1, 181: 0, 201: 2. A
clade comprising Brachyrhopalini, Ceratur-
gini, Chrysopogonini, and a number of
unplaced genera is the sister group to
Holopogon and Leptarthrus and character-
ized by two apomorphic character states (78:
0, 136: 0). Brachyrhopalini and Chrysopogo-
nini form a clade delimited by a number of
apomorphic character states (25: 1, 58: 3,
137: 2, 168: 0, 197: 0, 199: 0, 202: 1) that is
restricted to Australia and its sister taxon is
characterized by these apomorphic character

states: 19: 1, 26: 0, 62: 2, 169: 1. Ceraturgini is
the sister group to a clade comprising the five
unplaced genera, which are united by a single
apomorphic character state, i.e., female
spermathecae occupying more than posterior
three segments (182).

INCERTAE SEDIS

The two genera Coleomyia and Oligopogon
could not be placed in any of the higher-level
taxa and no family-group names are avail-
able for them. Coleomyia was placed in the
Stenopogoninae: Tillobromatini sensu Arti-
gas and Papavero (1991) and Geller-Grimm
(2004), but it is not recovered within either
taxon and is placed in an unresolved trichot-
omy with Dasypogoninae and Stenopogoni-
nae. Oligopogon is placed as sister taxon to a
large clade composed of Brachyrhopalinae,
Dioctriinae, Leptogastrinae, Stichopogoni-
nae, and Trigonomiminae. It had been placed
in Stenopogoninae and Trigonomiminae
before (see Geller-Grimm and Hradský,
2003, for a summary).

The following monogeneric family-group
taxa Archilaphriinae (Archilaphria), Dasyle-
chiini (Dasylechia), and Neophoneini (Neo-
phoneus) are not represented in the present
analysis and no comment on their phyloge-
netic relationships can be made. Archilaphria
was placed within Dasypogoninae sensu
previous authors and Dasylechia and Neo-
phoneus in Laphriinae (Papavero, 1973a;
Geller-Grimm, 2004).

PHYLOGENETIC RELATIONSHIPS OF HIGHER-
LEVEL TAXA WITHIN ASILIDAE

Figure 120

The most outstanding discovery of the
present extensive morphological phylogenetic
study is the hypothesis that Laphriinae is the
sister taxon to the remaining Asilidae. This
relationship has never before been suggested
and Laphriinae is generally assumed to be
phylogenetically derived Asilidae. Morpho-
logically, however, Laphriinae shares a num-
ber of symplesiomorphies with Asiloidea
outgroup taxa. In most Asilidae, the protho-
racic and mesothoracic coxae are oriented
ventrally, which probably facilitates the
specialized capture and grasping position of
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prey items directly underneath the thorax. In
Laphriinae except Atomosiini and outgroup
taxa, the pro- and mesothoracic coxae are
oriented posteriorly, which is the plesio-
morphic character state within Asilidae. This
state is also found in a few robber-fly species
phylogenetically unrelated to Laphriinae.
Another interesting character in Laphriinae
pertains to the male terminalia. Yeates (1994)
and Sinclair et al. (1994) independently
proposed the proximal connection of the
epandrium and hypandrium as a possible
autapomorphy of Asilidae because it is found
in most assassin flies. Both studies considered
only a small representation of Asilidae, and
species of Laphriinae were not represented.
In Laphriinae, the hypandrium is generally
very small, or even absent, and therefore not
connected proximally to the epandrium
(figs. 102, 108–109). This condition is homol-
ogous to the state found in the included
Asiloidea outgroup taxa. Therefore, this
character state is autapomorphic for a less
inclusive taxon within Asilidae indicated as
taxon A in figures 120–121. This clade is
characterized by the following apomorphic
character states: prosternum and proepister-
num separated and the prosternum is square
to rectangular and straight dorsally (charac-
ter 74; fig. 69), prothoracic and mesothoracic
coxae more or less directed ventrally (some-
times even anteriorly) (109; fig. 61), female
furcal apodeme present, long and platelike in
shape (185), hypandrium and epandrium
approximating, but not fused proximally
(201; fig. 113).

The Asilinae and Ommatiinae form a
sister-group relationship (clade B) based on
the following apomorphic character states:
maxillary stipites fused medially, but V-
shaped indentation present (14), tip of
maxillae blunt (29; fig. 31), setae on posterior
basalare present (81), setae on superoposter-
ior anepimeron present (86), metkatepisternal
setae present (101), female spermathecal
reservoir not differentiated from spermathe-
cal ducts (180), female spermathecal reservoir
weakly sclerotized (181), male hypandrium
well developed and rectangular or square
(199; figs. 106, 113), male lateral ejaculatory
process absent (213; fig. 114). Previous au-
thors have assumed the two taxa were closely
related due to their overall morphological

similarity (Karl, 1959; Hull, 1962; Papavero,
1973a; Lehr, 1969, 1996).

Taxon C, i.e., Asilidae with the exception
of Asilinae, Laphriinae, and Ommatiinae, is
characterized by these apomorphic character
states: vertex only slightly depressed (3;
fig. 27), facial swelling and mystax extending
over lower three quarters (4, 7), postpedicel
medially broadest and long (54; fig. 52), setae
on female T8 with erect setae (168), female S8
platelike with hypogynial valves extending
(170), female T10 with acanthophorite spurs
(174; figs. 87, 91), male sperm sac entirely
free and sheath short (215; fig. 115), male
aedeagal sheath weakly sclerotized ventrally
and appearing incompletely closed (217;
fig. 115). The next inclusive taxon D is
characterized by these apomorphic character
states: hypopharynx parallel-sided in proxi-
mal half and distal half much narrower (32;
fig. 41), pharyngeal pump without sclerotized
ring laterally (40), metathoracic coxae with
regular setae laterally (no macrosetae) (112),
female T9 and T10 only partly fused (173).
Taxon E is characterized by the following
apomorphic character states: sensory pit in
distal maxillary palpomere present (12),
anterior ommatidia all same size (46), cell
m3 open (135), female furcal apodeme short
and platelike (185), male hypandrium and
gonocoxites entirely free (202).

Dasypogoninae, Stenopogoninae, Tillo-
bromatinae, and the unplaced genus Coleo-
myia form a clade (taxon F) characterized by
the following apomorphic character states:
dorsal flange on prementum of labium
present (22), apical ‘‘seta-like’’ sensory ele-
ment situated apically in cavity on stylus (57),
cell cup open (136), male hypopygium rotated
(195), male cerci fused to a single sclerite
(212). Tillobromatinae is the sister group to
the remaining two taxa plus Coleomyia
(taxon G), which is characterized by the
presence of macrosetae and setae on the
postpronotum (70), postpronotal lobes with
macrosetae and setae (73), anterior anepis-
ternal setae absent (78), discal scutellar setae
absent (99), lateral metathoracic coxae with
macrosetae and setae (112). Dasypogoninae,
Stenopogoninae and Coleomyia are part of
an unresolved polytomy and the phylogenetic
relationships and placement of Coleomyia
need to be addressed with a denser taxon and

112 BULLETIN AMERICAN MUSEUM OF NATURAL HISTORY NO. 319



character sampling informative for this par-
ticular group.

Clade H is characterized by prothoracic
and mesothoracic tarsomeres shorter than
following two tarsomeres combined (120,
121), discal cell closed by M2 and m-m in a
single line (137). Taxon I includes the
unplaced genus Oligopogon, and clade J and
is characterized by the following apomorphic
character states: pharyngeal pump laterally
with sclerotized ring, but medio-anteriorly
unsclerotized (40; fig. 49), metathoracic tro-
chanter medially with regular setae (no
macrosetae) (114), setiform empodium re-
duced in length to varying degree (127), alula
reduced entirely so that the wing margin is
nearly straight (130; fig. 85). Oligopogon is
the sister taxon to a larger clade J, which is
delimited by: mystax restricted to lower facial
margin (7), hypopharynx parallel-sided
throughout and only distal tip suddenly
pointed (32; figs. 39–40), ocellar setae formed
by regular setae (no macrosetae) (62), ante-
pronotum with regular setae (no macrosetae)
(69), apical scutellar setae formed by regular
setae (no macrosetae) (98). This clade in-
cludes four taxa previously thought to be
monophyletic as well as the Brachyrhopali-
nae, which is a clade in which several genera
previously assigned to Dasypogoninae and
Stenopogoninae sensu previous authors are
united.

Taxon K, which comprises Dioctriinae,
Leptogastrinae, and Trigonomiminae, has
never been postulated before, but is here
supported by the following apomorphic
character states: facial swelling extending
over lower facial half (4), female T8 with
posteriorly directed setae (168), female T9
and T10 entirely fused, not discernible (173),
female T10 without acanthophorite spurs
(174). Leptogastrinae and Trigonomiminae
together form the sister group (taxon L) of
Dioctriinae and are delimited by these
apomorphic character states: maxillary pal-
pus one-segmented (11), female S8 platelike
and slightly emarginate mediodistally (170),
male hypandrium reduced or not differenti-
ated (199), male gonocoxite and hypandrium
fused to form a gonocoxite-hypandrial com-
plex (202).

The sister group to taxon K is a clade
comprising Brachyrhopalinae and Stichopo-

goninae (taxon M). This taxon is only
supported by a single apomorphic character
state, i.e., maxillae (in lateral view) proximal-
ly high and distal tip distinctly narrow (28;
fig. 38), and future studies with an increased
taxon sampling particularly within the Bra-
chyrhopalinae will hopefully provide more
substantial morphological support.

DISCUSSION

PREVIOUS VERSUS THE PRESENT PHYLOGE-

NETIC HYPOTHESIS FOR ASILIDAE

As outlined in the introduction, Hull’s
(1962) and Papavero’s (1973a) classifications
and postulated diagrams of relationships are
not phylogenetic in nature and cannot be
compared to the present cladistic hypothesis.
Karl’s (1959; fig. 129) study is phylogenetic,
but the limited taxon sampling especially in
his ‘‘übrige Dasypogoninae,’’ which entails a
significant number of species, makes a
meaningful comparison difficult. Karl does
not include Atomosiini in Laphriinae nor
Lasiopogon in Stichopogoninae in contrast to
the findings of the present study. The
Leptogastrinae and Trigonomiminae (his
‘‘Damalis Gruppe’’) are unresolved within
Asilidae and do not form a monophyletic
clade as postulated here. Karl pointed out,
though, that Asilinae and Ommatiinae are
sister taxa and Laphriini and Hoplistomerini
are closely related, findings that have been
corroborated here. The re-analysis of the
character matrix provided by Karl (1959: fig.
47) results in a single most parsimonious tree
(length 5 26; CI 5 0.69; RI 5 0.78; fig. 129,
appendix 3). The topology is identical to the
one illustrated by Karl in his figure 49,
however, those relationships labeled as ques-
tionable by Karl are resolved. In summary, a
clade Asilinae and Ommatiinae is the sister
taxon to Leptogastrinae, Damalis is the sister
group to Laphriinae (including Atomosia,
Hoplistomerini, and Laphriini), and Lasio-
pogon and Stichopogon do not form a
monophyletic clade.

The only phylogenetic analysis of Asilidae
representing most of the higher-level taxa
sensu previous authors is the molecular study
published by Bybee et al. (2004; fig. 130). The
results are limited in their applicability
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because the analysis is based only on 26
Asilidae species and Ommatiinae, Stichopo-
goninae, Trigonomiminae, as well as Laphys-
tiinae sensu previous authors are represented
by only a single species, so that their
monophyly could not be tested. However,
the results can be compared to the present
morphological study. Bybee et al. (2004)
published two cladograms, one based on
parsimony as the optimality criterion and the
other based on maximum likelihood, without
stating which is the preferred hypothesis.
Although both hypotheses depict somewhat
similar relationships there are differences in
the position of certain species. I will base my
discussion solely on the parsimony results
(Bybee et al., 2004: fig. 3), which is illustrated
in fig. 130, as the present morphological
analysis is also based on this optimality
criterion.

The most striking difference between the
phylogenetic hypothesis postulated here and
the hypothesis of Bybee et al. (2004) is the
position of the Leptogastrinae (figs. 120,
130). When Martin (1968) elevated the
Leptogastrinae to family status, he regarded
them as the sister group to Asilidae. This

hypothesis is followed by Papavero (1973a),
who excluded these slender flies from his
exhaustive review of the Asilidae of the
world. Oldroyd (1969), on the other hand,
refuted Martin’s study and emphasized that
Leptogastrinae should be retained in Asili-
dae, although his arguments are not based on
phylogenetic considerations. In the molecular
study by Bybee et al. (2004), the Leptogas-
trinae groups as the sister taxon to the
remaining Asilidae, which would support
Martin’s view and potentially allow for the
separation of Leptogastrinae as a separate
family taxon. However, in the present exten-
sive morphological phylogeny, the Leptogas-
trinae is positioned deeply within Asilidae as
sister taxon to the Trigonomiminae. I have
much more confidence in the present group-
ing as a suite of apomorphic character states

Fig. 129. Phylogenetic re-analysis of relation-
ships of Asilidae based on the characters of
figure 47 in Karl (1959) and summarized in
appendix 3. The analysis in TNT results in a
single most parsimonious tree (length 5 26; CI 5
0.69; RI 5 0.78). An outgroup was coded with
state 0 for all characters to root the cladogram and
is omitted here.

Fig. 130. Previously published phylogenetic
hypothesis of Asilidae by Bybee et al. (2004: fig.
3) based on parsimony analysis under direct
optimization in POY of 16S, 18S, and 28S rDNA
and COII DNA sequences.
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supports this hypothesis (fig. 120). Addition-
ally, my own combined analysis of the
morphological matrix presented here and
DNA sequence data of five nuclear genes
also supports a grouping of Leptogastrinae
deeply within Asilidae (Dikow, submitted).

The higher-level relationships within Asili-
dae postulated by Bybee et al. (2004) are in
general very different from the present
hypothesis as is the monophyly or non-
monophyly of certain higher-level taxa.
Laphriinae is supported as monophyletic in
the molecular study, but the genus Laphystia
is not placed close to this group, and is
considered the sister group to Stenopogonini.
In the present study the Laphriinae sensu
previous authors is also supported as mono-
phyletic, but Laphystia is closely related to it
and is part of the revised taxon Laphriinae.
Apocleinae and Asilinae sensu previous
authors are found to be paraphyletic with
respect to each other in the present analysis,
but are supported as monophyletic by Bybee
et al. Furthermore, Ommatiinae is more
closely related to Asilinae sensu previous
authors in the molecular analysis, in contrast
to it being the sister group to the revised
Asilinae including the Apocleinae sensu
previous authors as supported here. The
Dasypogoninae is considered non-monophy-
letic in the molecular study, but the three
genera included by Bybee et al., Diogmites,
Saropogon, and Senobasis, are part of the
Dasypogoninae sensu stricto in the present
morphological study. The Stenopogoninae
sensu previous authors is non-monophyletic
in Bybee et al. and representatives appear in
four different clades. The grouping Creolestes
and Obelophorus as a clade is at odds with the
findings of the present study, in which these
two genera are placed in separate and
phylogenetically unrelated higher-level taxa,
i.e., Creolestes in Stenopogoninae: Enigmo-
morphini and Obelophorus in Phellinae. One
must conclude that a DNA sequence study
based on limited exemplars of a hyperdiverse
insect taxon is a misguided exercise.

BIOLOGY OF ASILIDAE

The newly proposed hypothesis that the
Laphriinae constitutes the sister group to the
remaining Asilidae makes a discussion of

some biological phenomena possible. Larvae
of Asilidae were described very early (see
summary in Melin, 1923), but to date we
know larvae of only a very few species and
have limited knowledge of larval morphology
and habitats. The most commonly encoun-
tered larvae of robber flies are those of
Laphria and relatives, which are found within
decaying wood in forest habitats where the
majority of Laphriinae sensu previous au-
thors occur. Based on this knowledge, one
could assume that all larvae of Laphriinae
develop in wood in contrast to all other
known robber-fly larvae, which have been
observed to develop in soil and sandy
habitats (e.g., Melin, 1923; Fisher, in press).
The new delimitation of Laphriinae includes
all of those species previously assigned to
Laphystiinae of which a single species is
known in the larval stage. The larva of
Laphystia carnea Hermann, 1906, was de-
scribed by Krivosheina (1973) from Turkme-
nistan and, in contrast to other Laphriinae,
the larva develops in sandy loam. Among the
outgroup taxa, some Mydidae larvae are
known to occur in wood whereas others,
together with all Apioceridae larvae de-
scribed so far, develop in sandy soil (e.g.,
Wilcox, 1981; Peterson, 1981). With this
limited knowledge about larvae, one cannot,
at this stage, postulate whether soil or wood
is the ancestral larval habitat for Asilidae.

A similar scenario can be envisioned for
the evolution of mimicry within Asilidae.
Many Laphriinae species closely resemble
various Aculeata bees and wasps (Hymenop-
tera). The earliest studies on mimicry in
Asilidae were published by Brauer (1885)
and Poulton (1904), who summarized some
of the early observations by naturalists, and
later Melin (1923) considered the problem in
more detail. As Batesian mimics, robber flies
can avoid predators such as birds. Further-
more, assassin flies that resemble their prey
species can approach their prey items without
being detected as was observed by Poulton
(1904) or remain unnoticed at their perching
site (Grimaldi and Engel, 2005). Many
Laphriinae have been shown to feed on
Aculeata although not exclusively (e.g.,
Londt, 1995, 2006b) as the majority of
assassin flies are not specialized hunters.
Mimicry of Hymenoptera is not restricted
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to Laphriinae, though, as some genera
included in the present analysis, e.g., Mega-
phorus (Asilinae), Blepharepium and Diog-
mites (Dasypogoninae), and Ospriocerus
(Stenopogoninae), have been observed to
mimic Aculeata in Arizona and New Mexico
(Linsley, 1960). Poulton (1904) observed
Dasypogon diadema (Dasypogoninae) mim-
icking Anoplius viaticus Linnaeus, 1758 (as
Pompilus; Pompilidae), in Europe. Enderlein
(1914) described three genera, i.e., Ammophi-
lomima, Ophionomima (both Leptogastrinae),
and Trigonomima (Trigonomiminae), and
named them based on the hypothesis that
they mimic species of Ammophila Kirby, 1798
(Sphecidae), Ophion Fabricius, 1798 (Ichneu-
monidae), and Trigona Jurine, 1807 (Apidae),
respectively. Londt (1991) described a bee-
mimicking genus from southern Namibia in
yet another clade, i.e., Stenopogoninae sensu
previous authors. Some Mydidae, e.g., My-
das clavatus and Opomydas townsendi includ-
ed in the present study, resemble Pompilidae
and Vespidae wasps, respectively. Hesse
(1969) described Vespiodes from southern
Africa and highlighted the observation that
species of this genus together with Mydaselpis
Bezzi, 1924 (Syllegomydinae), resemble Ves-
pidae wasps in this biodiverse region of
Africa. In the arid southwestern United
States and adjacent Mexico a robber fly,
Wyliea mydas (Brauer, 1885) (Asilinae), and
similar species of Mydas Fabricius, 1794,
both mimic sympatrically occurring Pepsis
Fabricius, 1804, wasps (Pompilidae) with an
entirely black body and bright orange-red
wings (Brauer, 1885). In contrast, Apiocera
species are not known to mimic any other
distasteful or dangerous insects. Based on the
phylogenetic relationships of the above-men-
tioned taxa, one can postulate with certainty
that mimicry has evolved independently
several times within Asilidae. Only a more
thorough study of Batesian mimicry of
Asilidae and Mydidae species and a more
comprehensive phylogenetic study including
many more assassin-fly species can shed light
on the question.

BIOGEOGRAPHICAL IMPLICATIONS

Although many of the higher-level taxa
proposed previously and corroborated here

are worldwide in distribution, some of the
clades are biogeographically restricted (fig.
131). Laphriinae, the sister taxon to the
remaining Asilidae, is worldwide in distribu-
tion as are Asilinae, Dasypogoninae, Lepto-
gastrinae, Ommatiinae, Trigonomiminae,
Stenopogoninae, and Stichopogoninae (figs.
120, 131). The extant representatives of
Bathypogoninae, the sister group to a large
clade D, are restricted to Australia (and
possibly South America) and representatives
of Phellinae, sister group to clade E, occur
only in Australia and Chile (figs. 120, 131).
Extant Tillobromatinae are found in south-
ern Africa and South America whereas Will-
istonininae is distributed in the Afrotropical
and Nearctic regions and Sisyrnodytes also
occurs in the Palaearctic Region (figs. 120,
131). Dioctriinae are most speciose in the
Northern Hemisphere, but Broticosia, the
sister taxon to the remaining Dioctriinae, is
found only in Australia (figs. 121, 131).
Brachyrhopalinae is found throughout the
world, but the Brachyrhopalini and Chryso-
pogonini are restricted to Australia (figs. 121,
131). Although I attempted to include
representatives from all zoogeographical re-
gions the Oriental Region is certainly under-
represented. This is partly due to the lack of
well-organized collections from which speci-
mens can be borrowed, but also due to the
lack of expertise and interest in this particular
fauna. Perhaps most interesting is the repeat-
ed restriction of adelphotaxa to hyperdiverse
radiations to areas in the Southern Hemi-
sphere, especially Australia and southern
South America, i.e., Bathypogoninae, Phelli-
nae, and Tillobromatinae (figs. 120, 131).

SOME MORPHOLOGICAL

CHARACTERS REVISITED

Not all of the autapomorphies previously
postulated for Asilidae by Hennig (1973) and
Woodley (1989) could be corroborated in the
present analysis. Hennig (1973) attributed a
proximally constricted abdomen to Hull
(1962), but I am unable to find any reference
to this feature in Hull’s publication. This
character does not hold up as autapomorphic
because in most Asilidae T2–3 are more or
less square or rectangular, and only in a few
species of Brachyrhopalinae, Dasypogoninae,
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Dioctriinae, Laphriinae, and Ommatiinae is the
abdomen constricted, or waistlike (see charac-
ter 156). Hennig (1973) also postulated densely
bristled raptorial legs as autapomorphic for
Asilidae, and although many species possess
macrosetae on the legs, they could not be coded
as such because the setal positions vary greatly
among the species, making homologizing them
difficult. Only a row of macrosetae on the
anterodorsal mesothoracic tibia is coded here
(see character 110) because it is found in most
Asilidae. However, these setae are also present
in most outgroup taxa and therefore not
autapomorphic for assassin flies.

Oldroyd (1974a) and Woodley (1989)
postulated the presence of the mystax as an
autapomorphy, and in the present analysis it
is absent in only Pseudorus distendens (Dasy-
pogoninae) among Asilidae. However,
macrosetae are also present on the face of
Mydidae, as mentioned by Hardy (1927a)
and Woodley (1989) although neither author
homologized these setae with the ones in
robber flies. I code them to be homologous as
they are found at the same position on the
head and cannot be separated otherwise (see
character 6). The character optimization for
the mystax is ambiguous at the root of the
Asilidae and there are three equally parsimo-
nious explanations for the character trans-
formation. As the mystacal setae are absent
in Apioceridae, Neorhaphiomidas (Mydidae),
and Pseudorus, they could have originated (1)
in the most recent common ancestor of
Asilidae + (Apioceridae + Mydidae) and then
become lost independently in Apioceridae,
Neorhaphiomidas, and Pseudorus (4 steps,
fast optimization), (2) independently in Asi-
lidae and Mydidae and are reduced once in
each of these taxa (4 steps, slow optimiza-
tion), or (3) independently in Rhaphiomidas,
in Mydidae except Neorhaphiomidas and
Rhaphiomidas, and Asilidae and are reduced
in Pseudorus (4 steps, unambiguous optimi-
zation). One morphological difference is
evident in that Mydidae, with the exception
of Mydas clavatus and Rhaphiomidas maeh-
leri, possess an area medially on the face from
which the mystacal setae are absent. I am
unable to comment on this feature and a
more detailed analysis of mystacal setae
within Mydidae might shed light on the
homology to the mystacal setae in Asilidae.

Hull (1962) and Papavero (1973a) dis-
cussed several morphological characters that
were believed to contain important phyloge-
netic information for classifying Asilidae.
Some of these will be discussed briefly in
light of the phylogenetic hypothesis presented
here, with the character transformation from
the plesiomorphic to the apomorphic condi-
tion outlined.

Both authors argued that the open wing
cells r1, r5, m3, and cup represent the
plesiomorphic condition within Asilidae.
That this is not the case is exemplified, for
example, by clade L (Leptogastrinae +
Trigonomiminae) (fig. 120), which is a phy-
logenetically derived clade and in which all
wing cells are generally open (only cell cup is
closed in Acronyches and Lasiocnemus within
Leptogastrinae and all Trigonomiminae ex-
cept Rhipidocephala) (figs. 84–85). Further-
more, cells r1, m3, and cup are closed in
Asilinae, Laphriinae (r1 is open in Psilo-
curus), and Ommatiinae (figs. 73–80) as well
as Apioceridae and Mydidae as the sister
group, but the same cells are generally open
in taxon C, i.e., the remaining Asilidae
(figs. 81–83, 120). Cell m3 and cup are also
closed in Bathypogoninae and Phellinae,
which are representatives of clade C, and
open in the majority of species of taxon E
(fig. 120). This indicates that the closed
condition of these wing cells is actually the
plesiomorphic state. The only exception is
cell r5, which is closed in very few Asilidae
(figs. 73, 75) and Asiloidea outgroup taxa,
and the plesiomorphic condition is an open
cell r5.

Previous classifications emphasized the
one- or two-segmented maxillary palpi as
an important character (e.g., Hull, 1962;
Papavero, 1973a). Hull (1962) used this
character in the first couplet to his identifi-
cation key to higher-level taxa and Oldroyd
(1974a: 11) stated, ‘‘It seems to me, therefore,
that the number of palpal segments is too
elusive and enigmatic a character to be given
such prominence.’’ Hennig (1973) and Wood-
ley (1989) postulated a two-segmented max-
illary palpus as an autapomorphy for the
Brachycera. It has been assumed that a two-
segmented palpus is the plesiomorphic con-
dition within Asilidae (Hull, 1962; Papavero,
1973a; Oldroyd, 1974a) and this hypothesis is
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Fig. 131. Strict consensus topology as in figure 118, but taxon names substituted with zoogeographical
region and country of origin of specimens examined. Arrow indicates root of Asilidae.
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Fig. 131. Continued
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corroborated here as this state is optimized at
the root of Asilidae. It has been indepen-
dently reduced to a single palpomere at least
13 times in all Asilinae, Bathypogoninae,
Leptogastrinae, and Ommatiinae and at least
some taxa of Dasypogoninae, Dioctriinae,
Laphriinae, Stenopogoninae, Stichopogoni-
nae, Trigonomiminae, and Willistonininae
(see character 11).

Another character Hull (1962) and Papa-
vero (1973a) emphasized is the development
of the prosternum and its lateral fusion to the
proepisternum. Clements (1951: 14) studied
many species in detail and concluded that,
‘‘Examination of the prosternum in all
groups showed that too much variation
occurs for it to be used as a diagnostic or
supplementary character.’’ There is no doubt
that a diversity of shapes of the prosternum
exists among assassin flies, but they are of
value and can be easily delimited in five
distinct character states (see character 74;
figs. 66–69). Hardy (1948), Hull (1962), and
Papavero (1973a) concluded that a complete
broad prosternum, which is entirely fused to
the proepisternum, is the plesiomorphic
condition within Asilidae. This hypothesis is
corroborated here as this character state is
optimized at the root of Asilidae and a
separated prosternum is an apomorphic state
for taxon A. A complete prosternum is found
in all Mydidae and those Laphriinae which
form the basalmost clades, i.e., Hoplistomer-
ini, Laphystiini, Perasis, Protometer, Psilo-
curus, and Zabrops, as well as in all
Stichopogoninae and most Leptogastrinae
in a phylogenetically derived position
(fig. 66).

Adisoemarto and Wood (1975) considered
the acanthophorite spurs (character 174;
figs. 87, 91, 97) on the female ovipositor to
be a ground-pattern feature of Asiloidea and
Griffiths (1994) recognized them as an
autapomorphy of this taxon. Yeates (1994)
postulated that these spurs have actually
been derived independently within Bombylii-
dae and the remaining Asiloidea. Papavero
(1973a: 231) stated with regard to Asilidae
that

The primitive female terminalia has spines on
the acanthophorites; reduction of spines, fusion
of the two halves of the acanthophorites and
their subsequent elongation and modification

leads to the formation of the several types of
ovipositor presented by the different groups.
This character, like the prosternum, is extremely
important to determine the primitive branch-
ings of the family.

The presence of acanthophorite spurs is an
apomorphic character state for taxon C
because the spurs are absent in Asilinae,
Laphriinae, and Ommatiinae whereas they
are present in a less inclusive clade within
Asilidae (fig. 120). There are two equally
parsimonious explanations for the character
transformation. Because Apioceridae + My-
didae, as the sister group to Asilidae, possess
acanthophorite spurs, these spurs (1) are
reduced in the most recent common ancestor
of Asilidae and then originated as a novel
structure in the most recent common ances-
tor of taxon C (2 steps, fast optimization) or
(2) are independently reduced in Laphriinae
and taxon B (Asilinae + Ommatiinae),
respectively (2 steps, slow optimization).
Acanthophorite spurs are also absent in
taxon K (Dioctriinae + (Leptogastrinae +
Trigonomiminae)) and the absence is an
apomorphic character state for this speciose
clade. This highlights the fact that it is
important not to consider the absence of
spurs as the result of a single reduction, but
to allow for independent losses among
phylogenetically unrelated taxa of Asilidae.
In contrast to Papavero’s opinion (1973a),
this character is therefore not of great
importance to decipher the early cladogenesis
of Asilidae. Based on the taxon sampling
within the outgroup taxa, it appears that the
spurs have also been independently derived in
Bombylius major (Bombyliidae), Prorates sp.
(El Hacha) (Scenopinidae), and Phycus from-
meri (Therevidae).

Papavero (1973a: 231) postulated in refer-
ence to the presence of projections on the
prothoracic tibiae that, ‘‘This character is
very probably derived and monophyletic
[sic], as all the steps in its transformation
can still be traced. Genera presenting this
character were segregated under one subfam-
ily.’’ The pattern of evolution of this feature
occurred differently based on the present
phylogenetic hypothesis. The large spine on
the prothoracic tibiae is found in Dasypogo-
ninae as well as the Australian Brachyrhopa-
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lini and Chrysopogonini (Brachyrhopalinae)
(figs. 70, 121). A small S-shaped spur,
believed to be the intermediary stage by
Papavero (1973a; fig. 72), is present in There-
utria in the Dasypogoninae and Cophura,
Leptarthrus, and Nicocles of the Brachyrho-
palinae. This highlights the fact that the S-
shaped spur of Thereutria is homologous to
the large spine of other Dasypogoninae
although the shape has been transformed,
but not homologous to the S-shaped spur
found in Cophura, Leptarthrus, and Nicocles.
In fact, the present hypothesis based on 220
characters rejects the homology of the S-
shaped spur even among these three genera
as they do not form a clade. Furthermore, the
large spine of Dasypogoninae is not homol-
ogous to the one found in the Australian taxa
despite its morphological similarity. Interest-
ingly, Archilestris groups within Dasypogo-
ninae based on a suite of morphological
characters, but was excluded from this taxon
by Artigas and Papavero (1991) because of
the absence of tibial projections, which is
postulated here to be the result of the
reduction of this feature. It is shown here
that a taxon based on only the presence of
tibial projections is not recognizable as
monophyletic, and the delimitation of Dasy-
pogoninae is therefore adjusted.

Martin (1968) examined the lack of pulvilli
in Diptera in detail to support the hypothesis
that his Leptogastridae is more plesio-
morphic than the remaining Asilidae and
should therefore be grouped as a separate
family taxon. He stated, ‘‘On the basis of the
above discussion I suggest that the dipter-
ous tarsal segment without pulvilli is prim-
itive, and not homoplastic as Janssens
hypothesized when he used the term con-
vergent’’ (Martin, 1968: 81). This hypothe-
sis is not corroborated here because the
pulvilli are present in all outgroup taxa as
well as most Asilidae, and are reduced only
two independent times within Asilidae, i.e.,
once in the most recent common ancestor of
Leptogastrinae and probably once in the
most recent common ancestor of a subordi-
nate taxon of Willistonininae, as not all
Willistonininae lack pulvilli. Oldroyd (1969)
also provided a detailed rebuttal of the lack
of pulvilli in Diptera in response to Martin’s
study.

TRANSFORMATION SERIES WITHIN

MULTISTATE CHARACTERS

Thirty-one of the 106 multistate characters
could be considered to be part of an
evolutionary transformation series in con-
trast to the remaining multistate characters,
which are coded in this way for convenience
only as they deal with a particular character
system. One should keep in mind that any
multistate character can be recoded into a
suite of binary characters without losing any
information. Although these 31 ‘‘true’’ mul-
tistate characters could have been made
additive to restrict the transformation from
one state to another, all characters are treated
as nonadditive so that no constraints on
evolutionary transformation sequences are
imposed. The ‘‘true’’ multistate characters
are: 3 (vertex shape), 14 (stipites fusion), 19
(postmentum development), 23 (labella), 33
(hypopharynx dorsal protuberances), 40
(pharyngeal pump), 58 (stylus), 62 (ocellar
setae), 64 (compound eye margin), 65
(macrosetae on median occipital sclerite), 66
(postocular setae), 69 (antepronotal setae), 70
(lateral postpronotal setae), 72 (postpronotal
lobes), 73 (dorsal postpronotal setae), 83
(katatergal setae), 98 (apical scutellar setae),
102 (postmetacoxal bridge), 110 (setae on
mesothoracic tibia), 112 (setae on metatho-
racic coxa), 114 (setae on metathoracic
trochanter), 118 (fringe of parallel setae on
metathoracic femur and tibia), 127 (empo-
dium), 130 (alula), 153 (T2 length), 173 (T9–
10 fusion), 175 (spermathecae number), 181
(spermathecal reservoir), 202 (hypandrium
and gonocoxite fusion), 206 (gonostyli posi-
tion), and 214 (aedeagus prongs). Table 8
summarizes those 20 multistate characters
from the above list in which a transforma-
tion, for example, from state 0 to state 2 or
vice versa occurs while the intermediate state
1 is not observed (based on the character
optimization on the most parsimonious
topology in fig. 118). All of the remaining
11 characters exhibit an additive transforma-
tion including all character states.

When the 20 multistate characters of
table 8 are recoded to be additive the tree
length of the most parsimonious topology
increases from 2760 to 2834 steps. Many of
the characters are associated with setal
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TABLE 8
Summary of transformation of character states in 20 multistate characters based on most parsimonious topology

in figure 118
All optimizations unambiguous except where indicated with slow and fast

Character transfor-mation species/clades

3 vertex 0 » 2 root Asilidae

14 stipites fusion 0 » 2 root of taxon (Therevidae (Asilidae (Apioceridae + Mydidae)); once within

Asilinae; Rhabdogaster pedion; root Dioctriinae; twice within

Stenopogoninae; root Stichopogoninae

2 » 0 Phellus olgae (slow)

19 postmentum 0 » 2 root Therevidae; three times within Brachyrhopalinae; once within

Dasypogoninae

2 » 0 twice within Dasypogoninae

40 pharyngeal pump 0 » 2 Plesiomma sp. (Guanacaste)

58 stylus 1 » 3 root Brachyrhopalini

0 » 2 root of taxon (Scenopinidae (Apsilocephalidae (Therevidae (Asilidae

(Apioceridae + Mydidae)))))

64 compound eye 0 » 2 root Stichopogoninae

65 macrosetae median

occipital sclerite

0 » 2 Heteropogon manicatus; Acnephalum cylindricum + Sisyrnodytes sp.

(Gamka); Daspletis stenoura; Lycostommyia albifacies; Hyperechia

nigripennis; Megapoda labiata (fast); root Dasypogoninae

2 » 0 Archilestris magnificus

69 antepronotal setae 0 » 2 Acronyches maya (fast)

2 » 0 Opomydas townsendi (slow)

73 dorsal postpronotal

setae

0 » 2 Heteropogon manicatus + Metapogon punctipennis (fast)

2 » 0 Molobratia teutonus (slow)

83 katatergal setae 0 » 2 root Asilidae (slow); Gonioscelis ventralis + Stenopogon species (slow);

Phycus frommeri (slow); root of taxon (Therevidae (Asilidae (Apioceridae +
Mydidae)) (fast)

98 apical scutellar setae 2 » 0 once within Dasypogoninae; Michotamia aurata; Perasis transvaalensis;

Plesiomma sp. (Guanacaste); Protometer sp. (El Tuparro); Trichardis

effrena (slow)

102 postmetacoxal bridge 0 » 2 Townsendia albomacula (slow)

0 » 3 root Ommatiinae; Rhabdogaster pedion; Damalis sp. (Palatupana) (slow)

1 » 3 once within Laphriinae

110 setae on mesothoracic

tibia

2 » 0 root Leptogastrinae; four times within Asilinae (slow); twice within

Laphriinae; twice within Mydidae; Prorates sp. (Escalante)

0 » 2 once within Asilinae

130 alula 0 » 2 root of taxon comprising Oligopogon sp. (Cape Recife), Brachyrhopalinae,

Dioctriinae, Leptogastrinae, Stichopogoninae, and Trigonomiminae;

Goneccalypsis argenteoviridis + Loewinella nigripes

2 » 0 Damalis species (slow)

153 T2 length 0 » 2 root Leptogastrinae

175 spermathecae number 0 » 2 Mitrodetus dentitarsis

181 spermathecal reservoir 0 » 2 Brachyrhopala ruficornis + Cabasa pulchella (fast); Apoclea algira (slow);

once within Asilinae (slow)

2 » 0 once within Asilinae

202 hypandrium and

gonocoxite fusion

0 » 2 root of taxon comprising Leptogastrinae and Trigonomiminae; Trichoura

sp. (Tierberg)

2 » 0 Opomydas townsendi

206 gonostyli position 0 » 2 three times within Asilinae

2 » 0 root Asilinae (fast)

214 aedeagus prongs 0 » 2 twice within Asilinae (slow); twice within Laphriinae (slow); once within

Trigonomiminae

2 » 0 four times within Asilinae (fast); once within Laphriinae (fast)
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development where either no setae (state 0),
regular setae (state 1), or macrosetae (state 2)
are developed. When coded nonadditive, i.e.,
counting only one step from state 0 to state 2,
it is shown that macrosetae can evolve
without the prior existence of regular setae.
Similarly, a complete postmetacoxal bridge
(character 102) has evolved three indepen-
dent times within Asilidae from an entirely
membraneous postmetacoxal area (transfor-
mation from state 0 to state 3). These three
phylogenetically independent occurrences of
this particular transformation series indicate
that the same pattern can be derived by
different evolutionary processes if one ac-
knowledges that no fixed genetic basis is
responsible for the development of a post-
metacoxal bridge.

The development of the posterior com-
pound eye margin (character 64; figs. 58–60)
illustrates the independence of character
states. The distinctly sinuate eye of Sticho-
pogoninae (state 2; fig. 60) has evolved from
a straight or lightly curved eye margin (state
0; fig. 58) and the presumably intermediate
state (sinuate eye in ventral quarter; fig. 59) is
found only in some species of the phyloge-
netically unrelated Asilinae, Dasypogoninae,
and Willistonininae. Coding this character as
additive would not only increase the length of
the most parsimonious cladogram by one
step, it would also suggest that the most
recent common ancestor of Stichopogoninae
first evolved a slightly sinuate eye margin
(state 1) and then later, in a second evolu-
tionary event, developed a distinctly sinuate
eye margin (state 2). As this phylogenetic
analysis is based only on extant taxa and
actual phenotypical observations, there is no
justification to propose a particular sequence
of evolutionary transformations a priori. To
impose a particular additivity (or order) on
character states would assume that every
character state evolves with the same evolu-
tionary rate (homogeneity assumption of
molecular data) and evolutionary direction
no matter where they are optimized on the
cladogram. In some instances, e.g., fusion of
labella to prementum (character 23; figs. 31,
36), the transformation series from state 0 to
state 1 and finally to state 2 is optimized as
the most parsimonious solution, but in other
instances (see table 8) such a transformation

has not been observed in light of the
congruence test with all other included
characters.

PHYLOGENETIC PLACEMENT OF THE TWO

OLDEST KNOWN FOSSIL ROBBER FLIES

The two oldest extinct robber flies, i.e.,
Araripogon axelrodi Grimaldi, 1990, from the
Crato Formation of Brazil and an unde-
scribed species from New Jersey amber
(Grimaldi and Cumming, 1999), date to the
late Cretaceous and provide a minimum age
of Asilidae (see Introduction). Both species
have not yet been placed in any higher-level
taxon within Asilidae although Grimaldi and
Cumming (1999) suggested that the New
Jersey amber species shows similarities to
extant species of Leptogastrinae. Based on
the morphological study of the present
phylogenetic hypothesis a placement of these
two species in higher-level taxa is possible.
Apioceridae and Mydidae, as the sister taxon
to Asilidae, and Laphriinae and Asilinae +
Ommatiinae, as the two basalmost clades of
Asilidae, exhibit closed wing cells r1 and cup
(among other closed wing cells). In contrast,
all wing cells are open in Araripogon axelrodi
and therefore this species can be placed at the
root of clade C (see fig. 121). A more precise
placement within this clade is currently not
possible as additional information from other
morphological characters is needed. D. Gri-
maldi (personal commun.) has located addi-
tional fossil fragments of this species and
more character systems can be examined in
the future to help place Araripogon axelrodi.

The undescribed species from New Jersey
amber can be placed at the root of Leptogas-
trinae as has been suggested by Grimaldi and
Cumming (1999) (see fig. 121). Leptogastri-
nae, as here delimited, includes the genus
Acronyches, which shares characters with the
Leptogastrinae sensu stricto, but still retains
a few plesiomorphic features. Of the apo-
morphic character states delimiting Lepto-
gastrinae, the following are present in the
extinct species: seta-like spicules on hypo-
pharynx spaced far apart (33; fig. 43), ocellar
setae absent (62), presutural dorsocentral
setae absent (92). Additional characters
supporting the placement are the reduced
alula, the few mystacal setae, and the shape
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of the postpedicel. An autapomorphy of
Leptogastrinae sensu previous authors, i.e.,
anteriorly and medially extended postprono-
tal lobes (72; fig. 65), is neither present in the
fossil nor in Acronyches, which exhibit the
plesiomorphic state, corroborating the place-
ment of this extinct species at the root of
Leptogastrinae. Another character support-
ing this particular position is the shape of the
frons. The extinct species exhibits a parallel-
sided frons as also found in Leptogastrinae
sensu previous authors (see, e.g.; fig. 28)
whereas in Acronyches the frons is markedly
approximating at its dorsal margin. This can
be taken as evidence that the extinct species is
not more closely related to Acronyches (based
on the shape of the postpronotal lobes) than
to other Leptogastrinae sensu previous au-
thors.

Based on these two fossil species the
minimum age for a taxon composed of clade
C and its sister group Asilinae + Ommatiinae
can be postulated to be at least 110 Million
years (fig. 121). The minimum age for a clade
composed of Leptogastrinae and its sister
taxon Trigonomiminae can be postulated to
be at least 90 Million years (fig. 121).

SISTER GROUP TO THE ASILIDAE

As has been summarized in the introduc-
tion, there is no previous agreement regard-
ing which taxon represents the sister group to
Asilidae within Asiloidea. The present anal-
ysis, which includes 16 Asiloidea outgroup
taxa, supports a sister-group relationship
between Asilidae + (Apioceridae + Mydidae)
(figs. 118–121). Representatives of these
three taxa share the autapomorphic presence
of a lateral depression on the prothoracic
coxae (character 104). This depression is
absent only in Leptogastrinae among Asili-
dae, and Pseudonomoneura hirta among
Mydidae. Additional apomorphic character
states supporting the monophyly of this
taxon are: clypeal-facial margin forming a
distinct ridge (10; figs. 27–31), sensory pit in
distal maxillary palpomere absent (12), pro-
presternum square (76; fig. 66), upper calyp-
ter small (129), female spermathecal reservoir
not differentiated from spermathecal ducts
(same diameter) (180; fig. 100). The mono-
phyly of a taxon composed of these three

taxa is also supported by the presence of
muscles M5, M33, and M38 in the male
terminalia (Ovtshinnikova, 1989; Ovtshinni-
kova and Yeates, 1998) although these
characters are uninformative within this
clade. I believe that this sister-group rela-
tionship is well supported and it has been
independently postulated by Yeates and
Irwin (1996) in a morphological phylogenetic
analysis focused on Apioceridae.

Hennig (1973), Wood (1981), Woodley
(1989), and Yeates and Irwin (1996) dis-
cussed the depressed vertex in regard to these
three taxa and state that it could possibly be
informative for deciphering the sister-group
relationships. In the present analysis, I divide
the depressed vertex into two character states
(see character 3) and a sharply depressed
vertex of an angle of about 90u is optimized
at the root of Asilidae and found in all
Asilinae, Laphriinae, and Ommatiinae as
well as additional robber flies in clade C
(figs. 28, 120). A slightly depressed vertex is
found in about half of the species of taxon C
as well as among Mydidae with the exception
of Neorhaphiomidas and Rhaphiomidas
(figs. 27, 30). In these two Mydidae genera,
Apioceridae, and all remaining outgroup
taxa, the vertex is at the same level as the
median compound eye margin. Therefore,
the most parsimonious explanation is that the
slightly depressed vertex found in some
Asilidae of clade C and some Mydidae of a
less inclusive clade originated independently
as has been suggested previously by Woodley
(1989).

Apioceridae and Mydidae form a clade
supported by two autapomorphies, i.e., post-
genae with medial projection (16) and ante-
rior ocellus separate and situated anteriorly
(60; fig. 30), and additional apomorphic
character states (54: 5, 55: 1, 116: 1, 124: 0,
127: 2, 145: 0, 147: 0, 174: 1). The single
dorsal longitudinal ridge on the pulvilli (see
character 124) could be interpreted as anoth-
er autapomorphy of Apioceridae + Mydidae
as suggested by Yeates and Irwin (1996), as it
is only found outside of this taxon in
Megapodina (Dasypogoninae) and this is
certainly an independent reduction from
two ridges to one. Woodley (1989) and
Yeates and Irwin (1996) found that wing
veins R5 and M1 (see characters 145 and 147)
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terminate anterior to the wing apex in
Apioceridae and Mydidae (in some Mydidae
they do not reach the wing margin at all) and
this development is postulated to be an
autapomorphy. This is corroborated in the
present analysis as this arrangement of veins
is only found in the phylogenetically unrelat-
ed Nemestrinidae and a few Asilinae species.
Woodley (1989), Yeates and Irwin (1996),
and Yeates (2002) postulated the supernu-
merary rectal papillae as an autapomorphy
of this clade. Although it appears as if it
could be an important character, it has not
been examined in many species. Future
studies, including more Apioceridae, Mydi-
dae, but also Asilidae, are necessary. Other
autapomorphies postulated by Yeates and
Irwin (1996) for the clade Apioceridae +
Mydidae are: postpedicel ovate, empodium
absent, R4 not reaching costa, male epan-
drium divided into two halves, female T9
with dorsal ridge, female lateral margin of T9
joining ventrally (not investigated here).
Characters that are included in the present
analysis and corroborated as apomorphic
character states for Apioceridae + Mydidae
are: (1) empodium minute or entirely absent
(127, also found among several Asilidae
clades), (2) female T9 with dorsal ridge
(171), (3) divided epandrium (197, also found
among many Asilidae with the notable
exception of all Laphriinae and some addi-
tional taxa). R4 is found here to reach the
wing margin in the genera Apiocera and
Rhaphiomidas, but not in the remaining
Mydidae, therefore suggesting that this char-
acter is autapomorphic for a less inclusive
clade (see character 143). The phylogenetic
relationships between Apiocera, Neorhaphio-
midas, Rhaphiomidas, and remaining Mydi-
dae and family taxon delimitation proposed
by Yeates and Irwin (1996) are corroborated
here. Apioceridae is supported as monophy-
letic by the following apomorphic character
states: distal maxillary palpomere laterally
compressed and leaflike (13), stipites of
maxillae entirely fused medially (14), pros-
ternum and proepisternum not fused and
prosternum triangular with pointed tip (74),
male dorsal aedeagal sheath short and sperm
sac entirely free (215). Mydidae is character-
ized by a single autapomorphy, i.e., male
gonostyli absent (205), and a number of

apomorphic character states: maxillary pal-
pus one-segmented (11), maxillae shorter
than labrum (27), maxillae tapering gradually
toward tip (28), apical ‘‘seta-like’’ sensory
element apically in cavity on postpedicel (57),
postpronotal lobes only partly fused to
scutum and lobes elevated above scutum
posteriorly (71; fig. 63), cervical sclerite
extending medially to cover sensory area on
propresternum (77), cell d closed by M2 and
M3 and these veins not aligned (137), male
hypandrium reduced or not differentiated
(199), male hypandrium and gonocoxites
form gonocoxite-hypandrial complex (202),
male lateral ejaculatory process absent (213).

CONCLUSIONS

This study presents the most comprehen-
sive phylogenetic hypothesis for Asilidae.
The monophyly of Asilidae is supported
and a clade composed of Apioceridae +
Mydidae is established as the sister group to
robber flies. The Leptogastrinae is deeply
placed within Asilidae based on a suite of
morphological characters. This placement
refutes the hypothesis that Leptogastrinae
should be considered the sister-group to
assassin flies (sensu Martin, 1968; Papavero,
1973a; Bybee et al., 2004). The Laphriinae is
postulated to be the sister taxon to the
remaining robber flies and a number of
classificatory changes are made to accept
only monophyletic higher-level taxa.

It is hoped the present extensive phyloge-
netic analysis of Asilidae will be of value for
future studies dealing with the evolutionary
relationships within specific higher-level taxa.
The phylogenetic hypothesis highlights some
interesting taxa that are both adelphotaxa to
speciose clades and are biogeographically
restricted. Particular attention should be
directed to investigating the phylogenetic
relationships within Asilinae. The Brachyr-
hopalinae, which represents a conglomera-
tion of genera previously assigned to Dasy-
pogoninae and Stenopogoninae, is also of
interest and I suspect that many more genera
will have to be assigned to this taxon. All
genera classified by Geller-Grimm (2004) in
Apocleinae + Asilinae (174, of which 29 are
represented here), Dioctriinae (11, 6 repre-
sented here), Laphriinae + Laphystiinae (109,
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27 represented here), Leptogastrinae (18, 5
represented here), Ommatiinae (8, 4 repre-
sented here plus Afroestricus), Stichopogoni-
nae (11, 4 represented here), and Trigonomi-
minae (11, 4 represented here) can easily be
placed within the revised classification as all
of these taxa have been diagnosed sufficiently
to evaluate whether the remaining unstudied
genera are representatives of these monophy-
letic taxa. Fifty-nine genera of Dasypogoni-
nae and Stenopogoninae sensu previous
authors are represented in the present study
so that only 127 genera of these two taxa
remain to be addressed in future phylogenetic
analyses and placed within the higher-level
taxa proposed here. This, however, assumes
that all genera are monophyletic, which
should be another focus in future studies
employing phylogenetic methodology rather
than morphological similarity and biogeog-
raphy. Monophyly of speciose genera with
more than 200 described species, such as
Laphria, Leptogaster, Neolophonotus, Omma-
tius, and Promachus, or more than 100
species, e.g., Microstylum, Stenopogon, and
Stichopogon, should be tested.
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APPENDIX 1

Morphological matrix of 220 characters for 158 Asilidae species plus 17 outgroup taxa summarized in
FASTA format (footnote is on page 169)

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37

Neorhynchocephalus volaticus

0 1 0 0 0 0 - - 0 1 0 0 0 3 0 0 0 0 0 0 0 0 0 3 0 1 1 2 1 0 1 0 0 0 0 1 2

Bombylius major

0 1 0 0 0 0 - - 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 3 0 1 1 0 1 0 1 2 0 0 0 1 1

Poecilognathus sp. (El Hacha)

0 1 0 0 0 0 - - 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 0 1 1 0 1 0 0 2 0 0 0 1 1

Prorates sp. (Escalante)

0 1 0 0 0 0 - - 2 1 1 1 0 0 0 0 0 4 0 0 0 0 0 3 0 1 0 0 1 0 0 2 0 0 0 1 1

Apsilocephala longistyla

0 0 0 0 0 0 - - 2 1 1 1 0 0 0 0 0 4 0 0 0 0 0 3 1 1 1 2 1 0 0 2 0 0 0 1 1

Hemigephyra atra

0 0 0 0 0 0 - - 2 1 1 1 0 2 0 0 0 4 2 0 0 0 0 3 0 1 0 0 1 0 0 2 0 0 0 1 1

Phycus frommeri

0 0 0 0 0 0 - - 2 1 1 1 0 2 0 0 0 4 2 0 0 0 0 3 1 1 1 2 1 0 0 2 0 0 0 1 1

Nemomydas brachyrhynchus

0 0 1 4 2 1 3 0 0 0 0 0 0 0 0 0 0 4 0 0 0 0 0 3 1 1 0 2 1 0 0 2 0 0 0 1 1

Opomydas townsendi

0 0 1 4 2 1 3 0 0 0 0 1 0 0 0 0 0 4 0 0 0 0 0 3 1 1 0 2 1 0 0 2 0 0 0 1 1

Pseudonomoneura hirta

0 0 1 4 2 1 3 0 1 0 0 0 0 2 0 0 0 4 0 0 0 0 0 3 0 1 0 2 1 0 0 2 0 0 0 1 1

Afroleptomydas sp. (Clanwilliam)

0 0 1 4 2 1 3 0 2 0 0 0 0 0 0 0 0 4 0 0 0 0 0 3 0 1 0 2 1 0 0 2 0 0 0 1 1

Mydas clavatus

0 0 1 4 2 1 3 0 1 0 0 0 0 2 0 0 0 4 0 0 0 0 0 3 1 1 0 2 1 0 0 2 0 0 0 2 2

Mitrodetus dentitarsis

0 0 1 4 2 1 3 0 0 0 0 0 0 2 0 0 0 4 0 0 0 0 0 3 0 1 0 2 1 0 0 2 0 0 0 1 1

Rhaphiomidas maehleri

0 0 0 4 0 1 0 0 1 0 0 0 0 2 0 1 0 0 0 0 0 0 0 3 0 1 0 2 1 0 0 2 0 0 0 1 1

Neorhaphiomidas sp. (Mandurah)

0 0 0 0 0 0 - - 0 0 0 0 0 2 0 1 0 4 0 0 0 0 0 3 0 1 0 2 1 0 0 2 0 0 0 1 1

Apiocera aldrichi

0 0 0 0 0 0 - - 2 0 1 0 1 0 1 1 0 4 0 0 0 0 0 3 1 1 1 0 1 0 0 0 0 0 0 1 1

Apiocera painteri

0 0 0 0 0 0 - - 2 0 1 0 1 0 1 1 0 4 0 0 0 0 0 3 1 1 1 0 1 0 0 0 0 0 0 1 1

Apoclea algira

0 0 2 2 0 1 0 0 2 0 0 0 0 0 1 0 0 0 0 0 0 0 1 0 0 1 1 0 0 1 1 0 1 1 2 0 0

Philodicus tenuipes

0 0 2 2 0 1 1 0 2 0 0 0 0 0 1 0 0 0 0 0 0 0 1 0 0 1 1 0 0 1 1 0 1 1 2 0 0

Pogonioefferia pogonias

0 0 2 4 0 1 3 0 2 0 0 0 0 1 1 0 0 0 0 0 0 0 1 0 0 1 1 0 0 1 1 0 1 1 2 0 0

Proctacanthus philadelphicus

0 0 2 3 0 1 2 0 2 0 0 0 0 0 1 0 0 0 0 0 0 1 1 0 1 1 1 1 0 1 1 0 1 1 2 0 0

Promachus amastrus

0 0 2 2 0 1 1 0 2 0 0 0 0 0 1 0 0 0 0 0 0 0 1 0 0 1 1 0 0 1 1 0 1 1 2 0 0

Blepharotes splendidissimus

0 0 2 4 0 1 0 0 2 0 0 0 0 0 1 0 0 0 1 0 0 0 1 0 1 1 1 2 0 1 1 0 1 1 2 0 0

Dasophrys crenulatus

0 0 2 4 0 1 3 0 2 0 0 0 0 2 1 0 0 0 0 0 0 0 1 0 0 1 1 0 0 1 1 0 1 1 2 0 0

Eichoichemus pyrrhomystax

0 0 2 3 0 1 2 0 2 0 0 0 0 0 1 0 0 0 0 0 0 0 1 0 0 1 1 0 0 1 1 0 1 1 2 0 0

Lochmorhynchus albicans

0 0 2 3 0 1 2 0 2 0 0 0 0 0 1 0 0 0 0 0 0 0 1 0 0 1 1 0 0 1 1 0 1 1 2 0 0



38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60 61 62 63 64 65 66 67 68 69 70 71 72 73 74

Neorhynchocephalus volaticus

0 1 0 0 0 0 0 0 0 0 0 0 0 0 1 0 5 0 0 0 0 0 0 0 1 1 0 0 1 0 0 1 - 1 0 1 2

Bombylius major

0 0 - - 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 1 0 0 0 1 1 0 0 1 0 0 1 - 1 0 1 2

Poecilognathus sp. (El Hacha)

0 0 - - 0 0 3 0 0 0 0 0 0 0 1 0 1 1 0 4 3 - 0 0 1 1 0 0 1 0 0 1 - 1 0 1 2

Prorates sp. (Escalante)

0 1 1 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 1 2 0 0 0 0 0 0 0 0 0 0 2 - 1 1 2 0

Apsilocephala longistyla

0 1 1 1 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 1 0 0 0 0 0 0 0 2 0 0 2 - 0 0 1 0

Hemigephyra atra

0 1 1 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 0 1 2 0 0 0 0 0 0 0 2 0 1 2 1 0 0 2 1

Phycus frommeri

0 1 1 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 0 0 1 0 0 0 1 0 0 0 2 0 1 2 1 0 0 1 1

Nemomydas brachyrhynchus

0 0 - - 0 1 2 0 0 0 0 0 0 1 0 0 3 0 1 4 3 - 1 1 0 1 0 0 1 0 1 1 1 1 0 1 0

Opomydas townsendi

0 0 - - 0 1 2 0 0 0 0 0 0 1 0 0 3 1 1 4 3 - 1 1 0 1 0 0 1 0 1 0 1 1 0 1 0

Pseudonomoneura hirta

0 0 - - 0 1 2 0 0 0 0 0 0 1 0 0 3 0 1 4 3 - 1 1 0 1 0 0 1 0 1 1 1 1 0 1 0

Afroleptomydas sp. (Clanwilliam)

0 0 - - 0 1 2 0 0 0 0 0 0 1 0 0 3 0 1 4 3 - 1 1 0 1 0 0 2 0 1 1 1 1 0 1 0

Mydas clavatus

0 0 - - 0 1 2 0 0 0 0 0 0 1 0 0 3 0 1 4 3 - 1 1 0 1 0 0 1 0 1 1 1 1 0 1 0

Mitrodetus dentitarsis

0 0 - - 0 1 2 0 0 0 0 0 0 1 0 0 3 0 1 4 3 - 1 1 1 1 0 0 1 0 1 1 1 1 0 1 0

Rhaphiomidas maehleri

0 1 1 0 0 0 0 0 0 0 0 0 0 1 0 0 2 1 0 4 3 - 1 0 1 0 0 0 2 0 1 2 2 1 0 2 0

Neorhaphiomidas sp. (Mandurah)

1 1 1 0 0 0 0 0 0 0 0 0 0 0 1 0 5 1 0 4 3 - 1 0 1 0 0 0 2 0 1 2 1 1 0 1 0

Apiocera aldrichi

0 1 1 0 0 0 0 0 0 0 0 0 0 0 1 0 5 1 0 0 2 0 1 0 1 0 0 0 2 0 1 2 2 0 0 2 2

Apiocera painteri

0 1 1 0 0 0 0 0 0 0 0 0 0 0 1 0 5 1 0 0 2 0 1 0 1 0 0 0 2 0 1 2 2 0 0 2 2

Apoclea algira

1 1 1 0 0 0 0 0 1 0 0 1 0 1 1 0 0 1 0 0 2 0 0 0 2 0 1 0 2 0 1 2 1 0 1 1 2

Philodicus tenuipes

1 1 1 0 0 0 0 0 1 0 0 1 0 1 1 0 5 1 0 0 2 0 0 0 1 0 1 0 2 0 1 2 1 0 1 1 2

Pogonioefferia pogonias

1 1 1 0 0 0 0 0 1 0 0 1 0 1 1 0 5 1 0 0 2 0 0 0 2 0 1 0 2 0 1 2 1 0 1 1 2

Proctacanthus philadelphicus

1 1 1 0 0 0 0 0 0 0 0 1 0 1 1 0 5 1 0 0 1 0 0 0 2 0 1 0 2 0 1 2 2 0 1 2 2

Promachus amastrus

1 1 1 0 0 0 0 0 1 0 0 1 0 1 1 0 5 1 0 0 2 0 0 0 2 0 1 0 2 0 1 2 1 0 1 1 2

Blepharotes splendidissimus

1 1 1 0 0 0 0 0 0 0 0 1 0 1 1 0 0 1 0 0 2 0 0 0 1 0 0 0 2 0 1 2 1 0 1 1 2

Dasophrys crenulatus

1 1 1 0 0 0 0 0 0 0 0 0 0 1 1 0 5 1 0 0 1 0 0 0 1 0 1 0 2 1 1 2 1 0 1 1 2

Eichoichemus pyrrhomystax

1 1 1 0 0 0 0 0 1 0 0 1 0 1 1 0 5 0 0 0 2 0 0 0 2 0 1 0 2 0 1 2 1 0 1 1 2

Lochmorhynchus albicans

1 1 1 0 0 0 0 0 0 0 0 1 0 1 1 0 5 1 0 0 2 0 0 0 2 0 1 0 2 0 1 2 1 0 1 1 2
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75 76 77 78 79 80 81 82 83 84 85 86 87 88 89 90 91 92 93 94 95 96 97 98 99 100 101 102 103 104 105 106 107 108 109 110 111

Neorhynchocephalus volaticus

0 0 1 1 1 0 0 0 1 0 1 1 0 0 1 0 0 0 0 0 0 2 1 1 1 1 1 0 0 0 0 0 - 0 0 0 0

Bombylius major

0 0 0 1 1 0 0 0 1 0 1 1 0 0 1 0 0 0 0 0 0 1 1 1 1 0 0 0 1 0 0 0 - 0 0 2 0

Poecilognathus sp. (El Hacha)

0 0 0 1 0 0 0 0 0 0 1 0 0 0 1 0 0 0 1 0 0 1 1 1 1 0 0 0 0 0 0 0 - 0 0 2 0

Prorates sp. (Escalante)

0 1 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 - 0 0 0 0

Apsilocephala longistyla

0 0 0 0 1 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 0 1 1 2 1 0 0 0 0 0 0 0 - 0 0 2 0

Hemigephyra atra

0 0 0 0 0 0 0 0 1 0 0 0 0 1 1 1 1 0 0 0 0 1 1 2 0 0 0 0 0 0 0 0 - 0 0 2 0

Phycus frommeri

0 0 0 1 0 0 0 0 2 0 0 0 0 2 1 1 1 0 1 1 0 1 1 2 1 0 0 0 0 0 0 0 - 0 0 2 0

Nemomydas brachyrhynchus

1 2 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 1 1 0 0 1 0 0 - 0 0 0 0

Opomydas townsendi

1 2 1 0 0 0 0 1 0 0 0 1 0 0 0 0 0 1 1 1 0 2 0 1 1 1 1 0 0 1 0 0 - 0 0 2 0

Pseudonomoneura hirta

1 2 1 0 0 0 0 1 1 0 0 1 0 0 0 0 0 1 0 1 0 2 0 0 0 1 1 0 0 0 0 0 - 0 0 2 0

Afroleptomydas sp. (Clanwilliam)

1 2 1 0 0 0 0 1 1 0 0 1 0 0 0 0 0 1 1 1 0 2 0 0 0 1 1 0 0 1 0 0 - 0 0 2 0

Mydas clavatus

1 2 1 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 2 0 0 1 1 1 0 0 1 0 0 - 0 0 2 0

Mitrodetus dentitarsis

1 2 1 0 0 0 0 1 0 0 0 1 0 0 0 0 0 1 1 1 0 1 0 0 1 1 1 0 0 1 0 0 - 0 0 2 0

Rhaphiomidas maehleri

0 1 1 0 1 0 1 0 0 1 0 0 0 3 1 1 1 0 1 1 0 1 1 2 1 0 0 0 0 1 0 0 - 0 0 2 0

Neorhaphiomidas sp. (Mandurah)

1 1 1 1 1 0 0 1 1 1 0 0 0 0 0 0 0 1 1 1 0 2 1 1 1 1 1 0 0 1 0 0 - 0 0 0 0

Apiocera aldrichi

0 1 0 0 1 0 0 0 0 0 0 0 0 3 1 1 1 0 1 1 0 1 1 2 1 0 0 0 0 1 0 0 - 0 0 2 0

Apiocera painteri

0 1 0 0 0 0 0 0 0 0 0 0 0 3 1 1 1 0 1 1 0 1 1 2 1 0 0 0 0 1 0 0 - 0 0 2 0

Apoclea algira

0 1 0 1 1 0 1 0 2 0 2 0 0 3 1 1 1 0 1 1 0 2 1 2 1 0 1 0 0 1 1 0 - 0 1 1 0

Philodicus tenuipes

0 1 0 0 1 0 1 0 2 0 2 1 0 2 1 1 1 0 1 1 0 1 1 2 1 0 1 1 0 1 1 0 - 0 1 1 0

Pogonioefferia pogonias

0 1 0 1 1 0 0 0 2 0 1 1 0 2 1 1 1 1 1 1 0 1 1 2 1 0 1 0 0 1 1 0 - 0 1 0 0

Proctacanthus philadelphicus

0 1 0 1 1 0 0 0 2 0 1 1 0 2 1 1 1 0 1 1 0 1 1 2 1 0 1 0 0 1 1 0 - 0 1 2 0

Promachus amastrus

0 1 0 1 1 0 1 0 2 0 2 1 0 2 1 1 1 1 1 1 0 1 1 2 1 0 1 1 0 1 1 0 - 0 1 2 0

Blepharotes splendidissimus

0 1 0 0 1 0 1 0 2 0 1 1 0 2 1 1 1 0 1 1 0 1 1 2 1 0 1 0 0 1 1 0 - 0 1 0 0

Dasophrys crenulatus

0 1 0 1 1 0 0 0 2 0 1 1 0 2 1 1 1 1 1 1 0 1 1 2 1 0 1 0 0 1 1 0 - 0 1 2 0

Eichoichemus pyrrhomystax

0 1 0 1 1 0 0 0 2 0 1 1 0 2 1 1 1 1 1 1 0 1 1 2 1 0 1 0 0 1 1 0 - 0 1 2 0

Lochmorhynchus albicans

0 1 0 1 1 0 0 0 2 0 1 1 0 3 1 1 1 0 1 1 0 1 1 1 1 0 1 0 0 1 1 0 - 0 1 1 0
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112 113 114 115 116 117 118 119 120 121 122 123 124 125 126 127 128 129 130 131 132 133 134 135 136 137 138 139 140 141 142 143 144 145 146 147 148

Neorhynchocephalus volaticus

1 0 1 0 0 0 0 0 1 1 1 1 1 0 0 - 0 0 0 0 0 4 0 1 0 3 - 0 0 0 0 0 0 0 0 0 1

Bombylius major

1 0 1 0 1 0 0 0 1 1 1 1 1 0 0 1 0 0 0 0 0 1 1 - 0 - 1 1 0 0 0 0 1 1 0 1 0

Poecilognathus sp. (El Hacha)

1 0 1 0 0 0 0 0 1 1 1 1 1 0 0 1 0 1 0 0 0 1 0 - 1 - 1 1 0 0 0 0 0 1 1 1 0

Prorates sp. (Escalante)

0 1 1 0 0 0 0 0 1 1 1 1 1 0 0 2 0 1 0 0 0 1 0 0 1 2 1 0 1 0 0 0 0 1 0 1 0

Apsilocephala longistyla

2 1 1 0 0 0 0 0 1 1 1 1 1 0 0 0 0 1 1 0 0 0 0 1 1 0 0 0 0 0 0 0 0 1 1 1 0

Hemigephyra atra

2 1 2 0 0 0 0 0 1 1 1 1 1 0 0 0 0 1 0 0 0 1 0 1 1 0 0 0 1 0 0 0 0 1 0 1 0

Phycus frommeri

1 1 1 0 0 0 0 0 1 1 1 1 1 0 0 0 0 1 0 0 0 1 0 1 1 0 0 0 0 1 0 0 0 1 0 1 0

Nemomydas brachyrhynchus

1 0 1 0 1 0 0 0 0 0 0 1 0 0 0 2 0 0 0 1 1 4 0 1 1 3 2 0 4 0 0 3 0 2 1 0 1

Opomydas townsendi

1 0 2 0 1 0 0 0 1 0 1 1 0 0 0 2 0 0 0 1 1 4 0 1 1 3 2 0 0 0 0 3 0 2 1 0 1

Pseudonomoneura hirta

1 0 1 0 1 0 0 0 0 0 0 1 0 0 0 2 0 0 0 1 1 4 1 1 1 3 2 0 4 0 0 3 0 2 1 2 1

Afroleptomydas sp. (Clanwilliam)

1 0 1 0 2 0 0 0 0 0 0 1 0 0 0 2 0 0 0 1 1 4 0 1 1 3 2 0 4 0 0 3 0 2 1 0 1

Mydas clavatus

1 0 1 1 2 0 0 1 0 0 0 1 0 0 0 2 0 0 0 1 1 4 0 1 1 3 2 0 0 0 0 3 0 2 0 0 1

Mitrodetus dentitarsis

1 0 1 0 1 0 0 0 0 0 1 1 0 0 0 2 0 0 0 1 1 4 1 1 1 3 2 0 4 2 0 3 0 2 0 0 1

Rhaphiomidas maehleri

2 0 0 0 1 0 0 0 1 1 1 1 0 0 0 2 0 0 0 1 0 4 0 1 1 3 2 0 0 0 0 0 0 0 0 0 0

Neorhaphiomidas sp. (Mandurah)

1 0 1 0 1 0 0 0 1 1 1 1 0 0 0 2 0 0 0 1 1 4 1 1 1 3 0 0 4 2 0 3 0 2 0 0 1

Apiocera aldrichi

2 1 1 0 1 0 0 0 1 1 1 1 0 0 0 2 0 0 0 1 0 0 0 1 1 2 1 0 0 0 0 0 0 0 0 0 0

Apiocera painteri

2 1 1 0 1 0 0 0 1 1 1 1 0 0 0 2 0 0 0 1 0 0 0 1 1 2 1 0 0 0 0 0 0 0 0 0 0

Apoclea algira

2 0 2 0 1 0 0 0 0 0 1 1 1 0 0 0 0 0 0 1 0 1 1 1 1 2 0 0 0 0 0 0 0 1 1 1 0

Philodicus tenuipes

2 0 2 0 1 0 0 0 0 0 1 1 1 0 0 0 0 0 0 1 0 1 0 1 1 2 0 0 0 1 0 0 0 1 2 1 0

Pogonioefferia pogonias

2 0 2 0 1 0 0 0 1 0 1 1 1 0 0 0 0 0 0 1 0 3 0 1 1 2 0 0 0 0 0 0 0 0 1 1 0

Proctacanthus philadelphicus

2 0 2 0 1 0 0 0 0 0 1 1 1 0 0 0 0 0 0 1 0 3 0 1 1 2 0 0 0 0 0 0 0 0 0 1 0

Promachus amastrus

2 0 2 0 1 0 0 0 0 1 1 1 1 0 0 1 0 0 0 1 0 1 0 1 1 2 0 0 0 0 0 0 0 1 2 1 0

Blepharotes splendidissimus

2 0 2 0 1 0 0 0 0 0 0 1 1 0 0 0 0 0 0 1 0 3 0 1 1 2 0 0 0 2 0 0 0 1 0 1 0

Dasophrys crenulatus

1 0 2 0 1 0 0 0 0 1 1 1 1 0 0 0 0 0 0 1 0 0 0 1 1 2 1 0 0 0 0 0 0 1 0 1 0

Eichoichemus pyrrhomystax

2 0 2 0 1 0 0 0 0 0 1 1 1 0 1 0 0 0 0 1 0 3 0 1 1 2 0 0 0 0 0 0 0 1 2 1 0

Lochmorhynchus albicans

2 0 2 0 1 0 0 0 0 0 1 1 1 0 0 0 0 0 0 1 0 3 0 1 1 2 1 0 0 0 0 0 0 0 0 1 0
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149 150 151 152 153 154 155 156 157 158 159 160 161 162 163 164 165 166 167 168 169 170 171 172 173 174 175 176 177 178 179 180 181 182 183 184 185

Neorhynchocephalus volaticus

1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0 0 1 0 3 2 0 0 0 0

Bombylius major

0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 8 1 2 1 1 0 0 0 1 1 3 2 0 0 0 0

Poecilognathus sp. (El Hacha)

0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 - 0 2 0 0 0 0 1 1 1 1 0 0 0 0

Prorates sp. (Escalante)

0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 - 2 2 1 ? ? ? ? ? ? ? ? 0 0 0

Apsilocephala longistyla

1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 - 0 2 0 0 0 0 1 1 3 2 0 0 0 2

Hemigephyra atra

1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 7 - 0 2 0 1 0 0 1 1 3 1 0 0 1 0

Phycus frommeri

1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 7 1 2 2 1 0 0 0 1 1 3 1 0 0 0 0

Nemomydas brachyrhynchus

1 0 0 0 0 0 1 0 0 0 0 ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ?

Opomydas townsendi

1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 2 2 2 1 0 1 0 1 1 0 1 0 0 1 3

Pseudonomoneura hirta

1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 2 2 2 1 1 0 0 0 0 0 1 0 0 0 3

Afroleptomydas sp. (Clanwilliam)

1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 2 2 2 1 1 0 0 0 1 0 1 0 0 0 3

Mydas clavatus

1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 - 0 2 0 0 0 0 0 1 0 0 0 0 0 0

Mitrodetus dentitarsis

1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 2 2 2 1 2 - - 0 0 1 2 0 0 0 1

Rhaphiomidas maehleri

1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 2 2 2 1 0 0 0 1 0 1 0 0 0 1 0

Neorhaphiomidas sp. (Mandurah)

1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 1 0 2 2 2 1 ? ? ? ? ? ? ? ? 0 0 1

Apiocera aldrichi

1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 1 4 2 2 2 1 0 ? 0 1 1 ? ? 0 0 0 0

Apiocera painteri

1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 1 7 2 2 2 1 0 ? 0 1 1 ? ? 0 0 0 0

Apoclea algira

1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 2 - 0 2 2 0 0 1 0 0 3 2 0 1 0 1

Philodicus tenuipes

1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 2 - 0 2 2 0 0 1 0 0 1 1 0 1 0 1

Pogonioefferia pogonias

1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 3 - 0 2 0 0 0 0 1 1 1 1 0 0 0 1

Proctacanthus philadelphicus

1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 2 - 0 2 2 1 0 0 1 1 3 2 0 1 0 1

Promachus amastrus

1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 - 1 2 0 0 0 1 1 0 0 0 0 1 0 1

Blepharotes splendidissimus

1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 - 0 2 0 0 0 0 1 1 1 0 0 0 0 1

Dasophrys crenulatus

1 0 0 0 0 0 0 0 0 0 0 1 1 1 0 0 0 0 0 2 0 3 - 0 2 0 0 0 0 1 0 1 0 0 1 0 1

Eichoichemus pyrrhomystax

1 0 0 1 0 0 0 0 0 0 0 1 1 1 1 0 0 0 0 2 0 3 - 0 2 0 0 0 0 1 1 3 2 0 ? 0 1

Lochmorhynchus albicans

1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 3 - 0 2 0 0 0 0 1 1 3 2 0 1 0 1
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186 187 188 189 190 191 192 193 194 195 196 197 198 199 200 201 202 203 204 205 206 207 208 209 210 211 212 213 214 215 216 217 218 219 220

Neorhynchocephalus volaticus

0 0 0 0 0 0 0 1 0 0 0 0 0 2 0 0 2 0 0 1 2 0 0 1 0 0 0 2 0 1 0 0 0 0 1

Bombylius major

0 0 0 0 0 0 0 0 0 1 0 0 0 1 - 0 1 0 0 1 2 0 1 0 0 0 0 2 0 0 0 0 1 0 0

Poecilognathus sp. (El Hacha)

0 0 0 0 0 0 0 1 0 0 0 0 0 1 - 0 1 0 0 1 2 0 0 0 0 0 0 2 0 0 0 0 1 0 0

Prorates sp. (Escalante)

0 0 0 0 0 0 0 0 0 0 0 1 0 2 0 0 1 0 2 1 2 0 0 0 0 0 0 1 0 1 0 1 1 1 0

Apsilocephala longistyla

0 0 0 0 0 0 0 0 0 0 0 0 2 1 - 0 1 0 0 1 2 0 0 0 0 0 0 1 0 0 0 0 0 0 0

Hemigephyra atra

0 0 0 0 0 0 0 0 0 0 0 0 0 0 - 0 0 0 1 1 2 0 0 0 0 0 0 1 0 1 0 1 1 1 0

Phycus frommeri

0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 1 1 2 0 0 0 0 0 0 1 0 1 0 1 1 1 0

Nemomydas brachyrhynchus

0 0 0 0 0 0 1 5 0 0 0 1 0 2 0 0 2 0 0 0 - - 0 0 0 0 0 0 0 1 0 1 1 - 0

Opomydas townsendi

0 0 0 0 0 0 1 5 0 0 0 0 0 1 - 0 0 0 1 0 - - 0 0 0 0 0 0 0 1 0 1 0 - 0

Pseudonomoneura hirta

0 0 0 0 0 0 1 5 0 0 0 1 0 2 0 0 2 0 0 0 - - 0 0 0 0 0 0 0 0 0 0 0 - 0

Afroleptomydas sp. (Clanwilliam)

0 0 0 0 0 0 1 0 0 0 0 0 0 2 0 0 2 0 0 0 - - 0 0 0 0 0 0 1 1 0 1 1 - 0

Mydas clavatus

0 0 0 0 0 0 1 5 0 0 0 1 0 2 0 0 2 0 1 0 - - 0 0 0 0 0 0 0 1 0 1 1 - 0

Mitrodetus dentitarsis

0 0 0 0 0 0 1 0 0 0 0 1 0 2 0 0 2 0 1 0 - - 0 0 0 1 0 2 0 1 0 1 1 1 0

Rhaphiomidas maehleri

0 0 0 0 0 0 0 0 0 0 0 1 0 2 0 0 2 0 1 0 - - 0 0 0 0 0 0 0 1 0 1 1 - 0

Neorhaphiomidas sp. (Mandurah)

0 0 0 0 0 0 0 5 0 0 0 1 0 2 0 0 2 0 1 0 - - 1 0 0 0 0 0 0 1 0 1 1 - 0

Apiocera aldrichi

0 0 0 0 0 0 0 0 0 0 0 1 0 1 - 0 1 0 1 1 1 0 0 0 0 0 0 1 0 0 0 1 1 0 0

Apiocera painteri

0 0 0 0 0 0 0 0 0 0 0 1 0 1 - 0 1 0 1 1 1 0 0 0 0 0 0 1 0 0 0 1 1 0 0

Apoclea algira

1 1 1 1 1 0 0 0 0 0 0 1 0 0 - 1 0 0 2 1 0 0 0 1 0 0 0 0 2 1 0 1 0 - 0

Philodicus tenuipes

1 1 1 1 0 0 0 0 0 0 0 1 0 0 - 1 0 0 2 1 0 0 0 1 0 0 0 0 2 1 0 1 0 - 0

Pogonioefferia pogonias

0 0 0 0 0 0 0 0 0 0 1 1 0 0 - 2 0 0 0 1 0 0 0 1 0 0 0 0 2 1 0 1 0 - 0

Proctacanthus philadelphicus

0 0 0 0 0 0 0 0 0 0 0 1 0 0 - 1 0 0 1 1 0 0 0 0 0 0 0 0 1 1 0 1 0 - 0

Promachus amastrus

1 1 1 1 1 0 0 0 0 0 0 1 0 0 - 1 0 0 2 1 0 0 0 0 0 0 0 0 2 1 0 1 1 - 0

Blepharotes splendidissimus

0 0 0 0 0 0 0 0 0 0 0 1 0 0 - 1 0 0 1 1 2 0 0 0 0 0 0 0 0 1 0 1 1 - 0

Dasophrys crenulatus

1 1 1 0 0 0 0 0 0 0 0 1 0 0 - 1 0 0 1 1 0 0 0 0 0 0 0 0 0 1 0 1 1 - 0

Eichoichemus pyrrhomystax

1 1 0 0 0 0 0 0 0 0 1 1 0 0 - 1 0 0 1 1 0 0 0 0 0 0 0 0 2 1 0 1 1 - 0

Lochmorhynchus albicans

0 0 0 0 0 0 0 0 1 0 0 1 0 0 - 1 0 0 1 1 0 0 0 0 0 0 0 0 2 1 0 1 1 - 0
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1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37

Megaphorus pulchrus

0 0 2 2 0 1 3 0 2 0 0 0 0 1 1 0 0 0 0 0 0 0 1 0 0 1 1 0 0 1 1 0 1 1 2 0 0

Myaptex brachyptera

0 0 2 2 0 1 1 0 2 0 0 0 0 2 1 0 0 0 0 0 0 0 1 0 0 1 1 0 0 1 1 0 1 1 2 0 0

Neolophonotus bimaculatus

0 0 2 4 0 1 3 0 2 0 0 0 0 0 1 0 0 0 0 0 0 0 1 0 0 1 1 0 0 1 1 0 1 1 2 0 0

Nomomyia murina

0 0 2 3 0 1 2 0 2 0 0 0 0 2 1 0 0 0 0 0 0 0 1 0 0 1 1 0 0 1 1 0 1 1 2 0 0

Asilus crabroniformis

0 0 2 2 0 1 1 0 2 0 0 0 0 0 1 0 0 0 0 0 0 0 1 1 1 1 1 0 1 1 1 0 1 1 2 0 0

Asilus sericeus

0 0 2 2 0 1 1 0 2 0 0 0 0 0 1 0 0 0 0 0 0 0 1 0 0 1 1 0 0 1 1 0 1 1 2 0 0

Satanas gigas

0 0 2 3 0 1 2 0 2 0 0 0 0 1 1 0 0 0 0 0 0 0 1 1 1 1 1 0 0 1 1 0 1 1 2 0 0

Lycomya germainii

0 0 2 1 0 1 0 0 2 0 0 0 0 1 1 0 0 1 0 0 0 0 1 0 0 1 1 0 0 1 1 0 1 1 2 0 0

Machimus chrysitis

0 0 2 3 0 1 2 0 2 0 0 0 0 1 1 0 0 0 0 0 0 0 1 0 0 1 1 0 0 1 1 0 1 1 2 0 0

Machimus occidentalis

0 0 2 3 0 1 2 0 2 0 0 0 0 1 1 0 0 0 0 0 0 0 1 0 0 1 1 0 0 1 1 0 1 1 2 0 0

Neomochtherus pallipes

0 0 2 2 0 1 1 0 2 0 0 0 0 0 1 0 0 0 0 0 0 0 1 0 0 1 1 0 0 1 1 0 1 1 2 0 0

Afromochtherus mendax

0 0 2 2 0 1 1 0 2 0 0 0 0 1 1 0 0 0 0 0 0 0 1 0 0 1 1 0 0 1 1 0 1 1 2 0 0

Dysmachus trigonus

0 0 2 3 0 1 2 0 2 0 0 0 0 1 1 0 0 0 0 0 0 0 1 0 0 1 1 0 0 1 1 0 1 1 2 0 0

Philonicus albiceps

0 0 2 2 0 1 1 0 2 0 0 0 0 1 1 0 0 0 0 0 0 0 1 0 0 1 1 0 0 1 1 0 1 1 2 0 0

Clephydroneura sundaica

0 0 2 2 0 1 1 0 2 0 0 0 0 0 1 0 0 0 0 0 0 0 1 0 0 1 1 0 0 1 1 0 1 1 2 0 0

Clephydroneura sp. (Kepong)

0 0 2 2 0 1 1 0 2 0 0 0 0 0 1 0 0 0 0 0 0 0 1 0 0 1 1 0 0 1 1 0 1 1 2 0 0

Colepia rufiventris

0 0 2 3 0 1 2 0 2 0 0 0 0 1 1 0 0 0 0 0 0 0 1 0 0 1 1 0 1 1 1 0 1 1 2 0 0

Congomochtherus inachus

0 0 2 2 0 1 1 0 2 0 0 0 0 1 1 0 0 0 0 0 0 0 1 0 0 1 1 0 0 1 1 0 1 1 2 0 0

Heligmonevra laevis

0 0 2 2 0 1 1 0 2 0 0 0 0 1 1 0 0 0 0 0 0 0 1 0 0 1 1 0 0 1 1 0 1 1 2 0 0

Neoitamus cyanurus

0 0 2 2 0 1 1 0 2 0 0 0 0 0 1 0 0 0 0 0 0 0 1 0 0 1 1 0 0 1 1 0 1 1 2 0 0

Threnia carbonaria

0 0 2 3 0 1 2 0 2 0 0 0 0 1 1 0 0 0 0 0 0 0 1 0 0 1 1 0 0 1 1 0 1 1 2 0 0

Tolmerus atricapillus

0 0 2 3 0 1 2 0 2 0 0 0 0 1 1 0 0 0 0 0 0 0 1 0 0 1 1 0 0 1 1 0 1 1 2 0 0

Zosteria rosevillensis

0 0 2 2 0 1 1 0 2 0 0 0 0 0 1 0 0 0 0 0 0 0 1 0 0 1 1 0 0 1 1 0 1 1 2 0 0

Blepharepium cajennensis

0 0 1 2 0 1 0 0 2 0 0 1 0 0 1 0 0 2 1 0 0 0 2 1 1 - 1 1 1 1 1 1 1 1 1 0 1

Brachyrhopala ruficornis

0 0 2 1 0 1 1 0 2 0 1 1 0 0 1 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 1

Cabasa pulchella

0 0 2 1 0 1 0 0 2 0 1 1 0 0 1 0 0 0 0 0 0 1 1 1 1 0 1 1 1 1 1 1 1 1 1 0 1
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38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60 61 62 63 64 65 66 67 68 69 70 71 72 73 74

Megaphorus pulchrus

1 1 1 0 0 0 0 0 1 0 0 0 0 1 1 0 0 0 0 0 2 0 0 0 1 0 1 0 1 0 1 1 1 0 1 1 2

Myaptex brachyptera

1 1 1 0 0 0 0 0 1 0 0 0 0 1 1 0 0 1 0 0 1 0 0 0 2 0 1 0 2 0 1 2 1 0 1 1 2

Neolophonotus bimaculatus

1 1 1 0 0 0 0 0 1 0 0 0 0 1 1 0 0 1 0 0 1 0 0 0 2 0 1 0 2 1 1 2 1 0 1 1 2

Nomomyia murina

1 1 1 0 0 0 0 0 0 0 0 1 0 1 1 0 0 1 0 0 1 0 0 0 1 0 1 0 2 0 1 1 1 0 1 1 2

Asilus crabroniformis

1 1 1 0 0 0 0 0 0 0 0 1 0 1 1 0 0 1 0 0 1 0 0 0 2 0 1 0 2 0 1 2 1 0 1 1 1

Asilus sericeus

1 1 1 0 0 0 0 0 0 0 0 1 0 1 1 0 0 0 0 0 2 0 0 0 1 0 1 0 2 0 1 2 1 0 1 1 1

Satanas gigas

1 1 1 0 0 0 0 0 0 0 0 1 0 1 1 0 0 1 0 0 1 0 0 0 2 0 0 0 2 0 1 2 2 0 1 1 1

Lycomya germainii

1 1 1 0 0 0 0 0 0 0 0 1 0 1 1 0 1 1 0 0 1 0 0 0 2 0 0 0 2 0 1 2 1 0 1 1 2

Machimus chrysitis

1 1 1 0 0 0 0 0 1 0 0 0 0 1 1 0 0 1 0 0 1 0 0 0 2 0 1 0 2 0 1 2 1 0 1 1 1

Machimus occidentalis

1 1 1 0 0 0 0 0 1 0 0 0 0 1 1 0 0 1 0 0 1 0 0 0 1 0 1 0 2 0 1 2 1 0 1 1 1

Neomochtherus pallipes

1 1 1 0 0 0 0 0 0 0 0 0 0 1 1 0 0 1 0 0 1 0 0 0 1 0 1 0 2 0 1 2 1 0 1 1 1

Afromochtherus mendax

1 1 1 0 0 0 0 0 0 0 0 1 0 1 1 0 0 1 0 0 1 0 0 0 2 0 1 0 2 0 1 2 1 0 1 1 1

Dysmachus trigonus

1 1 1 0 0 0 0 0 1 0 0 0 0 1 1 0 0 1 0 0 1 0 0 0 2 0 1 0 2 0 1 2 1 0 1 1 1

Philonicus albiceps

1 1 1 0 0 0 0 0 1 0 0 1 0 1 1 0 0 1 0 0 1 0 0 0 2 0 1 0 2 0 1 2 1 0 1 1 1

Clephydroneura sundaica

1 1 1 0 0 0 0 0 1 0 0 1 0 1 1 0 0 1 0 0 1 0 0 0 1 0 0 0 2 0 1 2 1 0 1 1 1

Clephydroneura sp. (Kepong)

1 1 1 0 0 0 0 0 1 0 0 0 0 1 1 0 0 1 0 0 1 0 0 0 1 0 0 0 2 0 1 2 1 0 1 1 1

Colepia rufiventris

1 1 1 0 0 0 0 0 0 0 0 0 0 1 1 0 0 1 0 0 1 0 0 0 1 0 1 0 2 0 1 2 1 0 1 1 3

Congomochtherus inachus

1 1 1 0 0 0 0 0 1 0 0 0 0 1 1 0 0 1 0 0 1 0 0 0 2 0 1 0 2 0 1 2 1 0 1 1 1

Heligmonevra laevis

1 1 1 0 0 0 0 0 1 0 0 1 0 1 1 0 0 1 0 0 2 0 0 0 2 0 0 0 2 0 1 2 1 0 1 1 1

Neoitamus cyanurus

1 1 1 0 0 0 0 0 1 0 0 0 0 1 1 0 0 1 0 0 1 0 0 0 2 0 1 0 2 1 1 2 1 0 1 1 3

Threnia carbonaria

1 1 1 0 0 0 0 0 1 0 0 0 0 1 1 0 2 1 0 0 2 0 0 0 2 0 1 0 2 0 1 2 1 0 1 1 2

Tolmerus atricapillus

1 1 1 0 0 0 0 0 0 0 0 0 0 1 1 0 0 1 0 0 1 0 0 0 1 0 1 0 2 0 1 2 1 0 1 1 1

Zosteria rosevillensis

1 1 1 0 0 0 0 0 1 0 0 1 0 1 1 0 0 1 0 0 1 0 0 0 2 0 1 0 2 0 1 2 1 0 1 1 3

Blepharepium cajennensis

1 1 1 0 0 0 0 0 1 0 0 0 0 1 1 0 2 1 0 4 3 - 0 0 2 0 0 2 2 0 1 2 1 0 1 2 1

Brachyrhopala ruficornis

1 1 1 0 0 0 0 0 1 0 0 0 0 1 1 0 2 0 0 4 3 - 0 0 2 0 0 0 2 0 1 1 0 0 1 1 3

Cabasa pulchella

1 1 1 0 0 0 0 0 1 0 0 0 0 1 1 1 2 0 0 4 3 - 0 0 2 0 0 0 2 0 1 1 1 0 1 1 3
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75 76 77 78 79 80 81 82 83 84 85 86 87 88 89 90 91 92 93 94 95 96 97 98 99 100 101 102 103 104 105 106 107 108 109 110 111

Megaphorus pulchrus

0 1 0 1 1 0 1 0 1 0 1 1 0 2 1 1 1 1 1 1 0 1 1 1 1 0 1 1 0 1 1 0 - 0 1 0 0

Myaptex brachyptera

0 1 0 1 1 0 0 0 2 0 1 2 0 2 1 1 1 1 1 1 0 1 1 2 1 0 1 1 0 1 1 0 - 0 1 2 0

Neolophonotus bimaculatus

0 1 0 1 1 0 0 0 2 0 2 1 0 2 1 1 1 1 1 1 0 1 1 2 1 0 1 0 0 1 1 0 - 0 1 2 0

Nomomyia murina

0 1 0 1 1 0 0 0 2 0 1 1 0 2 1 1 1 1 1 1 0 1 1 2 1 0 1 1 0 1 1 0 - 0 1 1 0

Asilus crabroniformis

0 1 0 1 1 0 1 1 2 0 2 2 0 2 1 1 1 0 1 1 0 1 1 2 1 0 1 0 0 1 1 0 - 0 1 2 0

Asilus sericeus

0 1 0 0 1 0 1 1 2 0 2 1 0 2 1 1 1 0 1 1 0 1 1 2 1 0 1 0 0 1 1 0 - 0 1 0/1 0

Satanas gigas

0 1 0 1 1 0 1 1 2 0 2 2 0 2 1 1 1 0 1 1 0 1 1 2 1 0 1 0 0 1 1 0 - 0 1 2 0

Lycomya germainii

0 1 0 1 1 0 1 1 2 0 1 1 0 2 1 1 1 1 1 1 0 1 1 2 1 0 1 1 0 1 1 0 - 0 1 0/1 0

Machimus chrysitis

0 1 0 1 1 0 1 1 2 0 2 1 0 2 1 1 1 1 1 1 0 1 1 2 1 0 1 0 0 1 1 0 - 0 1 2 0

Machimus occidentalis

0 1 0 1 1 0 1 1 2 0 2 1 0 2 1 1 1 1 1 1 0 1 1 2 1 0 1 0 0 1 1 0 - 0 1 2 0

Neomochtherus pallipes

0 1 0 1 1 0 0 1 2 0 2 1 0 2 1 1 1 0 1 1 0 1 1 2 1 0 1 0 0 1 1 0 - 0 1 2 0

Afromochtherus mendax

0 1 0 1 1 0 0 1 2 0 2 1 0 2 1 1 1 0 1 1 0 1 1 2 1 0 1 0 0 1 1 0 - 0 1 2 0

Dysmachus trigonus

0 1 0 1 1 0 1 1 2 0 2 1 0 3 1 1 1 1 1 1 0 1 1 2 1 0 1 0 0 1 1 0 - 0 1 2 0

Philonicus albiceps

0 1 0 1 1 0 1 1 2 0 2 1 0 2 1 1 1 1 1 1 0 1 1 2 1 0 1 0 0 1 1 0 - 0 1 2 0

Clephydroneura sundaica

0 1 0 1 1 0 1 1 2 0 1 1 0 2 1 1 1 1 1 1 0 1 1 1 1 0 1 1 0 1 1 0 - 0 1 2 0

Clephydroneura sp. (Kepong)

0 1 0 1 1 0 1 1 2 0 1 1 0 2 1 1 1 1 1 1 0 1 1 1 1 0 1 1 0 1 1 0 - 0 1 2 0

Colepia rufiventris

0 1 0 1 1 0 1 1 2 0 1 1 0 2 1 1 1 1 1 1 0 1 1 2 1 0 1 1 0 1 1 0 - 0 1 0 0

Congomochtherus inachus

0 1 0 1 1 0 1 1 2 0 2 1 0 2 1 1 1 1 1 1 0 1 1 2 1 0 1 0 0 1 1 0 - 0 1 2 0

Heligmonevra laevis

0 1 0 1 1 0 1 1 2 0 2 1 0 2 1 1 1 1 1 1 0 1 1 2 1 0 1 0 0 1 1 0 - 0 1 0 0

Neoitamus cyanurus

0 1 0 1 1 0 1 1 2 0 2 2 0 3 1 1 1 1 1 1 0 1 1 2 1 0 1 0 0 1 1 0 - 0 1 2 0

Threnia carbonaria

0 1 0 1 1 0 1 1 2 0 2 2 0 2 1 1 1 1 1 1 0 1 1 2 1 0 1 1 0 1 1 0 - 0 1 2 0

Tolmerus atricapillus

0 1 0 1 1 0 1 1 2 0 2 1 0 2 1 1 1 1 1 1 0 1 1 2 1 0 1 0 0 1 1 0 - 0 1 2 0

Zosteria rosevillensis

0 1 0 1 1 0 1 1 2 0 2 1 0 2 1 1 1 1 1 1 0 1 1 2 1 0 1 1 0 1 1 0 - 0 1 0 0

Blepharepium cajennensis

0 1 0 0 1 0 0 0 2 0 0 0 0 2 1 1 1 0 1 1 0 1 0 0 0 0 0 0 0 1 1 2 0 2 1 2 0

Brachyrhopala ruficornis

0 1 0 0 1 0 0 0 1 0 0 0 0 1 1 1 1 1 1 1 0 1 1 1 0 0 0 0 0 1 1 2 0 1 1 2 0

Cabasa pulchella

0 1 0 0 1 0 0 0 1 0 0 0 0 1 1 1 1 1 1 1 0 1 0 2 0 0 0 0 0 1 1 2 0 1 1 2 0
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112 113 114 115 116 117 118 119 120 121 122 123 124 125 126 127 128 129 130 131 132 133 134 135 136 137 138 139 140 141 142 143 144 145 146 147 148

Megaphorus pulchrus

1 0 1 0 1 0 0 0 0 0 0 1 1 0 1 0 0 0 0 1 0 1 0 1 1 2 0 0 1 0 0 0 0 1 2 1 0

Myaptex brachyptera

2 0 2 0 1 0 0 0 0 0 1 1 1 0 0 0 0 0 0 1 0 0 0 1 1 2 0 0 0 0 0 0 0 1 0 1 0

Neolophonotus bimaculatus

1 0 2 0 1 0 0 0 0 0 0 1 1 0 0 0 0 0 0 1 0 0 0 1 1 2 1 0 0 0 0 0 0 1 0 1 0

Nomomyia murina

1 0 2 0 1 0 0 0 0 0 0 1 1 0 0 0 1 0 0 1 0 0 0 1 1 2 0 0 0 0 0 0 0 1 1 1 0

Asilus crabroniformis

2 0 2 0 1 0 0 0 0 0 1 1 1 0 0 0 0 0 0 1 0 2 0 1 1 2 1 0 0 1 0 0 0 1 0 1 0

Asilus sericeus

2 0 2 0 1 0 0 0 1 1 1 1 1 0 0 1 0 0 0 1 0 2 0 1 1 2 1 0 0 1 0 0 0 1 0 1 0

Satanas gigas

2 0 2 0 1 0 0 0 0 0 1 1 1 0 0 0 0 0 0 1 0 3 0 1 1 2 0 0 1 2 0 0 0 0 0 2 0

Lycomya germainii

2 0 2 0 0 0 0 0 1 1 1 1 1 0 0 1 0 0 0 1 0 2 0 1 1 2 0 0 0 1 0 0 0 1 0 1 0

Machimus chrysitis

2 0 2 0 1 0 0 0 0 0 1 1 1 0 0 1 0 0 0 1 0 2 0 1 1 2 1 0 0 0 0 0 0 1 0 1 0

Machimus occidentalis

2 0 2 0 1 0 0 0 0 0 1 1 1 0 0 0 0 0 0 1 0 2 0 1 1 2 1 0 0 0 0 0 0 1 0 1 0

Neomochtherus pallipes

2 0 2 0 1 0 0 0 0 0 1 1 1 0 0 0 0 0 0 1 0 2 0 1 1 2 0 0 0 0 0 0 0 1 0 1 0

Afromochtherus mendax

2 0 2 0 1 0 0 0 0 0 1 1 1 0 0 0 0 0 0 1 0 2 0 1 1 2 1 0 0 0 0 0 0 1 0 1 0

Dysmachus trigonus

2 0 2 0 1 0 0 0 0 0 1 1 1 0 0 0 0 0 0 1 0 2 0 1 1 2 0 0 0 1 0 0 0 1 0 1 0

Philonicus albiceps

2 0 2 0 1 0 0 0 1 1 1 1 1 0 0 0 0 0 0 1 0 2 0 1 1 2 1 0 0 1 0 0 0 1 0 1 0

Clephydroneura sundaica

2 0 2 0 1 0 0 0 1 1 1 1 1 0 0 1 1 0 0 1 0 2 0 1 1 2 1 0 0 0 0 0 0 1 0 1 0

Clephydroneura sp. (Kepong)

2 0 2 0 1 0 0 0 1 1 1 1 1 0 0 1 0 0 0 1 0 2 0 1 1 2 1 0 0 0 0 0 0 1 0 1 0

Colepia rufiventris

2 0 2 0 1 0 0 0 1 0 1 1 1 0 0 0 0 0 0 1 0 2 0 1 1 2 1 0 0 1 0 0 0 1 0 1 0

Congomochtherus inachus

2 0 2 0 1 0 0 0 1 1 1 1 1 0 0 0 0 0 0 1 0 2 0 1 1 2 1 0 0 0 0 0 0 1 0 1 0

Heligmonevra laevis

2 0 2 0 1 0 0 0 1 1 1 1 1 0 0 0 0 0 0 1 0 2 0 1 1 2 1 0 0 0 0 0 0 1 0 1 0

Neoitamus cyanurus

2 0 2 0 1 0 0 0 1 1 1 1 1 0 0 0 0 0 0 1 0 2 0 1 1 2 1 0 0 1 0 0 0 1 0 1 0

Threnia carbonaria

2 0 2 0 1 0 0 0 1 1 1 1 1 0 0 0 0 0 0 1 0 0 0 1 1 2 1 0 0 1 0 0 0 1 0 1 0

Tolmerus atricapillus

2 0 2 0 1 0 0 0 0 0 1 1 1 0 0 0 0 0 0 1 0 2 0 1 1 2 0 0 0 0 0 0 0 1 0 1 0

Zosteria rosevillensis

1 0 2 0 1 0 0 0 0 1 1 1 1 0 0 0 0 0 0 1 0 2 0 1 1 2 0 0 0 1 0 0 0 1 0 1 0

Blepharepium cajennensis

2 0 2 0 0 0 0 2 1 1 1 1 1 0 0 1 0 0 0 0 0 1 0 1 0 2 1 0 0 1 0 0 0 1 0 1 0

Brachyrhopala ruficornis

1 0 1 0 2 0 0 0 1 1 1 1 1 0 0 0 0 0 1 0 0 0 0 0 0 2 0 0 0 0 0 0 0 1 0 1 0

Cabasa pulchella

1 0 1 0 1 0 0 0 1 1 1 1 1 0 0 1 0 0 1 0 0 0 0 0 0 2 0 0 0 0 0 0 0 1 0 1 0
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149 150 151 152 153 154 155 156 157 158 159 160 161 162 163 164 165 166 167 168 169 170 171 172 173 174 175 176 177 178 179 180 181 182 183 184 185

Megaphorus pulchrus

1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 - 1 2 0 0 0 0 1 1 1 0 0 1 0 1

Myaptex brachyptera

1 0 0 1 0 0 0 0 0 0 0 1 1 1 1 1 0 0 0 2 0 3 - 0 2 0 1 0 0 1 1 3 2 0 1 0 1

Neolophonotus bimaculatus

1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 3 - 0 2 0 0 0 1 0 0 0 0 0 0 0 1

Nomomyia murina

1 0 0 0 0 0 0 0 0 0 0 1 1 1 1 0 0 0 0 0 0 2 - 1 2 0 0 0 0 1 1 1 0 0 0 0 1

Asilus crabroniformis

1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 2 - 0 2 0 0 0 0 1 1 0 0 0 1 0 1

Asilus sericeus

1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 2 - 0 2 0 0 0 0 1 1 1 1 0 1 0 1

Satanas gigas

1 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 2 0 2 - 0 2 2 0 0 0 1 1 0 0 0 0 0 1

Lycomya germainii

1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 - 0 2 0 0 0 0 1 1 1 0 0 0 0 1

Machimus chrysitis

1 0 0 0 0 0 0 0 0 0 0 1 1 1 1 0 0 0 0 2 0 3 - 0 2 0 0 0 0 1 1 1 1 0 1 0 1

Machimus occidentalis

1 0 0 0 0 0 0 0 0 0 0 1 1 1 1 0 0 0 0 2 0 3 - 0 2 0 0 0 0 1 1 1 1 0 1 0 1

Neomochtherus pallipes

1 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 0 0 0 0 0 2 - 0 2 0 0 0 0 1 1 1 0 0 1 0 1

Afromochtherus mendax

1 0 0 0 0 0 0 0 0 0 0 1 1 1 1 0 0 0 0 0 0 2 - 0 2 0 0 0 0 1 1 1 1 0 1 0 1

Dysmachus trigonus

1 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 0 0 0 2 0 3 - 0 2 0 0 0 0 1 1 1 0 0 1 0 1

Philonicus albiceps

1 0 0 0 0 0 0 0 0 0 0 1 1 1 0 0 0 0 0 2 0 2 - 0 2 2 0 0 0 1 1 1 1 0 1 0 1

Clephydroneura sundaica

1 0 0 0 1 0 0 0 0 0 0 1 1 1 0 0 0 0 0 2 0 3 - 0 2 0 0 0 0 1 1 2 2 0 1 0 1

Clephydroneura sp. (Kepong)

1 0 0 0 0 0 0 0 0 0 0 1 1 1 1 0 0 0 0 2 0 3 - 0 2 0 0 0 0 1 1 2 2 0 1 0 1

Colepia rufiventris

1 0 0 0 0 0 0 0 0 0 0 1 1 1 0 0 0 0 0 0 0 2 - 0 2 0 0 0 1 0 1 3 1 0 0 0 1

Congomochtherus inachus

1 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 0 0 0 2 0 2 - 0 2 0 0 0 0 1 1 1 1 0 1 0 1

Heligmonevra laevis

1 0 0 1 0 0 0 0 0 0 0 1 1 1 1 0 0 0 0 0 0 2 - 0 2 0 0 0 0 1 1 2 0 0 0 0 1

Neoitamus cyanurus

1 0 0 1 0 0 0 0 0 0 0 1 1 1 0 0 0 0 0 2 0 2 - 0 2 0 0 0 1 1 1 0 0 0 0 0 1

Threnia carbonaria

1 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 0 0 0 0 6 - 0 2 0 0 0 1 0 1 0 0 0 0 0 1

Tolmerus atricapillus

1 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 0 0 0 2 0 3 - 0 2 0 0 0 0 1 1 0 0 0 1 0 1

Zosteria rosevillensis

1 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 0 0 0 0 0 2 - 1 2 2 0 0 0 1 0 3 1 0 0 0 1

Blepharepium cajennensis

1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 1 4 0 2 0 1 0 0 0 0 1 1 2 1 0 0 2

Brachyrhopala ruficornis

1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 4 0 2 1 1 0 0 1 1 1 1 2 0 0 0 2

Cabasa pulchella

1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 4 0 2 1 1 0 0 1 1 1 1 2 0 0 0 3
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186 187 188 189 190 191 192 193 194 195 196 197 198 199 200 201 202 203 204 205 206 207 208 209 210 211 212 213 214 215 216 217 218 219 220

Megaphorus pulchrus

0 0 0 0 0 0 0 0 0 0 0 1 0 0 - 1 0 0 2 1 1 0 0 0 0 0 0 0 2 1 0 1 1 - 0

Myaptex brachyptera

1 1 1 1 1 0 0 0 0 0 0 1 0 0 - 1 0 0 1 1 0 0 0 0 0 0 0 0 1 1 0 1 0 - 0

Neolophonotus bimaculatus

0 0 0 0 0 0 0 0 0 0 0 1 0 0 - 1 0 0 1 1 0 0 0 0 0 0 0 0 0 1 0 1 1 - 0

Nomomyia murina

1 1 1 1 0 0 0 0 0 0 0 1 0 0 - 1 0 0 1 1 1 0 0 0 0 0 0 0 0 1 0 1 1 - 0

Asilus crabroniformis

0 0 0 0 0 0 0 0 0 0 0 1 0 0 - 1 0 0 1 1 0 0 0 0 0 0 0 0 2 1 0 1 1 - 0

Asilus sericeus

0 0 0 0 0 0 0 0 0 0 0 1 0 0 - 1 0 0 1 1 0 0 0 0 0 0 0 0 2 1 0 1 1 - 0

Satanas gigas

1 1 1 1 1 1 0 0 0 0 0 1 0 0 - 1 0 0 1 1 0 0 0 0 0 0 0 0 0 1 0 1 1 - 0

Lycomya germainii

0 0 0 0 0 0 0 0 0 0 0 1 0 0 - 1 0 0 1 1 0 0 1 0 0 0 0 0 0 1 0 1 1 - 0

Machimus chrysitis

1 1 1 1 0 0 0 0 1 0 0 1 0 0 - 1 0 0 1 1 0 0 0 0 0 0 0 0 2 1 0 1 1 - 0

Machimus occidentalis

1 1 1 1 0 0 0 0 0 0 0 1 0 0 - 1 0 0 1 1 0 0 0 1 0 0 0 0 2 1 0 1 1 - 0

Neomochtherus pallipes

1 1 1 1 1 0 0 0 0 0 0 1 0 0 - 1 0 0 1 1 0 0 0 1 0 0 0 0 2 1 0 1 1 - 0

Afromochtherus mendax

1 1 1 1 0 0 0 0 2 0 0 1 0 0 - 1 0 0 1 1 0 0 0 1 0 0 0 0 2 1 0 1 1 - 0

Dysmachus trigonus

1 1 1 1 1 0 0 0 0 0 0 1 0 0 - 1 0 0 1 1 0 0 0 0 0 0 0 0 2 1 0 1 1 - 0

Philonicus albiceps

1 1 1 1 1 0 0 0 0 0 0 1 0 0 - 1 0 0 1 1 0 0 0 0 0 0 0 0 2 1 0 1 1 - 0

Clephydroneura sundaica

1 1 1 0 0 0 0 0 0 0 1 1 0 0 - 1 0 0 1 1 0 0 0 1 0 0 0 0 2 1 0 1 1 - 0

Clephydroneura sp. (Kepong)

1 1 0 0 0 0 0 0 0 0 0 1 0 0 - 1 0 0 1 1 0 0 0 1 0 0 0 0 2 1 0 1 1 - 0

Colepia rufiventris

1 1 1 0 0 0 0 0 0 0 0 1 0 0 - 1 0 0 1 1 0 0 1 1 0 0 0 0 0 1 0 1 1 - 0

Congomochtherus inachus

1 1 1 1 1 0 0 0 0 0 0 1 0 1 - 1 0 0 1 1 0 0 0 0 0 0 0 0 2 1 0 1 1 - 0

Heligmonevra laevis

1 1 1 1 1 0 0 0 2 0 0 1 0 0 - 1 0 0 1 1 2 0 0 1 0 0 0 0 2 1 0 1 1 - 0

Neoitamus cyanurus

1 1 1 1 0 0 0 0 0 0 1 1 0 0 - 1 0 0 1 1 1 0 0 1 0 0 0 0 0 0 0 1 0 - 0

Threnia carbonaria

1 1 1 1 0 0 0 0 0 0 0 1 0 0 - 1 0 0 1 1 2 0 0 1 0 1 0 0 0 1 0 0 0 - 0

Tolmerus atricapillus

1 1 1 1 0 0 0 0 0 0 0 1 0 0 - 1 0 0 1 1 0 0 0 0 0 0 0 0 2 1 0 1 1 - 0

Zosteria rosevillensis

1 1 1 1 1 1 0 0 2 0 0 1 0 0 - 1 0 0 1 1 0 0 0 1 0 0 0 0 0 1 0 1 1 - 0

Blepharepium cajennensis

0 0 0 0 0 0 0 4 0 1 0 1 0 1 - 1 0 0 1 1 1 0 0 0 0 0 0 2 0 0 0 0 1 0 1

Brachyrhopala ruficornis

0 0 0 0 0 0 0 4 0 0 0 0 0 0 - 1 1 0 1 1 2 0 0 0 0 0 0 3 0 0 0 0 0 0 0

Cabasa pulchella

0 0 0 0 0 0 0 4 0 0 0 0 0 0 - 1 1 0 1 1 2 0 0 0 0 0 0 3 0 0 0 0 0 0 0
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1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37

Chrysopogon pilosifacies

0 0 1 4 0 1 0 0 2 0 1 1 0 0 1 0 0 2 0 0 0 1 2 1 1 - 1 1 1 1 1 1 1 1 1 0 1

Codula limbipennis

0 0 1 4 0 1 0 0 2 0 1 1 0 0 1 0 0 2 0 0 0 1 2 1 1 - 1 1 1 1 1 1 1 1 1 0 1

Cyrtophrys attenuatus

0 0 2 1 0 1 0 0 2 0 1 1 0 0 1 0 0 2 2 0 0 0 2 1 1 - 1 1 1 1 1 1 1 1 1 0 1

Deromyia fuscipennis

0 0 2 1 0 1 0 0 2 0 1 1 0 0 1 0 0 2 2 0 0 1 2 1 1 - 1 1 1 1 1 1 1 1 1 0 1

Dasypogon diadema

0 0 1 4 0 1 1 0 2 0 1 1 0 0 1 0 0 0 2 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 1

Austrosaropogon nigrinus

0 0 1 1 0 1 0 0 2 0 1 1 0 0 1 0 0 0 2 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 1

Lestomyia fraudiger

0 0 2 3 0 1 2 0 2 0 1 1 0 0 1 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 1

Megapoda labiata

0 0 2 4 0 1 0 0 2 0 0 0 0 0 1 0 1 2 2 0 1 1 2 1 1 - 1 1 1 1 1 1 1 1 1 0 1

Pseudorus distendens

0 0 1 2 0 0 - - 2 0 0 0 0 0 1 0 0 2 2 0 1 0 2 1 1 - 1 1 1 1 1 1 1 1 1 0 1

Molobratia teutonus

0 0 2 4 0 1 1 0 2 0 1 1 0 0 1 0 0 2 0 0 0 1 2 1 1 - 1 1 1 1 1 1 1 1 1 0 1

Neodiogmites melanogaster

0 0 2 4 0 1 0 0 2 0 1 1 0 0 1 0 0 2 2 0 0 0 2 1 1 - 1 1 1 1 1 1 1 1 1 0 1

Diogmites grossus

0 0 1 2 0 1 0 0 2 0 1 1 0 0 1 0 0 2 0 0 0 1 2 1 1 - 1 1 1 1 1 1 1 1 1 0 1

Pegesimallus laticornis

0 0 2 4 0 1 1 0 2 0 0 0 0 0 1 0 0 2 2 0 0 1 2 1 1 - 1 1 1 1 1 1 1 1 1 0 1

Saropogon dispar

0 0 1 4 0 1 0 0 2 0 1 1 0 0 1 0 0 0 2 0 0 0 2 1 1 - 1 1 1 1 1 1 1 1 1 0 1

Saropogon luteus

0 0 1 1 0 1 0 0 2 0 1 1 0 0 1 0 0 0 2 0 0 1 1 1 0 0 1 1 1 1 1 1 1 1 1 0 1

Senobasis corsair

0 0 2 1 0 1 0 0 2 0 0 0 0 0 1 0 0 2 2 0 1 0 2 1 1 - 1 1 1 1 1 1 1 1 1 0 1

Thereutria amaraca

0 0 1 2 0 1 1 0 2 0 1 1 0 0 1 0 0 0 2 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 1

Cophura brevicornis

0 0 1 4 0 1 0 0 2 0 1 1 0 0 1 0 0 0 2 0 0 0 1 1 0 0 1 1 1 1 1 1 1 1 1 0 1

Leptarthrus brevirostris

0 0 1 4 0 1 3 0 2 0 1 1 0 0 1 0 0 0 0 0 0 1 1 1 0 1 1 1 1 1 1 1 1 1 1 0 1

Nicocles politus

0 0 2 4 0 1 0 0 2 0 1 1 0 0 1 0 0 0 1 0 0 1 1 1 0 0 1 1 1 1 1 1 1 1 1 0 1

Dioctria atricapillus

0 0 2 2 0 1 0 0 2 0 0 0 0 2 1 0 0 3 1 1 0 0 2 1 1 - 1 0 1 1 1 0 1 1 1 0 1

Dioctria hyalipennis

0 0 2 2 0 1 1 0 2 0 0 0 0 2 1 0 0 3 1 1 0 0 2 1 1 - 1 0 1 1 1 0 1 1 1 0 1

Dioctria rufipes

0 0 2 2 0 1 1 0 2 0 0 0 0 2 1 0 0 3 1 1 0 0 2 1 1 - 1 0 1 1 1 0 1 1 1 0 1

Broticosia paramonovi

1 0 1 2 0 1 3 0 2 0 1 0 0 2 1 0 0 0 0 0 0 1 1 0 0 0 1 0 1 1 1 1 1 1 1 0 1

Nannodioctria sp. (formicaphaga)

0 0 2 1 0 1 0 0 2 0 1 0 0 2 1 0 0 3 1 1 0 0 2 1 1 - 1 0 1 1 1 0 1 1 1 0 1

Echthodopa pubera

0 0 2 2 0 1 1 0 2 0 1 1 0 2 1 0 0 0 1 0 0 0 1 0 1 1 1 0 1 1 1 0 1 1 1 0 1
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38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60 61 62 63 64 65 66 67 68 69 70 71 72 73 74

Chrysopogon pilosifacies

1 1 1 0 0 0 0 0 1 0 0 0 0 1 1 0 1 0 0 2 3 - 0 0 1 0 0 0 1 0 1 1 1 0 1 1 3

Codula limbipennis

1 1 1 0 0 0 0 0 1 0 0 0 0 1 1 0 1 0 0 2 3 - 0 0 1 0 0 0 2 0 1 1 1 0 1 1 3

Cyrtophrys attenuatus

1 1 2 0 0 0 0 0 1 0 0 0 0 1 1 1 1 1 0 5 3 - 0 0 1 0 0 1 2 0 1 1 1 0 1 1 3

Deromyia fuscipennis

1 1 2 0 0 0 0 0 1 0 0 0 0 1 1 0 2 1 0 2 3 - 0 0 1 0 0 1 2 0 1 1 1 0 1 0 3

Dasypogon diadema

1 1 1 1 0 0 0 0 0 0 0 0 0 1 1 0 1 1 0 1 2 0 0 0 2 0 0 2 2 0 1 2 2 0 1 1 3

Austrosaropogon nigrinus

1 1 1 0 0 0 0 0 1 0 0 0 0 1 1 1 1 1 0 1 2 0 0 0 1 0 0 0 1 0 1 1 1 0 1 1 3

Lestomyia fraudiger

1 1 1 1 0 0 0 0 1 0 0 0 0 1 1 0 2 1 0 1 2 0 0 0 2 0 1 2 2 0 1 2 2 0 1 2 3

Megapoda labiata

1 1 2 0 0 0 0 0 1 0 0 0 0 1 1 0 2 1 0 1 2 0 0 0 1 0 0 2 2 0 1 2 1 0 1 1 3

Pseudorus distendens

1 1 2 0 0 0 0 - 0 0 0 0 0 1 1 0 2 0 0 4 3 - 0 0 1 0 0 0 2 0 1 1 1 0 1 1 3

Molobratia teutonus

1 1 1 0 0 0 0 0 0 0 0 1 0 1 1 0 2 1 0 0 2 0 0 0 2 0 0 2 2 0 1 2 1 0 1 0 3

Neodiogmites melanogaster

1 1 1 0 0 0 0 0 1 0 0 0 0 1 1 0 2 1 0 4 3 - 0 0 2 0 0 2 2 0 1 2 2 0 1 2 3

Diogmites grossus

1 1 1 0 0 0 0 0 1 0 0 0 0 1 1 0 2 1 0 4 3 - 0 0 2 0 0 2 2 0 1 1 1 0 1 2 3

Pegesimallus laticornis

1 1 1 0 0 0 0 0 1 0 0 0 0 1 1 0 2 0 0 1 2 0 0 0 1 0 0 1 2 0 1 1 1 0 1 1 3

Saropogon dispar

1 1 1 0 0 0 0 0 1 0 0 1 0 1 1 0 2 1 0 1 2 0 0 0 2 0 0 2 2 0 1 2 2 0 1 2 3

Saropogon luteus

1 1 1 0 0 0 0 0 1 0 0 1 0 1 1 1 2 1 0 1 2 0 0 0 2 0 0 2 2 0 1 2 2 0 1 2 3

Senobasis corsair

1 1 1 0 0 0 0 0 1 0 0 0 0 1 1 0 2 1 0 4 3 - 0 0 1 0 0 1 2 0 1 1 1 0 1 1 3

Thereutria amaraca

1 1 1 0 0 0 0 0 1 0 0 0 0 1 1 0 2 1 0 4 3 - 0 0 1 0 0 2 2 0 1 2 2 0 1 2 3

Cophura brevicornis

1 1 1 0 0 0 0 0 1 0 0 0 0 1 1 0 1 0 0 0 2 0 0 0 2 0 0 0 2 0 1 1 1 0 1 0 3

Leptarthrus brevirostris

1 1 1 0 0 0 0 0 1 0 0 0 0 1 1 0 1 0 0 0 1 0 0 0 1 0 0 0 2 0 1 1 1 0 1 1 3

Nicocles politus

1 1 1 0 0 0 0 0 1 0 0 0 0 1 1 0 1 0 0 0 1 0 0 0 2 0 0 0 2 0 1 1 1 0 1 1 3

Dioctria atricapillus

1 1 1 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 0 3 2 0 0 0 1 0 0 0 2 0 1 1 1 0 1 1 3

Dioctria hyalipennis

1 1 1 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 0 3 2 0 0 0 1 0 0 0 2 0 1 1 1 0 1 1 3

Dioctria rufipes

1 1 1 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 0 3 2 0 0 0 1 0 0 0 2 0 1 1 1 0 1 1 3

Broticosia paramonovi

1 1 1 0 0 0 0 0 0 0 0 0 0 1 1 0 1 1 0 3 2 0 0 0 1 0 0 0 1 0 1 1 1 0 1 1 3

Nannodioctria sp. (formicaphaga)

1 1 1 0 0 0 0 0 1 0 0 0 0 1 1 1 2 1 0 3 2 0 0 0 1 0 0 0 2 0 1 0 0 0 1 0 3

Echthodopa pubera

1 1 1 0 0 0 0 0 0 0 0 1 0 1 1 1 1 1 0 3 2 0 0 0 2 0 0 0 2 1 1 2 1 0 1 1 3
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75 76 77 78 79 80 81 82 83 84 85 86 87 88 89 90 91 92 93 94 95 96 97 98 99 100 101 102 103 104 105 106 107 108 109 110 111

Chrysopogon pilosifacies

0 1 0 0 1 0 0 0 1 0 0 0 0 4 1 0 0 0 1 1 0 1 1 1 1 0 0 0 0 1 1 2 0 1 1 2 0

Codula limbipennis

0 1 0 0 1 0 0 0 1 0 0 0 0 4 1 0 0 0 1 0 0 1 1 1 1 0 0 0 0 1 1 0 - 0 1 2 0

Cyrtophrys attenuatus

0 1 0 0 1 0 0 0 1 0 0 0 0 1 1 1 1 0 1 1 0 0 0 0 0 0 0 0 0 1 1 2 1 2 1 2 0

Deromyia fuscipennis

0 1 0 0 1 0 0 0 1 0 0 0 0 1 1 1 1 1 0 1 0 1 0 0 0 0 0 0 0 1 1 2 1 2 1 2 0

Dasypogon diadema

0 1 0 0 1 0 0 0 2 0 0 0 0 3 1 1 1 0 1 1 0 0 1 2 0 0 0 0 0 1 1 2 1 2 1 2 0

Austrosaropogon nigrinus

0 1 0 0 1 0 0 0 2 0 0 0 0 2 1 1 1 1 1 1 0 1 1 2 0 0 0 1 0 1 1 2 0 1 1 2 0

Lestomyia fraudiger

0 1 0 0 1 0 0 0 2 0 0 0 0 2 1 1 1 1 1 1 0 1 1 2 0 0 0 0 0 1 1 2 0 1 1 2 0

Megapoda labiata

0 1 0 0 1 0 0 1 1 0 1 1 0 1 1 1 1 0 0 1 0 0 0 1 1 1 0 0 0 1 1 2 1 2 0 2 0

Pseudorus distendens

0 1 0 0 0 0 0 1 1 0 1 1 0 1 1 0 0 0 1 1 0 1 0 1 1 1 0 1 0 1 1 2 1 2 0 2 0

Molobratia teutonus

0 1 0 0 1 0 0 0 1 0 0 0 0 2 1 1 1 0 1 0 0 1 0 0 0 0 0 0 0 1 1 2 1 2 1 2 0

Neodiogmites melanogaster

0 1 0 0 1 0 0 0 2 0 0 0 0 3 1 1 1 1 1 1 0 1 1 2 0 0 0 0 0 1 1 2 0 1 1 2 0

Diogmites grossus

0 1 0 0 1 0 0 0 2 0 0 0 0 3 1 1 1 0 1 1 0 1 1 2 0 0 0 0 0 1 1 2 0 1 1 2 0

Pegesimallus laticornis

0 1 0 0 1 0 0 0 1 0 0 0 0 1 1 1 1 0 1 0 0 1 0 1 1 0 0 0 0 1 1 2 1 2 1 2 0

Saropogon dispar

0 1 0 0 1 0 0 0 2 0 0 0 0 3 1 1 1 0 1 1 0 1 1 2 0 0 0 0 0 1 1 2 1 2 1 2 0

Saropogon luteus

0 1 0 0 1 0 0 0 2 0 0 0 0 3 1 1 1 0 1 1 0 1 1 2 0 0 0 0 0 1 1 2 1 2 1 2 0

Senobasis corsair

0 1 0 0 1 0 0 0 1 0 0 0 0 2 1 1 1 1 0 1 0 1 0 0 0 0 0 0 0 1 1 2 1 2 1 2 0

Thereutria amaraca

0 1 0 0 1 0 0 0 2 0 0 0 0 2 1 1 1 1 1 1 0 1 1 2 0 0 0 0 0 1 1 1 0 1 1 2 0

Cophura brevicornis

0 1 0 0 1 0 0 0 1 0 0 0 0 2 1 1 1 0 1 1 0 1 1 2 0 0 0 0 0 1 1 1 0 0 1 2 0

Leptarthrus brevirostris

0 1 0 1 1 0 0 0 1 0 0 0 0 3 1 0 0 1 1 1 1 1 1 1 0 0 0 0 0 1 1 1 0 0 1 2 0

Nicocles politus

0 1 0 0 1 0 0 0 1 0 0 0 0 1 1 1 1 1 1 1 0 1 1 2 1 0 0 0 0 1 1 1 0 0 1 2 0

Dioctria atricapillus

1 1 0 2 2 0 0 0 2 0 0 0 0 1 1 1 0 0 1 0 1 1 1 1 1 0 0 0 0 1 1 0 - 0 1 2 0

Dioctria hyalipennis

1 1 0 2 2 0 0 0 2 0 0 0 0 1 1 1 0 0 1 0 1 1 1 1 1 0 0 0 0 1 1 0 - 0 1 2 0

Dioctria rufipes

1 1 0 2 2 0 0 0 2 0 0 0 0 1 1 1 0 0 1 0 1 1 1 1 1 0 0 0 0 1 1 0 - 0 1 2 0

Broticosia paramonovi

0 1 0 0 1 0 0 0 2 0 0 1 0 2 1 1 1 1 1 1 0 1 1 1 1 0 1 0 0 1 1 0 - 0 1 2 0

Nannodioctria sp. (formicaphaga)

0 1 0 0 1 0 0 0 2 0 0 0 0 1 1 1 0 0 1 1 0 1 1 1 0 0 0 0 0 1 1 0 - 0 1 2 0

Echthodopa pubera

0 1 0 2 2 0 0 0 2 0 1 1 0 3 1 1 1 1 1 1 0 1 1 1 1 0 0 0 0 1 1 0 - 0 1 2 0
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112 113 114 115 116 117 118 119 120 121 122 123 124 125 126 127 128 129 130 131 132 133 134 135 136 137 138 139 140 141 142 143 144 145 146 147 148

Chrysopogon pilosifacies

1 0 1 0 0 1 0 0 1 0 1 1 1 0 0 1 0 0 0 0 0 1 0 0 0 2 1 0 0 0 0 0 0 1 0 1 0

Codula limbipennis

1 0 1 0 0 1 0 0 1 0 1 1 1 0 0 1 0 0 0 0 0 0 0 0 0 2 1 0 0 0 0 0 0 1 0 1 0

Cyrtophrys attenuatus

1 0 1 0 0 0 0 2 1 1 1 1 1 0 0 0 0 0 1 0 0 1 0 1 1 2 0 0 0 0 0 1 0 1 0 1 0

Deromyia fuscipennis

1 0 1 0 0 0 0 2 1 1 1 1 1 0 0 0 0 0 1 0 0 0 0 1 1 2 1 0 0 0 0 1 0 1 0 1 0

Dasypogon diadema

2 0 2 0 0 0 0 0 1 1 1 1 1 0 0 0 0 0 0 0 0 1 0 1 1 2 1 0 0 1 0 0 0 1 0 1 0

Austrosaropogon nigrinus

1 0 1 0 0 0 0 0 1 0 1 1 1 0 0 1 0 0 1 0 0 0 0 0 0 2 1 0 0 0 0 1 0 1 0 1 0

Lestomyia fraudiger

2 0 1 0 1 0 0 0 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 2 1 0 0 0 0 0 0 1 0 1 0

Megapoda labiata

1 0 1 0 1 0 0 0 1 1 1 1 0 0 0 1 0 0 0 1 0 1 0 1 1 2 1 0 0 1 0 0 0 1 0 1 0

Pseudorus distendens

1 0 1 0 1 0 0 0 1 1 1 1 0 0 0 1 0 0 0 1 0 1 0 1 1 2 0 0 0 1 0 0 0 1 0 1 0

Molobratia teutonus

2 0 1 0 1 0 0 0 1 1 1 1 1 0 0 1 0 0 0 0 0 1 0 0 0 2 0 0 0 1 0 1 0 1 0 1 0

Neodiogmites melanogaster

2 0 2 0 1 0 0 0 1 1 1 1 1 0 0 1 0 0 0 0 0 1 0 1 0 2 0 0 0 1 0 0 0 1 0 1 0

Diogmites grossus

2 0 2 0 1 0 0 0 1 1 1 1 1 0 0 0 0 0 0 0 0 1 0 1 0 2 0 0 0 1 0 0 0 1 0 1 0

Pegesimallus laticornis

1 0 2 0 1 0 0 0 1 1 1 1 1 0 0 1 0 0 0 0 0 1 0 0 0 2 0 0 0 1 0 2 0 1 0 1 0

Saropogon dispar

2 0 2 0 0 0 0 0 1 1 1 1 1 0 0 0 0 0 0 0 0 1 0 0 0 2 1 0 0 0 0 0 0 1 0 1 0

Saropogon luteus

2 0 1 0 0 0 0 0 1 1 1 1 1 0 0 0 0 0 0 0 0 1 0 0 0 2 1 0 0 0 0 0 0 1 0 1 0

Senobasis corsair

1 0 1 0 0 0 0 2 1 1 1 1 1 0 0 0 0 0 0 0 0 1 0 1 1 2 1 0 0 1 0 1 0 1 0 1 0

Thereutria amaraca

2 0 1 0 0 0 0 0 1 1 1 1 1 0 0 0 0 0 0 1 0 1 0 0 0 2 1 0 0 0 0 0 0 1 0 1 0

Cophura brevicornis

1 1 2 0 0 0 0 0 1 0 1 1 1 0 0 0 0 0 1 0 0 0 0 0 0 0 1 0 0 0 0 0 0 1 0 1 0

Leptarthrus brevirostris

1 0 2 0 0 0 0 0 1 1 1 1 1 0 0 1 0 0 1 0 0 1 0 0 1 0 1 0 0 0 0 1 0 1 0 1 0

Nicocles politus

1 0 1 0 0 0 0 0 1 0 1 1 1 0 0 1 0 0 1 0 0 0 0 0 0 2 1 0 0 0 0 0 0 1 0 1 0

Dioctria atricapillus

1 2 2 0 0 0 2 0 0 0 1 1 1 0 0 1 0 0 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0

Dioctria hyalipennis

1 2 2 0 0 0 2 0 0 0 1 1 1 0 0 1 0 0 1 0 0 1 0 0 0 0 0 0 0 0 0 1 0 1 0 1 0

Dioctria rufipes

1 2 2 0 0 0 2 0 0 1 1 1 1 0 0 1 0 0 1 0 0 1 0 0 0 0 0 0 0 0 0 1 0 1 0 1 0

Broticosia paramonovi

1 0 1 0 0 0 0 0 0 1 1 1 1 0 0 1 0 0 2 0 0 1 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0

Nannodioctria sp. (formicaphaga)

1 2 2 0 0 0 2 0 0 0 1 1 1 0 0 1 0 0 1 0 0 1 0 0 0 0 0 0 0 0 0 1 0 1 0 1 0

Echthodopa pubera

1 0 2 0 1 0 2 0 0 0 1 1 1 0 0 1 0 0 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0
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149 150 151 152 153 154 155 156 157 158 159 160 161 162 163 164 165 166 167 168 169 170 171 172 173 174 175 176 177 178 179 180 181 182 183 184 185

Chrysopogon pilosifacies

1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 2 0 0 0 0 1 1 1 2 1 0 0 0 1

Codula limbipennis

1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 2 0 0 0 0 1 1 1 2 1 0 0 0 1

Cyrtophrys attenuatus

1 0 0 0 1 1 0 1 0 0 0 0 0 0 0 0 0 0 0 2 1 4 0 2 1 1 0 0 0 1 1 0 1 0 0 0 0

Deromyia fuscipennis

1 0 0 0 1 1 0 1 0 0 0 0 0 0 0 0 0 0 0 2 1 4 0 2 1 1 0 0 0 1 1 1 1 0 0 0 0

Dasypogon diadema

1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 6 0 2 1 1 0 0 0 1 1 1 1 0 0 0 2

Austrosaropogon nigrinus

1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 4 0 2 1 1 0 0 0 1 1 0 0 0 0 0 2

Lestomyia fraudiger

1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 1 4 0 2 1 1 0 0 0 1 1 0 0 0 0 0 2

Megapoda labiata

1 0 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 ? ? ? ? ? ? ? ? ? 0 0 0 1 1 1 ? ? ? ? ?

Pseudorus distendens

1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 3 - 2 1 0 0 0 0 1 1 1 1 1 0 0 0

Molobratia teutonus

1 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 - 2 2 0 0 0 0 1 1 2 1 0 0 0 0

Neodiogmites melanogaster

1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 4 0 2 0 1 0 0 0 0 1 1 2 0 0 0 0

Diogmites grossus

1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 6 0 2 1 1 0 0 0 0 1 1 2 0 0 0 0

Pegesimallus laticornis

1 0 0 0 1 1 0 1 0 0 0 0 0 0 0 0 0 0 0 1 1 4 0 2 1 1 0 0 0 1 1 1 1 0 0 0 0

Saropogon dispar

1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 4 0 2 1 1 0 0 0 1 1 2 2 0 0 0 2

Saropogon luteus

1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 1 4 0 2 1 1 0 0 0 1 1 2 1 0 0 0 2

Senobasis corsair

1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 4 - 0 2 0 0 0 0 1 1 1 2 1 0 0 0

Thereutria amaraca

1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 6 0 2 1 1 0 0 0 1 1 1 2 0 0 0 0

Cophura brevicornis

1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 1 6 0 2 0 1 0 0 0 1 1 0 0 1 0 0 2

Leptarthrus brevirostris

1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 1 1 0 1 - 2 2 0 0 0 0 1 1 2 0 1 0 0 0

Nicocles politus

1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 1 6 0 2 0 1 0 0 0 1 1 1 2 1 0 0 2

Dioctria atricapillus

1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 - 0 2 0 0 0 0 1 1 0 1 0 0 1 0

Dioctria hyalipennis

1 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 - 0 2 0 0 0 0 1 1 0 1 0 0 1 0

Dioctria rufipes

1 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 - 0 2 0 0 0 0 1 1 0 1 0 0 1 0

Broticosia paramonovi

1 0 0 0 1 0 0 0 0 0 0 ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ?

Nannodioctria sp. (formicaphaga)

1 0 0 0 1 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 4 - 0 2 0 0 0 0 1 1 2 1 1 0 1 0

Echthodopa pubera

1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 - 0 2 0 0 0 0 1 1 2 1 0 0 1 0
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186 187 188 189 190 191 192 193 194 195 196 197 198 199 200 201 202 203 204 205 206 207 208 209 210 211 212 213 214 215 216 217 218 219 220

Chrysopogon pilosifacies

0 0 0 0 0 0 0 0 0 0 0 0 0 0 - 1 1 0 1 1 2 0 0 0 0 0 1 2 0 0 0 0 0 0 0

Codula limbipennis

0 0 0 0 0 0 0 0 0 0 0 0 0 0 - 1 1 0 0 1 2 0 0 0 0 0 0 1 0 0 0 0 0 0 0

Cyrtophrys attenuatus

0 0 0 0 0 0 0 1 0 1 0 0 0 1 - 2 0 0 1 1 2 0 0 0 0 0 1 1 0 0 0 0 1 0 0

Deromyia fuscipennis

0 0 0 0 0 0 0 4 0 1 0 0 0 1 - 2 0 0 0 1 2 0 0 0 0 0 0 0 0 1 0 0 1 - 0

Dasypogon diadema

0 0 0 0 0 0 0 0 0 1 0 0 0 1 - 1 0 0 0 1 1 0 0 1 0 0 1 1 0 0 0 0 0 0 0

Austrosaropogon nigrinus

0 0 0 0 0 0 0 0 0 1 0 0 0 0 - 1 1 0 0 1 2 0 0 0 0 0 0 1 0 0 0 0 1 0 0

Lestomyia fraudiger

0 0 0 0 0 0 0 0 0 1 0 0 0 1 - 1 0 0 1 1 2 0 0 0 0 0 1 1 0 0 0 0 1 0 0

Megapoda labiata

0 0 0 0 0 0 0 1 0 1 0 0 0 0 - 2 0 0 1 1 1 0 0 0 0 0 1 0 0 1 0 0 1 - 2

Pseudorus distendens

0 0 0 0 0 0 0 1 0 1 0 0 0 0 - 2 0 0 1 1 1 0 0 0 0 0 0 0 0 1 0 0 1 - 0

Molobratia teutonus

0 0 0 0 0 0 0 1 0 1 0 0 0 1 - 1 0 0 1 1 2 0 0 0 0 0 0 1 0 0 0 0 0 0 0

Neodiogmites melanogaster

0 0 0 0 0 0 0 1 0 1 0 1 0 1 - 1 0 0 1 1 2 0 0 0 0 0 0 1 0 0 0 0 1 0 0

Diogmites grossus

0 0 0 0 0 0 0 1 0 0 0 1 0 1 - 1 0 0 1 1 2 0 0 0 0 0 0 2 0 0 0 0 1 0 0

Pegesimallus laticornis

1 0 0 0 0 0 0 1 0 1 0 0 0 1 - 2 0 0 0 1 2 0 0 0 0 0 1 0 0 0 0 1 1 - 0

Saropogon dispar

0 0 0 0 0 0 0 0 0 0 0 1 0 0 - 1 1 0 1 1 2 0 0 0 0 1 0 2 0 0 0 0 0 0 0

Saropogon luteus

0 0 0 0 0 0 0 4 0 1 0 1 0 0 - 1 0 0 1 1 2 0 0 0 0 1 0 2 0 0 0 0 0 0 0

Senobasis corsair

0 0 0 0 0 0 0 1 0 1 0 0 0 1 - 2 0 0 1 1 2 0 0 0 0 0 0 2 0 0 0 0 0 0 0

Thereutria amaraca

0 0 0 0 0 0 0 0 0 0 0 1 0 0 - 1 1 0 1 1 2 0 0 0 0 0 0 2 0 0 0 0 0 0 0

Cophura brevicornis

0 0 0 0 0 0 0 0 0 0 0 1 0 1 - 1 0 0 1 1 2 0 0 0 0 0 0 2 0 0 0 0 0 0 0

Leptarthrus brevirostris

0 0 0 0 0 0 0 0 0 0 0 1 0 1 - 2 0 0 1 1 2 0 0 0 0 0 0 1 0 0 0 0 0 0 0

Nicocles politus

0 0 0 0 0 0 0 0 0 0 0 1 0 1 - 1 1 0 1 1 2 0 0 0 0 0 0 1 0 0 0 0 0 0 0

Dioctria atricapillus

0 0 0 0 0 0 0 4 - 0 0 0 0 1 - 0 0 0 1 1 2 0 0 0 0 1 0 1 0 0 0 0 1 0 0

Dioctria hyalipennis

0 0 0 0 0 0 0 4 - 0 0 0 0 1 - 0 0 0 1 1 2 0 0 0 0 1 0 1 0 0 0 0 1 0 0

Dioctria rufipes

0 0 0 0 0 0 0 4 - 0 0 0 0 0 - 0 0 0 1 1 2 0 0 0 0 1 0 1 0 0 0 0 1 0 0

Broticosia paramonovi

0 0 0 0 0 0 0 0 0 1 0 1 0 1 - 0 0 0 1 1 2 0 0 0 0 1 0 1 0 0 1 0 0 0 0

Nannodioctria sp. (formicaphaga)

0 0 0 0 0 0 0 4 - 0 0 0 0 0 - 0 0 0 1 1 2 0 0 0 0 1 0 1 0 0 0 0 0 0 0

Echthodopa pubera

0 0 0 0 0 0 0 4 - 0 0 1 0 0 - 0 0 0 1 1 2 0 0 0 0 0 0 0 0 1 0 1 1 - 0
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1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37

Dicolonus simplex

0 0 1 3 0 1 2 0 2 0 1 0 0 2 1 0 0 0 1 0 0 1 1 0 1 1 1 0 1 1 1 0 1 1 1 0 1

Eudioctria albius

0 0 2 1 0 1 0 0 2 0 1 0 0 2 1 0 0 0 1 0 0 0 1 0 1 1 1 0 1 1 1 0 1 1 1 0 1

Andrenosoma cyrtoxys

0 0 2 4 0 1 3 0 2 0 0 0 1 1 1 0 0 1 1 0 1 0 2 1 1 - 1 1 1 1 1 0 1 1 1 0 1

Hyperechia nigripennis

0 0 2 2 0 1 1 0 2 0 0 0 1 0 1 0 0 1 0 0 1 0 2 1 1 - 1 1 1 1 1 0 1 1 1 0 1

Pilica formidolosa

0 0 2 3 0 1 2 0 2 0 0 0 1 0 1 0 3 1 0 0 1 0 2 1 1 - 1 1 1 1 1 0 1 1 1 0 1

Dasyllis funebris

0 0 2 2 0 1 1 0 2 0 0 0 1 0 1 0 3 1 1 0 1 0 2 1 1 - 1 2 1 1 1 0 1 1 1 0 1

Proagonistes praeceps

0 0 2 3 0 1 2 0 2 0 0 0 1 1 1 0 3 1 1 0 1 0 2 1 1 - 1 1 1 1 1 0 1 1 1 0 1

Atomosia puella

0 0 2 2 0 1 0 0 2 0 1 0 0 0 1 0 0 0 0 0 0 0 2 1 1 - 1 0 1 1 1 0 1 1 1 0 1

Aphestia annulipes

0 0 2 2 0 1 3 0 2 0 1 0 0 0 1 0 0 0 0 0 0 0 2 0 1 - 1 0 1 1 1 0 1 1 1 0 1

Cerotainia albipilosa

0 0 2 2 0 1 1 0 2 0 0 0 0 0 1 0 0 0 0 0 0 0 2 2 1 - 1 0 1 1 1 0 1 1 1 0 1

Goneccalypsis argenteoviridis

0 0 2 2 0 1 1 0 2 0 0 0 0 0 1 0 0 0 0 0 0 0 2 0 1 - 1 0 1 1 1 0 1 1 1 0 1

Loewinella nigripes

0 0 2 2 0 1 1 0 2 0 0 0 0 0 1 0 0 0 0 0 0 0 2 0 1 - 1 0 1 1 1 0 1 1 1 0 0

Lamyra gulo

0 0 2 2 0 1 0 0 2 0 0 0 0 1 1 0 0 0 0 0 1 0 2 2 1 - 1 1 1 1 1 0 1 1 0 0 1

Stiphrolamyra angularis

0 0 2 4 0 1 2 0 2 0 0 0 0 0 1 0 0 0 0 0 1 0 2 2 1 - 1 1 1 1 1 0 1 1 0 0 1

Orthogonis scapularis

0 0 2 2 0 1 1 0 2 0 0 0 0 0 1 0 0 0 0 0 0 0 1 2 0 0 1 0 1 1 1 0 1 1 1 0 1

Smeryngolaphria numitor

0 0 2 3 0 1 3 0 2 0 0 0 0 1 1 0 0 0 1 0 0 0 1 2 0 0 1 0 1 1 1 0 1 1 1 0 1

Laphria flava

0 0 2 2 0 1 1 0 2 0 1 0 0 1 1 0 0 2 0 0 1 0 2 2 1 - 1 0 1 1 1 0 1 1 1 0 1

Laphria aktis

0 0 2 2 0 1 1 0 2 0 1 0 0 1 1 0 0 2 0 0 1 0 2 2 1 - 1 0 1 1 1 0 1 1 1 0 1

Choerades bella

0 0 2 2 0 1 1 0 2 0 1 0 0 1 1 0 0 2 0 0 1 0 2 2 1 - 1 0 1 1 1 0 1 1 1 0 1

Lampria clavipes

0 0 2 2 0 1 1 0 2 0 1 0 0 1 1 0 0 2 0 0 1 0 2 2 1 - 1 0 1 1 1 0 1 1 1 0 1

Laxenecera albicincta

0 0 2 4 0 1 3 0 2 0 1 0 0 1 1 0 0 0 0 0 0 0 1 0 0 0 1 0 1 1 1 0 1 1 1 0 1

Maira aenea

0 0 2 2 0 1 1 0 2 0 1 0 0 1 1 0 0 2 0 0 1 0 2 2 1 - 1 0 1 1 1 0 1 1 1 0 1

Nusa infumata

0 0 2 4 0 1 3 0 2 0 1 0 0 1 1 0 0 0 0 0 0 0 1 0 0 0 1 0 1 1 1 0 1 1 1 0 1

Hoplistomerus nobilis

0 0 2 4 0 1 0 0 2 0 1 1 0 1 1 0 0 0 1 0 1 0 2 0 1 - 1 0 1 1 1 0 1 1 1 0 1

Laphystia aegyptiaca

0 0 2 4 0 1 0 0 2 0 1 0 0 1 1 0 0 0 0 0 0 0 1 0 0 1 1 0 1 1 1 0 1 1 1 0 1

Laphystia tolandi

0 0 2 4 0 1 0 0 2 0 1 0 0 1 1 0 0 0 0 0 0 0 1 0 0 0 1 0 1 1 1 0 1 1 1 0 1
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38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60 61 62 63 64 65 66 67 68 69 70 71 72 73 74

Dicolonus simplex

1 1 1 0 0 0 0 0 0 0 0 1 0 1 1 1 1 1 0 3 2 0 0 0 1 0 0 0 2 1 1 1 1 0 1 1 3

Eudioctria albius

1 1 1 0 0 0 0 0 1 0 0 0 0 1 1 1 2 1 0 3 2 0 0 0 1 0 0 0 1 0 1 1 1 0 1 1 3

Andrenosoma cyrtoxys

1 1 1 0 1 0 0 0 0 0 0 1 0 1 1 0 2 0 0 4 3 - 0 0 2 0 0 0 2 0 1 2 1 0 1 1 1

Hyperechia nigripennis

1 1 1 0 1 0 0 0 1 0 0 0 0 1 1 0 2 1 0 4 3 - 0 0 1 0 0 2 2 0 1 1 1 0 1 1 1

Pilica formidolosa

1 1 1 0 1 0 0 0 1 0 0 1 0 1 1 0 2 0 0 4 3 - 0 0 2 0 0 0 2 0 1 2 1 0 1 1 1

Dasyllis funebris

1 1 1 0 1 0 0 0 1 0 0 0 0 1 1 0 2 0 0 4 3 - 0 0 2 0 0 0 2 0 1 2 1 0 1 1 1

Proagonistes praeceps

1 1 1 0 1 0 0 0 0 0 0 1 0 1 1 0 2 0 0 4 3 - 0 0 2 0 0 0 2 0 1 1 1 0 1 1 1

Atomosia puella

1 1 2 0 1 0 0 0 0 0 0 0 0 1 1 0 1 0 0 5 3 - 0 0 2 0 0 0 2 0 1 2 1 0 1 1 0

Aphestia annulipes

1 1 2 0 1 0 0 0 0 0 0 1 0 1 1 0 1 0 0 5 3 - 0 0 2 0 0 0 2 0 1 2 1 0 1 1 0

Cerotainia albipilosa

1 1 2 0 1 0 0 0 1 0 1 0 1 1 1 1 1 0 0 5 3 - 0 0 1 0 0 0 2 0 1 2 1 0 1 1 0

Goneccalypsis argenteoviridis

1 1 2 0 1 0 0 2 1 0 0 0 1 1 1 0 1 0 0 5 3 - 0 0 2 0 0 0 2 0 1 2 0 0 1 1 0

Loewinella nigripes

1 1 2 0 1 0 0 0 1 0 0 0 1 1 1 0 1 0 0 5 3 - 0 0 2 0 0 0 2 0 1 1 0 0 1 1 0

Lamyra gulo

1 1 1 0 1 0 0 0 1 1 0 1 0 1 1 0 2 1 0 4 3 - 0 0 2 0 0 0 2 0 1 1 1 0 1 2 1

Stiphrolamyra angularis

1 1 1 0 1 0 0 0 1 1 0 1 0 1 1 0 2 0 0 4 3 - 0 0 2 0 0 0 2 0 1 1 1 0 1 1 1

Orthogonis scapularis

1 1 2 0 1 0 0 2 1 0 0 0 0 1 1 0 1 1 0 5 3 - 0 0 2 0 0 0 2 0 1 1 1 0 1 1 1

Smeryngolaphria numitor

1 1 1 0 1 0 0 3 1 0 0 0 0 1 1 0 1 0 0 5 3 - 0 0 2 0 0 0 2 0 1 1 1 0 1 1 0

Laphria flava

1 1 2 0 1 0 0 0 0 0 0 0 0 1 1 1 2 0 0 4 3 - 0 0 2 0 0 0 2 1 1 1 1 0 1 1 1

Laphria aktis

1 1 2 0 1 0 0 1 0 0 0 1 0 1 1 1 2 0 0 4 3 - 0 0 2 0 0 0 2 1 1 2 1 0 1 1 1

Choerades bella

1 1 2 0 1 0 0 1 1 0 0 0 0 1 1 1 2 0 0 4 3 - 0 0 2 0 0 0 1 0 1 1 1 0 1 1 1

Lampria clavipes

1 1 2 0 1 0 0 1 1 0 0 0 0 1 1 1 2 0/1 0 4 3 - 0 0 2 0 0 0 2 0 1 1 1 0 1 1 1

Laxenecera albicincta

1 1 1 0 1 0 0 0 1 0 0 1 0 1 1 0 2 1 0 4 3 - 0 0 2 0 0 0 2 0 1 1 1 0 1 1 1

Maira aenea

1 1 2 0 1 0 0 1 1 0 0 0 0 1 1 1 2 1 0 4 3 - 0 0 2 0 0 0 2 0 1 1 1 0 1 1 0

Nusa infumata

1 1 1 0 1 0 0 0 0 0 0 0 0 1 1 0 2 0 0 1 2 0 0 0 2 0 0 0 2 0 1 2 2 0 1 1 1

Hoplistomerus nobilis

1 1 1 0 1 0 0 0 1 0 0 1 0 1 1 0 1 1 0 1 2 0 0 0 2 0 0 0 2 0 1 1 1 0 1 2 0

Laphystia aegyptiaca

1 1 1 0 1 0 0 0 1 0 0 0 0 1 1 0 1 1 0 1 1 0 0 0 1 0 0 0 2 0 1 1 1 0 1 1 0

Laphystia tolandi

1 1 1 0 1 0 0 0 1 0 0 0 0 1 1 0 2 1 0 1 1 0 0 0 1 0 0 0 2 0 1 1 1 0 1 1 0
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75 76 77 78 79 80 81 82 83 84 85 86 87 88 89 90 91 92 93 94 95 96 97 98 99 100 101 102 103 104 105 106 107 108 109 110 111

Dicolonus simplex

1 1 0 1 1 0 0 1 2 0 1 0 0 3 1 1 1 1 1 1 0 1 1 1 1 0 0 0 0 1 1 0 - 0 1 2 0

Eudioctria albius

0 1 0 0 2 0 0 0 2 0 0 0 0 1 1 1 0 1 1 1 0 1 1 0 0 0 0 0 0 1 1 0 - 0 1 2 0

Andrenosoma cyrtoxys

1 1 0 1 1 1 0 0 2 0 1 1 0 2 1 1 1 1 1 1 0 1 1 2 1 1 0 0 0 1 1 0 - 0 0 2 0

Hyperechia nigripennis

1 1 0 1 1 1 0 0 1 0 1 1 0 3 1 1 0 0 1 1 0 1 1 1 1 1 1 0 0 1 1 0 - 0 0 0 0

Pilica formidolosa

1 1 0 1 1 1 0 1 2 0 1 1 0 1 1 1 1 1 1 1 0 1 1 2 1 1 1 1 0 1 1 0 - 0 0 2 0

Dasyllis funebris

1 1 0 1 1 1 0 1 2 0 1 1 0 1 1 1 1 1 1 1 0 1 1 2 1 1 1 1 0 1 1 0 - 0 0 2 0

Proagonistes praeceps

1 1 0 1 1 1 0 0 2 0 1 1 0 1 1 1 1 1 1 1 0 1 1 2 1 1 1 1 0 1 1 0 - 0 0 2 0

Atomosia puella

1 1 0 1 1 1 0 2 1 0 1 0 0 1 1 1 1 1 1 1 1 1 1 2 1 0 0 3 0 1 1 0 - 0 1 2 0

Aphestia annulipes

1 1 0 1 1 1 0 1 2 0 1 0 0 1 1 1 1 0 1 1 1 1 1 2 1 0 1 3 0 1 1 0 - 0 1 2 0

Cerotainia albipilosa

1 1 0 1 1 0 0 2 1 0 1 0 0 1 1 1 1 0 1 1 1 1 1 1 1 0 0 3 0 1 1 0 - 0 1 2 0

Goneccalypsis argenteoviridis

1 1 0 1 1 1 0 2 2 0 1 0 1 1 1 1 1 1 0 1 1 2 1 2 1 0 0 3 0 1 1 0 - 0 1 2 0

Loewinella nigripes

1 1 0 1 1 1 0 2 2 0 1 0 1 1 1 1 1 0 1 1 1 1 1 1 1 0 0 3 0 1 1 0 - 0 1 2 0

Lamyra gulo

1 1 0 1 1 1 0 0 2 0 1 1 0 2 1 1 1 0 1 0 0 1 1 2 1 1 1 0 0 1 1 0 - 0 0 2 0

Stiphrolamyra angularis

1 1 0 1 1 1 0 0 2 0 1 1 0 1 1 1 1 0 1 1 1 1 1 1 1 1 0 0 0 1 1 0 - 0 0 2 0

Orthogonis scapularis

1 1 0 1 1 1 0 0 2 0 1 0 0 1 1 1 1 1 1 1 0 1 1 2 1 1 0 1 0 1 1 0 - 0 0 2 0

Smeryngolaphria numitor

1 1 0 1 1 1 0 0 2 0 1 1 0 1 1 1 1 1 1 1 0 1 1 2 1 1 0 1 0 1 1 0 - 0 0 2 0

Laphria flava

1 1 0 1 1 1 0 0 2 0 1 0 0 1 1 1 1 1 1 1 0 1 1 2 1 1 0 1 0 1 1 0 - 0 0 0 0

Laphria aktis

1 1 0 1 1 1 0 1 2 0 1 0 0 2 1 1 1 1 1 1 0 3 1 2 1 1 0 1 0 1 1 0 - 0 0 0 0

Choerades bella

1 1 0 1 1 1 0 0 2 0 1 0 0 1 1 1 1 1 1 1 0 3 1 2 1 1 0 1 0 1 1 0 - 0 0 2 0

Lampria clavipes

1 1 0 1 1 1 1 0 2 0 1 1 0 1 1 1 1 1 1 1 0 3 1 1 1 1 0 1 0 1 1 0 - 0 0 2 0

Laxenecera albicincta

1 1 0 1 1 1 0 0 2 0 1 1 0 3-Feb 1 1 1 1 1 1 0 1 1 2 1 1 0 1 0 1 1 0 - 0 0 2 0

Maira aenea

1 1 0 1 1 1 0 0 2 0 1 1 0 1 1 1 1 1 1 1 0 3 1 2 1 1 0 1 0 1 1 0 - 0 0 2 0

Nusa infumata

1 1 0 1 1 1 0 0 2 0 1 1 0 3 1 1 1 0 1 1 0 1 1 2 1 1 0 0 0 1 1 0 - 0 0 2 0

Hoplistomerus nobilis

1 1 0 1 1 0 0 0 2 0 1 0 0 0 1 1 1 0 1 0 1 1 1 1 1 1 0 0 0 1 1 0 - 0 0 2 0

Laphystia aegyptiaca

1 1 0 1 1 0 0 0 2 0 1 1 0 3 1 1 1 1 1 1 0 1 1 2 1 1 0 1 0 1 1 0 - 0 0 2 0

Laphystia tolandi

1 1 0 1 1 0 0 0 2 0 1 1 0 2 1 1 1 0 1 1 0 1 1 2 1 1 0 1 0 1 1 0 - 0 0 2 0
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112 113 114 115 116 117 118 119 120 121 122 123 124 125 126 127 128 129 130 131 132 133 134 135 136 137 138 139 140 141 142 143 144 145 146 147 148

Dicolonus simplex

1 0 1 0 0 0 2 0 0 0 0 1 1 0 0 1 0 0 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0

Eudioctria albius

1 2 1 0 0 0 2 0 1 0 1 1 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0

Andrenosoma cyrtoxys

1 0 1 0 0 0 0 1 0 0 1 1 1 0 0 0 0 0 0 1 0 1 0 1 1 2 0 0 0 1 0 0 0 1 0 1 0

Hyperechia nigripennis

1 0 1 0 0 0 0 1 1 0 1 1 1 0 0 0 0 0 0 1 0 1 1 1 1 2 0 0 0 1 0 0 0 1 0 1 0

Pilica formidolosa

1 0 2 0 0 0 0 1 1 1 1 1 1 0 0 0 0 0 0 1 0 1 1 1 1 2 0 0 0 1 0 0 0 1 0 1 0

Dasyllis funebris

1 0 1 0 0 0 0 1 1 1 1 1 1 0 0 0 0 0 0 1 0 1 0 1 1 2 0 0 0 1 0 0 0 1 0 1 0

Proagonistes praeceps

2 0 2 0 0 0 0 0 0 1 1 1 1 0 0 0 0 0 0 1 0 1 0 1 1 2 0 0 0 1 0 0 0 1 0 1 0

Atomosia puella

1 0 1 0 0 0 2 0 0 0 1 1 1 0 0 0 0 0 1 1 0 1 0 1 1 4 0 0 3 0 0 0 0 1 0 1 0

Aphestia annulipes

1 0 2 0 0 0 1 0 1 1 1 1 1 0 0 0 0 0 0 1 0 1 0 1 1 4 0 0 3 0 0 0 0 1 0 1 0

Cerotainia albipilosa

1 0 1 0 0 0 2 0 0 0 1 1 1 0 0 1 0 0 1 1 0 0 0 1 1 4 1 0 3 0 0 0 0 1 0 1 0

Goneccalypsis argenteoviridis

1 0 1 0 0 0 2 0 0 0 1 1 1 0 0 1 0 0 2 1 0 1 0 1 1 4 0 0 0 0 0 0 0 1 0 1 0

Loewinella nigripes

1 0 2 0 0 0 2 0 0 0 1 1 1 0 0 0 0 0 2 1 0 1 0 1 1 4 1 0 0 0 0 0 0 1 0 1 0

Lamyra gulo

1 0 2 0 0 0 0 0 1 1 1 1 1 0 1 0 0 0 0 1 0 1 0 1 1 2 0 0 0 1 0 0 0 1 0 1 0

Stiphrolamyra angularis

1 0 2 0 0 0 0 0 1 1 1 1 1 0 1 0 0 0 0 1 0 1 0 1 1 2 0 0 0 1 0 0 1 1 0 1 0

Orthogonis scapularis

1 0 1 0 0 0 2 0 1 1 1 1 1 0 0 0 0 0 0 1 0 1 0 1 1 4 0 0 0 1 0 0 0 1 0 1 0

Smeryngolaphria numitor

1 0 1 0 0 0 2 0 1 1 1 1 1 0 0 0 0 0 0 1 0 1 0 1 1 2 0 0 0 1 0 0 0 1 0 1 0

Laphria flava

1 0 1 0 0 0 0 1 1 1 1 1 1 0 0 0 0 0 0 1 0 1 0 1 1 2 0 0 0 1 0 0 0 1 0 1 0

Laphria aktis

1 0 2 0 0 0 0 1 1 1 1 1 1 0 0 0 0 0 0 1 0 1 0 1 1 2 0 0 0 1 0 0 0 1 0 1 0

Choerades bella

1 0 1 0 0 0 0 0 1 1 1 1 1 0 0 0 0 0 0 1 0 1 0 1 1 2 0 0 0 0 0 0 0 1 0 1 0

Lampria clavipes

1 0 1 1 2 0 0 1 1 1 1 1 1 0 0 0 0 0 0 1 0 1 0 1 1 2 0 0 0 1 0 0 0 1 0 1 0

Laxenecera albicincta

1 0 1 1 0 0 0 1 0 0 0 1 1 0 0 0 0 0 0 1 0 1 1 1 1 2 0 0 1 1 0 0 0 1 0 1 0

Maira aenea

1 0 1 1 0 0 0 1 1 1 1 1 1 0 0 0 0 0 0 1 0 1 0 1 1 2 0 0 0 0 0 0 0 1 0 1 0

Nusa infumata

2 0 2 0 0 0 0 1 1 1 1 1 1 0 0 0 0 0 0 1 0 1 1 1 1 2 0 0 1 1 0 0 0 1 0 1 0

Hoplistomerus nobilis

1 0 1 0 2 0 0 1 0 0 1 1 1 0 0 0 0 0 0 2 0 1 1 1 1 2 0 0 2 1 1 0 1 1 0 1 0

Laphystia aegyptiaca

1 0 1 0 0 0 0 1 0 0 1 1 1 0 0 0 0 0 0 2 0 1 0 1 1 2 0 0 2 0 0 0 1 1 0 1 0

Laphystia tolandi

1 0 1 0 0 0 0 0 0 0 1 1 1 0 0 1 0 0 0 2 0 1 0 1 1 2 0 0 2 0 0 0 1 1 0 1 0
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149 150 151 152 153 154 155 156 157 158 159 160 161 162 163 164 165 166 167 168 169 170 171 172 173 174 175 176 177 178 179 180 181 182 183 184 185

Dicolonus simplex

1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 0 0 0 4 - 0 2 0 0 0 0 1 1 0 1 1 0 0 0

Eudioctria albius

1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 4 - 0 2 0 0 0 0 1 1 0 1 0 0 1 0

Andrenosoma cyrtoxys

1 0 0 0 0 0 0 0 0 0 0 2 2 2 2 0 0 0 0 0 0 1 - 3 2 0 0 0 0 0 1 2 2 0 1 0 1

Hyperechia nigripennis

1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 - 3 2 0 0 0 0 1 1 2 1 0 1 0 1

Pilica formidolosa

1 0 0 0 0 0 0 0 0 0 0 2 2 2 2 0 0 0 0 0 0 1 - 3 2 0 0 0 0 0 1 2 2 0 1 0 1

Dasyllis funebris

1 0 0 0 0 0 0 0 0 0 0 2 2 2 2 0 0 0 0 0 0 1 - 3 2 0 0 0 0 0 1 2 2 0 1 0 1

Proagonistes praeceps

1 0 0 0 0 0 0 0 0 0 0 2 2 2 2 0 0 0 0 0 0 1 - 3 2 0 0 0 0 1 1 2 1 0 1 0 1

Atomosia puella

1 1 1 0 0 0 0 0 0 1 0 2 2 0 0 0 0 1 1 0 0 0 - 5 2 0 0 0 0 1 1 2 1 0 0 0 0

Aphestia annulipes

1 1 1 0 0 0 0 0 0 0 0 2 2 2 2 2 0 1 1 0 0 0 - 5 2 0 0 0 0 1 1 2 1 0 0 0 0

Cerotainia albipilosa

1 1 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 1 1 0 0 0 - 5 2 0 0 0 0 1 1 2 0 0 0 1 0

Goneccalypsis argenteoviridis

1 1 1 0 0 0 0 0 0 0 0 2 2 2 2 2 2 0 0 0 0 0 - 0 2 0 0 0 0 1 1 1 1 0 0 1 0

Loewinella nigripes

1 1 1 0 0 0 0 0 0 0 0 2 2 2 2 2 2 0 0 0 0 0 - 2 2 0 0 0 0 1 1 2 1 0 0 1 0

Lamyra gulo

1 0 0 0 1 0 0 1 0 0 0 2 2 2 0 0 0 0 0 0 0 1 - 5 2 0 0 0 0 1 1 2 1 0 0 0 0

Stiphrolamyra angularis

1 0 1 0 0 0 0 0 0 0 0 2 2 2 2 0 0 0 0 0 0 1 - 5 2 0 0 0 0 1 1 2 1 0 0 0 0

Orthogonis scapularis

1 0/1 0 0 0 0 0 0 0 0 0 2 2 2 2 0 0 0 0 0 0 1 - 5 2 0 0 0 0 1 1 2 1 0 0 0 0

Smeryngolaphria numitor

1 0 0 0 0 0 0 0 0 0 0 2 2 2 2 0 0 0 0 0 0 1 - 5 2 0 0 0 0 1 1 2 1 0 0 0 0

Laphria flava

1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 - 0 2 0 0 0 0 1 1 2 2 0 0 0 0

Laphria aktis

1 0 0 0 0 0 0 0 0 0 0 2 2 0 0 0 0 0 0 0 0 1 - 5 2 0 0 0 0 1 1 2 1 0 0 0 0

Choerades bella

1 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 1 - 5 2 0 0 0 0 1 1 2 1 0 0 0 0

Lampria clavipes

1 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 1 - 5 2 0 0 0 0 1 1 2 1 0 0 0 0

Laxenecera albicincta

1 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 - 5 2 0 0 0 0 1 1 2 1 0 0 0 0

Maira aenea

1 0 0 0 0 0 0 0 0 0 0 2 2 2 2 0 0 0 0 0 0 1 - 5 2 0 0 0 0 1 1 2 1 0 0 0 0

Nusa infumata

1 0 0 0 0 0 0 0 0 0 0 2 2 2 2 2 0 0 0 0 0 1 - 5 2 0 0 0 1 1 1 0 1 1 0 0 0

Hoplistomerus nobilis

1 0 1 0 0 0 0 0 0 0 0 2 2 2 2 2 0 0 0 0 0 0 - 5 2 0 0 0 0 1 1 2 1 0 0 0 0

Laphystia aegyptiaca

1 0 0 0 0 0 0 0 0 0 0 2 2 2 2 2 0 0 0 0 0 0 - 5 2 0 0 0 1 1 1 0 1 0 0 0 2

Laphystia tolandi

1 0 0 0 0 0 0 0 0 0 0 2 2 2 2 2 0 0 0 0 0 0 - 5 2 0 0 0 1 1 1 2 1 0 0 0 0
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186 187 188 189 190 191 192 193 194 195 196 197 198 199 200 201 202 203 204 205 206 207 208 209 210 211 212 213 214 215 216 217 218 219 220

Dicolonus simplex

0 0 0 0 0 0 0 4 - 0 0 0 0 1 - 0 0 0 1 1 2 0 0 0 0 1 0 1 0 0 0 0 1 0 0

Eudioctria albius

0 0 0 0 0 0 0 4 - 1 0 0 0 0 - 0 1 0 1 1 2 0 0 0 0 1 0 1 0 0 0 0 1 0 0

Andrenosoma cyrtoxys

2 2 2 2 0 0 0 5 0 1 0 0 0 2 1 0 1 0 0 1 2 0 0 0 0 0 0 2 2 1 0 1 1 1 0

Hyperechia nigripennis

0 0 0 0 0 0 0 5 0 1 0 0 0 2 0 0 1 0 0 1 2 0 0 0 0 0 0 2 2 1 0 1 1 1 0

Pilica formidolosa

2 2 2 2 0 0 0 5 0 1 0 0 0 2 1 0 1 0 0 1 2 0 0 1 0 0 0 2 2 1 0 1 1 1 0

Dasyllis funebris

2 2 2 2 0 0 0 5 0 1 0 0 0 2 1 0 1 0 0 1 2 0 0 0 0 0 0 2 2 1 0 1 1 1 0

Proagonistes praeceps

2 2 0 0 0 0 0 5 0 1 0 0 0 2 1 0 1 0 0 1 2 0 0 0 0 0 0 2 2 1 0 1 1 1 0

Atomosia puella

2 2 2 2 0 0 0 6 - 1 0 0 0 1 - 0 1 0 0 1 1 0 0 0 0 0 0 1 2 0 0 1 1 0 0

Aphestia annulipes

2 2 2 2 2 0 0 1 - 1 0 0 0 1 - 0 1 0 1 1 2 0 0 1 0 0 0 3 2 0 0 1 1 0 0

Cerotainia albipilosa

0 0 0 0 0 0 0 6 - 1 0 0 0 1 - 0 1 0 0 1 1 0 0 0 0 0 0 2 2 0 0 1 1 0 0

Goneccalypsis argenteoviridis

2 2 2 2 2 2 0 1 - 1 0 0 0 2 0 0 1 0 0 1 2 0 0 0 0 0 0 2 2 0 0 1 1 0 0

Loewinella nigripes

2 2 2 2 2 2 0 1 - 1 0 0 0 2 0 0 1 0 0 1 2 0 0 0 0 0 0 2 2 0 0 1 1 0 0

Lamyra gulo

2 2 2 2 0 0 0 3 0 1 0 0 0 1 - 0 1 1 0 1 2 0 0 0 0 0 0 3 2 1 0 1 1 1 0

Stiphrolamyra angularis

2 2 2 0 0 0 0 3 0 1 0 0 0 2 1 1 1 1 1 1 1 0 0 0 0 0 0 2 2 1 0 1 1 1 0

Orthogonis scapularis

2 2 2 2 0 0 0 5 0 1 0 0 0 2 0 0 1 0 0 1 1 0 0 0 0 0 0 2 2 1 0 1 1 1 0

Smeryngolaphria numitor

2 2 2 2 0 0 0 5 0 1 0 0 0 1 - 0 1 1 1 1 2 0 0 0 0 0 0 2 2 1 0 1 1 1 2

Laphria flava

0 0 0 0 0 0 0 1 0 1 0 0 0 2 1 0 1 1 0 1 1 0 0 0 0 0 0 3 2 1 0 1 1 1 0

Laphria aktis

0 0 0 0 0 0 0 1 0 1 0 0 0 2 1 0 1 1 0 1 1 0 0 0 0 0 0 2 2 1 0 1 0 0 0

Choerades bella

2 0 0 0 0 0 0 5 0 1 0 0 0 2 1 0 1 0 0 1 2 0 0 0 0 0 0 3 2 1 0 1 1 1 0

Lampria clavipes

2 2 0 0 0 0 0 5 0 1 0 0 0 2 1 0 1 0 0 1 2 0 0 0 0 0 0 2 2 1 0 1 1 1 0

Laxenecera albicincta

2 2 0 0 0 0 0 3 0 1 0 0 0 2 0 0 0 1 0 1 1 0 0 0 0 0 0 2 2 1 0 1 1 1 0

Maira aenea

2 2 2 2 0 0 0 5 0 1 0 0 0 2 1 0 1 1 0 1 2 0 0 0 0 0 0 2 2 0 0 1 1 1 0

Nusa infumata

2 2 2 2 2 0 0 5 0 1 0 0 0 2 0 0 0 1 0 1 2 0 0 0 0 0 0 2 2 1 0 1 1 1 2

Hoplistomerus nobilis

2 2 2 2 2 0 0 3 0 1 0 0 0 2 1 0 0 1 0 1 2 0 0 0 0 0 0 2 2 1 0 1 1 1 0

Laphystia aegyptiaca

2 2 2 2 2 0 0 3 0 1 0 0 0 2 1 0 1 0 0 1 2 0 0 0 0 0 0 2 0 1 0 0 0 1 0

Laphystia tolandi

2 2 2 2 2 0 0 3 0 1 0 0 0 2 0 0 1 0 0 1 1 0 0 0 0 0 0 2 0 1 0 0 0 1 0
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1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37

Perasis transvaalensis

0 0 2 4 0 1 0 0 2 0 1 0 0 1 1 0 0 0 1 0 1 0 2 1 1 - 1 0 1 1 1 0 1 1 1 0 1

Protometer sp. (El Tuparro)

0 0 2 4 0 1 0 0 2 0 1 1 0 2 1 0 0 0 0 0 0 0 1 0 0 0 1 0 1 1 1 0 1 1 1 0 1

Psilocurus modestus

0 0 2 2 0 1 1 0 2 0 1 1 0 2 1 0 0 0 0 0 0 0 1 0 0 0 1 0 1 1 1 0 1 1 1 0 1

Trichardis testacea

0 0 2 4 0 1 0 0 2 0 1 1 0 1 1 0 0 0 0 0 0 0 1 0 0 0 1 0 1 1 1 0 1 1 1 0 1

Zabrops tagax

0 0 2 3 0 1 2 0 2 0 1 0 0 2 1 0 0 0 0 0 0 0 1 0 1 0 1 0 1 1 1 0 1 1 1 0 1

Leptogaster cylindrica

0 0 1 1 0 1 0 0 2 0 0 1 0 0 1 0 0 0 0 0 0 0 2 0 0 1 1 0 1 1 1 0 2 1 2 0 0

Leptogaster arida

0 0 1 1 0 1 0 0 2 0 0 1 0 0 1 0 0 0 0 0 0 0 2 0 0 1 1 0 1 1 1 0 2 1 2 0 0

Beameromyia bifida

0 0 1 1 0 1 0 0 2 0 0 1 0 0 1 0 0 0 0 0 0 0 2 0 0 1 1 0 1 1 1 0 2 1 2 0 2

Euscelidia pulchra

0 0 1 1 0 1 0 0 2 0 0 1 0 0 1 0 0 0 0 0 0 0 2 0 0 1 1 0 1 1 1 0 2 1 2 0 0

Lasiocnemus lugens

0 0 2 1 0 1 0 0 2 0 0 1 0 0 1 0 0 0 0 0 0 0 2 0 0 1 1 0 1 1 1 0 2 1 2 0 0

Tipulogaster glabrata

0 0 2 1 0 1 0 0 2 0 0 1 0 0 1 0 0 0 0 0 0 0 2 0 0 1 1 0 1 1 1 0 2 1 2 0 0

Afroestricus chiastoneurus

0 0 2 3 0 1 2 0 2 0 0 0 0 1 1 0 0 0 0 0 0 0 1 0 0 1 1 0 0 1 1 0 1 1 2 0 0

Cophinopoda chinensis

0 0 2 4 0 1 1 0 2 0 0 0 0 1 1 0 0 0 0 0 0 0 1 0 0 1 1 0 0 1 1 0 1 1 0 0 1

Emphysomera conopsoides

0 0 2 1 0 1 3 0 2 0 0 0 0 1 1 0 0 0 0 0 0 0 1 0 0 1 1 0 0 1 1 0 1 1 2 0 0

Emphysomera pallidapex

0 0 2 2 0 1 3 0 2 0 0 0 0 1 1 0 0 0 0 0 0 0 1 0 0 1 1 0 0 1 1 0 1 1 2 0 0

Michotamia aurata

0 0 2 1 0 1 0 0 2 0 0 0 0 1 1 0 0 0 0 0 0 0 1 0 0 1 1 0 0 1 1 0 1 1 2 0 0

Ommatius incurvatus

0 0 2 3 0 1 2 0 2 0 0 0 0 1 1 0 0 0 0 0 0 0 1 0 0 1 1 0 0 1 1 0 1 1 2 0 0

Ommatius tibialis

0 0 2 2 0 1 3 0 2 0 0 0 0 1 1 0 0 0 0 0 0 0 1 0 0 1 1 0 0 1 1 0 1 1 2 0 1

Acronyches maya

0 0 2 2 0 1 0 0 2 0 0 1 0 0 1 0 0 0 0 0 0 0 1 0 0 1 1 0 1 1 1 0 2 1 1 0 1

Bathypogon nigrinus

0 0 1 3 0 1 2 0 2 0 0 0 0 2 1 0 0 0 1 0 0 0 1 0 0 1 1 0 1 1 1 0 1 1 2 0 1

Ceraturgus fasciatus

0 0 2 4 0 1 2 0 2 0 1 1 0 1 1 0 0 2 1 0 0 1 1 1 1 0 1 1 1 1 1 0 1 1 1 0 1

Myelaphus melas

0 0 2 1 0 1 0 0 2 0 1 0 0 2 1 0 0 0 1 0 0 0 1 0 1 0 1 0 1 1 1 1 1 1 1 0 1

Cyrtopogon lateralis

0 0 2 4 0 1 3 0 2 0 1 1 0 0 1 0 0 0 0 0 0 0 1 0 0 1 1 1 1 1 1 0 1 1 1 0 1

Cyrtopogon rattus

0 0 2 4 0 1 3 0 2 0 1 1 0 1 1 0 0 0 0 0 0 0 1 0 0 1 1 1 1 1 1 0 1 1 1 0 1

Afroholopogon peregrinus

0 0 2 0 0 1 0 0 2 0 1 0 0 0 1 0 0 0 0 0 0 0 1 0 0 1 1 0 1 1 1 0 1 1 1 0 1

Dasycyrton gibbosus

0 0 2 3 0 1 2 0 2 0 1 0 0 0 1 0 0 0 2 0 0 0 1 0 0 1 1 1 1 1 1 1 1 1 1 0 1
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38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60 61 62 63 64 65 66 67 68 69 70 71 72 73 74

Perasis transvaalensis

1 1 1 0 1 0 0 2 0 0 0 1 0 1 1 0 1 0 0 1 2 0 0 0 2 0 0 0 2 0 1 2 2 0 1 1 0

Protometer sp. (El Tuparro)

1 1 1 0 1 0 0 0 0 0 0 0 0 1 1 0 2 0 0 1 2 0 0 0 1 0 0 0 2 0 1 1 1 0 1 1 0

Psilocurus modestus

1 1 1 0 1 0 0 0 1 0 0 0 0 1 1 0 2 0 0 1 2 0 0 0 1 0 0 0 2 0 1 1 1 0 1 1 0

Trichardis testacea

1 1 1 0 1 0 0 0 1 0 0 0 0 1 1 0 2 1 0 1 2 0 0 0 2 0 0 0 2 0 1 2 1 0 1 2 0

Zabrops tagax

1 1 1 0 1 0 0 0 0 0 0 0 0 1 1 0 2 0 0 1 2 0 0 0 2 0 0 0 2 0 1 1 1 0 1 1 0

Leptogaster cylindrica

1 1 1 0 0 0 0 0 1 0 0 0 0 1 1 0 0 0 0 0 2 0 0 0 0 0 0 0 2 0 1 0 0 0 2 1 0

Leptogaster arida

1 1 1 0 0 0 0 0 1 0 0 0 0 1 1 0 0 0 0 0 2 0 0 0 0 0 0 0 2 0 1 0 0 0 2 1 0

Beameromyia bifida

1 1 1 0 0 0 0 0 1 0 0 0 0 1 1 0 0 0 0 0 2 0 0 0 0 0 0 0 1 0 1 0 0 0 2 1 0

Euscelidia pulchra

1 1 1 0 0 0 0 0 1 0 0 0 0 1 1 0 0 0 0 0 2 0 0 0 0 0 0 0 1 0 1 0 0 0 2 1 0

Lasiocnemus lugens

1 1 1 0 0 0 0 0 1 0 0 0 0 1 1 0 0 0 0 0 2 0 0 0 0 0 0 0 1 0 1 0 0 0 2 1 0

Tipulogaster glabrata

1 1 1 0 0 0 0 0 1 0 0 0 0 1 1 0 0 0 0 0 2 0 0 0 0 0 0 0 2 0 1 0 0 0 2 1 3

Afroestricus chiastoneurus

1 1 1 0 0 0 0 0 1 0 0 0 0 1 1 0 5 0 0 0 2 1 0 0 2 0 0 0 2 0 1 2 1 0 1 1 4

Cophinopoda chinensis

1 1 1 0 0 0 0 0 1 0 0 0 0 1 1 0 5 1 0 0 2 1 0 0 2 0 0 0 2 0 1 2 1 0 1 1 3

Emphysomera conopsoides

1 1 1 0 0 0 0 0 1 0 0 0 0 1 1 0 5 1 0 0 2 1 0 0 2 0 0 0 2 1 1 2 1 0 1 1 1

Emphysomera pallidapex

1 1 1 0 0 0 0 0 1 0 0 0 0 1 1 0 5 0 0 0 2 1 0 0 2 0 0 0 2 1 1 2 1 0 1 1 1

Michotamia aurata

1 1 1 0 0 0 0 0 1 0 0 0 0 1 1 0 0 0 0 0 2 1 0 0 2 0 0 0 2 0 1 2 1 0 1 1 3

Ommatius incurvatus

1 1 1 0 0 0 0 0 1 0 0 0 0 1 1 0 5 0 0 0 2 1 0 0 2 0 0 0 2 1 1 2 1 0 1 1 4

Ommatius tibialis

1 1 1 0 0 0 0 0 1 0 0 0 0 1 1 0 5 0 0 0 2 1 0 0 2 0 0 0 2 0 1 2 1 0 1 1 4

Acronyches maya

1 1 1 0 0 0 0 0 1 0 2 0 0 1 1 0 1 0 0 0 2 0 0 0 0 0 0 0 2 0 1 2 1 0 1 1 3

Bathypogon nigrinus

1 1 1 0 0 0 0 0 0 0 0 1 0 1 1 0 2 0 0 0 2 0 0 0 2 0 0 0 2 0 1 2 1 0 1 1 3

Ceraturgus fasciatus

1 1 1 0 0 0 0 0 1 0 0 0 0 1 1 0 1 1 0 3 1 0 0 0 2 0 0 0 2 0 1 1 1 0 1 1 2

Myelaphus melas

1 1 1 0 1 0 0 0 0 0 0 1 0 1 1 1 1 0 0 3 1 0 0 0 2 0 0 0 2 0 1 1 1 0 1 1 3

Cyrtopogon lateralis

1 1 1 0 0 0 0 0 0 0 0 0 0 1 1 0 1 1 0 0 1 0 0 0 1 0 0 0 2 0 1 1 1 0 1 1 3

Cyrtopogon rattus

1 1 1 0 0 0 0 0 1 0 0 0 0 1 1 0 1 0 0 1 1 0 0 0 1 0 0 0 2 0 1 1 1 0 1 1 3

Afroholopogon peregrinus

1 1 1 0 0 0 0 0 1 0 0 0 0 1 1 0 1 0 0 0 1 0 0 0 1 0 0 0 2 0 1 2 1 0 1 1 2

Dasycyrton gibbosus

1 1 1 0 1 0 0 0 1 0 0 0 0 1 1 0 0 0 0 0 1 0 0 0 1 0 0 0 2 0 1 1 1 0 1 0 3
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75 76 77 78 79 80 81 82 83 84 85 86 87 88 89 90 91 92 93 94 95 96 97 98 99 100 101 102 103 104 105 106 107 108 109 110 111

Perasis transvaalensis

1 1 0 1 1 0 0 0 2 0 1 0 0 1 1 1 1 0 1 0 0 1 1 0 1 1 0 0 0 1 1 0 - 0 0 2 0

Protometer sp. (El Tuparro)

1 1 0 1 1 0 0 0 2 0 1 0 0 2-Jan 1 1 1 0 1 0 0 1 1 0 1 1 0 1 0 1 1 0 - 0 0 2 0

Psilocurus modestus

1 1 0 1 1 0 0 0 2 0 1 0 0 1 1 1 1 1 1 1 0 1 1 2 1 0 0 1 0 1 1 0 - 0 0 2 0

Trichardis testacea

1 1 0 1 1 1 0 0 2 0 1 1 0 2 1 1 1 0 1 0 1 1 1 0 1 1 0 1 0 1 1 0 - 0 0 2 0

Zabrops tagax

1 1 0 1 1 0 0 0 2 0 1 0 0 2 1 1 1 1 1 1 0 2 1 2 1 1 0 0 0 1 1 0 - 0 0 2 0

Leptogaster cylindrica

1 1 0 2 2 0 0 0 1 0 0 0 0 1 1 1 1 0 1 1 0 2 1 1 1 0 0 1 0 0 1 0 - 0 1 0 1

Leptogaster arida

1 1 0 2 2 0 0 0 1 0 0 0 0 1 1 1 0 0 1 1 0 2 1 1 0 0 0 1 0 0 1 0 - 0 1 0 1

Beameromyia bifida

1 1 0 2 2 0 0 0 1 0 0 0 0 1 1 1 0 1 1 1 0 1 1 1 1 0 0 1 0 0 1 0 - 0 1 0 1

Euscelidia pulchra

1 1 0 2 2 0 0 0 1 0 0 0 0 1 1 1 0 0 1 1 1 2 1 1 1 0 0 2 0 0 1 0 - 0 1 0 1

Lasiocnemus lugens

1 1 0 2 2 0 0 0 2 0 0 1 0 2 1 1 0 0 1 1 0 2 1 1 1 0 0 2 0 0 1 0 - 0 1 0 1

Tipulogaster glabrata

0 1 0 2 2 0 0 0 1 0 0 0 0 1 1 1 0 0 0 0 0 2 1 1 1 0 0 1 0 0 1 0 - 0 1 0 1

Afroestricus chiastoneurus

0 1 0 1 1 0 1 0 2 0 1 2 0 2 1 1 1 1 1 1 0 1 1 2 1 0 1 3 0 1 1 0 - 0 1 2 0

Cophinopoda chinensis

0 1 0 1 1 0 1 0 2 0 1 1 0 2 1 1 1 0 1 1 0 1 1 2 1 0 1 3 0 1 1 0 - 0 1 2 0

Emphysomera conopsoides

0 1 0 1 1 0 1 0 2 0 2 2 0 2 1 1 1 1 1 1 0 1 1 2 1 0 1 3 0 1 1 0 - 0 1 2 0

Emphysomera pallidapex

0 1 0 1 1 0 1 0 2 0 2 2 0 2 1 1 1 1 1 1 0 1 1 2 1 0 1 3 0 1 1 0 - 0 1 2 0

Michotamia aurata

0 1 0 1 1 1 1 0 2 0 2 2 0 3 1 1 1 0 1 1 0 1 1 0 1 0 1 3 0 1 1 0 - 0 1 2 0

Ommatius incurvatus

0 1 0 1 1 0 1 0 2 0 2 1 0 2 1 1 1 0 0 1 0 1 1 2 1 0 1 3 0 1 1 0 - 0 1 2 0

Ommatius tibialis

0 1 0 1 1 0 1 0 2 0 2 1 0 2 1 1 1 0 1 1 0 1 1 1 1 0 1 3 0 1 1 0 - 0 1 2-Jan 0

Acronyches maya

0 1 0 1 1 0 0 0 1 0 0 0 0 1 1 1 1 0 1 1 0 2 1 1 1 1 0 0 0 0 1 0 - 0 1 0 0

Bathypogon nigrinus

0 1 0 0 1 0 0 0 2 0 0 0 0 2 1 1 1 0 1 1 0 1 1 2 1 0 0 0 0 1 1 0 - 0 1 2 0

Ceraturgus fasciatus

0 1 0 1 1 0 0 0 2 0 0 0 0 2 1 1 1 0 1 1 0 1 1 1 1 0 0 0 0 1 1 0 - 0 0 2 0

Myelaphus melas

0 1 0 2 2 0 0 0 2 0 0 0 0 0/1 1 1 0 0 1 0 0 1 1 0 1 0 0 0 0 1 1 0 - 0 1 0 0

Cyrtopogon lateralis

0 1 0 1 1 0 0 0 2 0 0 0 0 2 1 1 1 1 1 1 0 1 1 1 1 0 0 0 0 1 1 0 - 0 1 2 0

Cyrtopogon rattus

0 1 0 1 1 0 0 0 2 0 0 0 0 2 1 1 1 1 1 1 0 1 1 2 1 0 0 0 0 1 1 0 - 0 1 2 0

Afroholopogon peregrinus

0 1 0 1 1 0 0 0 2 0 0 0 0 2 1 1 0 1 1 1 0 1 1 1 0 0 0 0 0 1 0 0 - 0 1 2 0

Dasycyrton gibbosus

0 1 0 1 1 0 0 0 2 0 0 0 0 2 1 0 0 1 1 1 0 1 1 1 0 0 0 0 0 1 1 0 - 0 1 2 0
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112 113 114 115 116 117 118 119 120 121 122 123 124 125 126 127 128 129 130 131 132 133 134 135 136 137 138 139 140 141 142 143 144 145 146 147 148

Perasis transvaalensis

1 0 2 0 0 0 0 0 1 1 1 1 1 0 0 0 0 0 0 2 0 1 1 1 1 2 0 0 0 0 1 0 1 1 0 1 0

Protometer sp. (El Tuparro)

1 0 2 0 0 0 0 0 1 1 1 1 1 0 0 0 0 0 0 2 0 1 0 1 1 2 0 0 2 0 1 0 1 1 0 1 0

Psilocurus modestus

1 0 2 0 0 0 0 0 0 0 1 1 1 0 0 0 0 0 1 0 0 1 0 1 1 2 0 0 0 0 0 0 0 1 0 1 0

Trichardis testacea

1 0 1 0 2 0 0 1 0 0 0 1 1 0 0 0 0 0 0 1 0 1 1 1 1 2 0 0 1 0 1 0 1 1 0 1 0

Zabrops tagax

1 0 2 0 0 0 0 0 0 0 1 1 1 0 0 0 0 0 0 2 0 1 1 1 1 2 0 0 0 0 1 0 1 1 0 1 0

Leptogaster cylindrica

1 0 1 0 0 0 0 0 0 0 0 0 - 1 0 1 0 0 2 0 0 0 0 0 0 1 0 0 0 0 0 2 0 1 0 1 0

Leptogaster arida

1 0 1 0 0 0 0 0 1 1 0 0 - 1 0 1 0 0 2 0 0 0 0 0 0 1 0 0 0 0 0 2 0 1 0 1 0

Beameromyia bifida

1 0 1 0 0 0 0 0 1 1 1 0 - 1 0 1 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 2 0 1 0 1 0

Euscelidia pulchra

0 0 1 0 0 0 0 0 1 0 1 0 - 1 0 1 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 1 0

Lasiocnemus lugens

1 0 1 0 0 0 0 0 0 0 0 0 - 1 0 1 0 0 2 0 0 0 0 0 1 1 0 0 0 0 0 2 0 1 0 1 0

Tipulogaster glabrata

0 0 1 0 0 0 0 0 1 1 1 0 - 1 0 1 0 0 2 0 0 0 0 0 0 1 0 0 0 0 0 2 0 1 0 1 0

Afroestricus chiastoneurus

2 0 2 0 1 0 0 0 0 0 1 1 1 0 0 0 0 0 0 1 0 0 0 1 1 2 1 0 0 0 0 0 0 1 0 1 0

Cophinopoda chinensis

2 0 2 0 1 0 0 0 0 1 1 1 1 0 0 0 0 0 0 1 0 0 0 1 1 2 1 0 0 0 0 0 0 1 0 1 0

Emphysomera conopsoides

2 0 2 0 1 0 0 0 0 0 1 1 1 0 0 1 1 0 0 1 0 0 0 1 1 2 0 0 0 0 0 0 0 1 0 1 0

Emphysomera pallidapex

2 0 2 0 1 0 0 0 0 0 1 1 1 0 0 1 0 0 0 1 0 0 0 1 1 2 1 0 0 0 0 0 0 1 0 1 0

Michotamia aurata

2 0 2 0 0 0 0 0 0 1 1 1 1 0 0 1 0 0 0 1 0 0 0 1 1 2 1 0 0 1 0 0 0 1 0 1 0

Ommatius incurvatus

1 0 2 0 1 0 0 0 0 1 1 1 1 0 0 0 1 0 0 1 0 0 0 1 1 2 0 0 0 0 0 0 0 1 0 1 0

Ommatius tibialis

2 0 2 0 1 0 0 0 0 0 1 1 1 0 0 1 1 0 0 1 0 0 0 1 1 2 0 0 0 0 0 0 0 1 0 1 0

Acronyches maya

1 0 1 0 0 0 0 0 1 1 1 0 - 1 0 2 0 0 2 0 0 0 0 0 1 0 0 0 0 1 0 2 0 1 0 1 0

Bathypogon nigrinus

2 1 2 0 0 0 0 0 1 1 1 1 1 0 0 0 0 0 0 0 0 1 0 1 1 2 0 0 0 0 1 0 1 1 0 1 0

Ceraturgus fasciatus

1 0 1 0 0 0 0 0 0 0 1 1 1 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0

Myelaphus melas

1 0 2 0 0 0 0 0 0 0 1 1 1 0 0 0 0 0 0 0 0 1 0 0 1 2 0 0 0 0 0 0 0 1 0 1 0

Cyrtopogon lateralis

1 0 1 0 1 0 0 0 1 0 1 1 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0

Cyrtopogon rattus

1 0 1 0 0 0 0 0 1 0 1 1 1 0 0 0 0 0 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0

Afroholopogon peregrinus

1 0 1 0 0 0 0 0 1 0 1 1 1 0 0 1 0 0 1 0 0 0 0 0 1 0 1 0 2 0 0 0 0 1 0 1 0

Dasycyrton gibbosus

1 0 1 0 0 0 0 0 1 0 1 1 1 0 0 1 0 0 0 0 0 0 0 0 1 2 0 0 2 0 0 0 0 1 0 1 0
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149 150 151 152 153 154 155 156 157 158 159 160 161 162 163 164 165 166 167 168 169 170 171 172 173 174 175 176 177 178 179 180 181 182 183 184 185

Perasis transvaalensis

1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 - 5 2 0 0 0 1 1 1 0 1 0 0 0 2

Protometer sp. (El Tuparro)

1 0 0 0 0 0 0 0 0 0 0 2 2 2 2 2 0 0 0 0 0 0 - 5 2 0 0 0 1 1 1 2 1 0 0 0 0

Psilocurus modestus

1 0 0 0 0 0 0 0 0 0 0 2 2 2 2 2 0 0 0 0 0 0 - 5 2 0 0 0 0 1 1 1 1 0 0 0 0

Trichardis testacea

1 0 1 0 0 0 0 0 0 0 0 2 2 2 2 2 0 0 0 0 0 0 - 5 2 0 0 0 0 1 1 2 1 0 0 0 0

Zabrops tagax

1 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 - 5 2 0 0 0 0 1 1 2 1 0 0 0 0

Leptogaster cylindrica

1 0 0 0 2 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 - 4 2 0 0 0 1 0 1 1 1 0 0 1 0

Leptogaster arida

1 0 0 0 2 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 - 4 2 0 0 0 1 0 1 1 2 0 0 0 0

Beameromyia bifida

1 0 0 0 2 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 - 4 2 0 0 2 0 0 1 1 2 0 0 1 0

Euscelidia pulchra

1 0 0 0 2 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 - 4 2 0 0 1 0 0 1 1 1 0 0 0 0

Lasiocnemus lugens

1 0 0 0 2 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 - 4 2 0 0 1 1 0 1 1 2 0 0 0 0

Tipulogaster glabrata

1 0 0 0 2 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 - 4 2 0 0 0 1 0 1 1 2 0 0 0 0

Afroestricus chiastoneurus

1 0 0 0 1 0 0 0 0 0 0 0 0 1 1 1 1 0 0 0 0 0 - 0 2 0 0 0 0 1 1 1 0 0 0 0 1

Cophinopoda chinensis

1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 - 0 2 0 0 0 1 1 1 1 0 0 0 0 1

Emphysomera conopsoides

1 0 0 0 1 0 0 1 0 0 0 ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ?

Emphysomera pallidapex

1 0 0 0 1 0 0 1 0 0 0 0 0 1 1 1 1 0 0 0 0 0 - 4 2 0 0 0 0 1 1 1 0 0 0 0 2

Michotamia aurata

1 0 0 0 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 - 0 2 0 0 0 0 1 1 1 0 0 0 0 2

Ommatius incurvatus

1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 - 0 2 0 0 0 0 1 1 1 0 0 0 0 1

Ommatius tibialis

1 0 0 0 1 0 0 0 0 0 0 0 0 1 1 1 1 0 0 0 0 0 - 0 2 0 0 0 0 1 1 1 0 0 0 0 1

Acronyches maya

1 0 0 0 2 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 6 - 4 2 0 0 0 0 1 1 1 2 0 0 1 0

Bathypogon nigrinus

1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 1 4 0 2 2 1 0 0 0 1 1 0 1 0 0 0 1

Ceraturgus fasciatus

1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 2 1 4 0 2 1 1 0 ? 0 1 1 ? ? 0 0 0 1

Myelaphus melas

1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 4 - 0 2 0 0 ? 0 1 1 ? ? 0 0 0 0

Cyrtopogon lateralis

1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 1 4 0 2 1 1 0 0 0 1 1 1 2 0 0 0 2

Cyrtopogon rattus

1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 1 4 0 2 1 1 0 0 0 1 1 2 1 0 0 0 2

Afroholopogon peregrinus

1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 1 4 0 2 1 1 0 0 0 1 1 2 1 0 0 0 0

Dasycyrton gibbosus

1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 4 0 2 1 1 0 0 0 1 1 2 1 0 0 0 1
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186 187 188 189 190 191 192 193 194 195 196 197 198 199 200 201 202 203 204 205 206 207 208 209 210 211 212 213 214 215 216 217 218 219 220

Perasis transvaalensis

0 0 0 0 0 0 0 3 0 0 0 0 0 1 - 0 1 1 1 1 1 0 0 0 0 0 0 1 0 1 0 1 1 0 0

Protometer sp. (El Tuparro)

2 2 2 2 0 0 0 3 0 1 0 0 0 1 - 0 1 0 0 1 2 0 0 0 0 0 1 2 0 1 0 1 1 1 0

Psilocurus modestus

2 2 2 0 0 0 0 3 0 1 0 0 0 0 - 0 1 0 0 1 2 0 1 0 0 0 1 1 2 1 0 1 1 1 0

Trichardis testacea

2 2 2 2 2 0 0 3 0 1 0 0 0 2 0 0 0 1 0 1 1 0 0 0 0 0 0 2 2 1 0 1 1 1 0

Zabrops tagax

2 0 0 0 0 0 0 3 0 1 0 0 0 0 - 0 1 0 0 1 2 0 0 0 0 0 1 2 0 1 0 1 1 1 0

Leptogaster cylindrica

0 0 0 0 0 0 0 0 0 0 0 1 1 1 - 1 1 1 0 1 2 1 0 0 0 0 0 2 0 0 0 1 1 0 0

Leptogaster arida

0 0 0 0 0 0 0 0 0 0 0 1 1 0 - 1 1 1 0 1 2 1 0 0 0 0 0 2 0 0 0 1 1 0 0

Beameromyia bifida

0 0 0 0 0 0 0 0 0 0 0 1 1 2 0 2 2 1 0 1 2 1 0 0 0 0 0 2 0 0 0 1 1 0 0

Euscelidia pulchra

0 0 0 0 0 0 0 0 0 0 0 1 1 2 0 2 2 1 0 1 2 1 0 0 0 0 0 2 0 0 0 1 1 0 0

Lasiocnemus lugens

0 0 0 0 0 0 0 0 0 0 0 1 1 1 - 1 1 1 0 1 2 1 0 0 0 0 0 2 0 0 0 1 1 0 0

Tipulogaster glabrata

0 0 0 0 0 0 0 0 0 0 0 1 1 0 - 1 1 1 0 1 2 1 0 0 0 0 0 2 0 0 0 1 1 0 0

Afroestricus chiastoneurus

0 0 0 1 1 1 0 0 0 0 0 1 0 0 - 1 1 0 1 1 2 0 0 0 0 0 0 0 0 1 0 1 1 - 0

Cophinopoda chinensis

0 0 0 0 0 0 0 0 0 0 0 2 0 0 - 1 1 0 1 1 2 0 0 0 0 1 0 0 0 1 0 1 1 - 0

Emphysomera conopsoides

0 0 0 0 0 0 0 0 0 0 0 1 0 0 - 1 0 0 1 1 1 0 0 0 0 1 0 0 0 1 0 1 1 - 0

Emphysomera pallidapex

0 0 0 0 0 0 0 0 0 0 0 1 0 0 - 1 0 0 1 1 1 0 0 0 0 0 0 0 0 1 0 1 1 - 0

Michotamia aurata

0 0 0 0 0 0 0 0 0 0 0 1 0 1 - 1 0 0 1 1 2 0 0 0 0 0 0 0 0 1 0 1 0 - 0

Ommatius incurvatus

0 0 0 0 0 0 0 0 0 0 0 2 0 0 - 1 1 1 1 1 2 0 0 0 0 1 0 0 0 1 0 1 1 - 0

Ommatius tibialis

0 1 1 1 1 1 0 0 0 0 0 2 0 0 - 1 1 1 1 1 2 0 0 0 0 1 0 0 0 1 0 1 1 - 0

Acronyches maya

0 0 0 0 0 0 0 0 0 0 0 1 0 2 0 1 2 0 1 1 2 0 0 0 0 0 0 2 0 0 0 0 0 0 0

Bathypogon nigrinus

0 0 0 0 0 0 0 0 0 0 0 1 0 1 - 1 1 0 1 1 2 0 0 0 0 0 0 2 0 0 0 0 0 0 0

Ceraturgus fasciatus

0 0 0 0 0 0 0 0 0 1 0 1 0 1 - 0 0 0 1 1 2 0 0 0 0 1 1 1 0 0 0 0 1 0 0

Myelaphus melas

0 0 0 0 0 0 0 4 - 0 0 1 0 0 - 0 0 0 1 1 2 0 0 0 0 1 0 1 0 0 0 0 0 0 0

Cyrtopogon lateralis

0 0 0 0 0 0 0 4 0 0 0 1 0 0 - 1 0 0 1 1 1 0 0 0 0 1 0 1 0 0 0 0 0 0 0

Cyrtopogon rattus

0 0 0 0 0 0 0 0 0 0 0 1 0 0 - 1 0 0 1 1 1 0 0 0 0 1 1 1 0 0 0 0 0 0 0

Afroholopogon peregrinus

0 0 0 0 0 0 0 0 0 1 0 1 0 1 - 1 0 0 1 1 2 0 0 0 0 0 0 1 0 0 1 0 0 0 0

Dasycyrton gibbosus

0 0 0 0 0 0 0 4 0 0 0 1 0 1 - 0 0 0 0 1 2 0 0 0 0 0 0 1 0 0 0 0 0 0 0
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1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37

Heteropogon manicatus

0 0 2 0 0 1 0 0 2 0 1 1 0 0 1 0 0 0 0 0 0 1 1 1 1 0 1 1 1 1 1 1 1 1 1 0 1

Holopogon priscus

0 0 2 0 0 1 3 0 2 0 1 1 0 0 1 0 0 0 2 0 0 1 1 0 0 0 1 0 1 1 1 1 1 1 1 0 0

Metapogon punctipennis

0 0 2 0 0 1 0 0 2 0 1 1 0 0 1 0 0 0 1 0 0 1 1 0 1 1 1 1 1 1 1 1 1 1 1 0 1

Nannocyrtopogon lestomyiformis

0 0 2 3 0 1 2 0 2 0 1 1 0 0 1 0 0 0 1 0 0 1 1 1 0 0 1 1 1 1 1 0 1 1 1 0 1

Rhabdogaster pedion

0 0 2 1 0 1 1 0 2 0 1 1 0 2 1 0 0 0 1 0 0 0 1 1 0 0 1 0 1 1 1 1 1 1 1 0 1

Archilestris magnificus

0 0 1 2 0 1 0 0 2 0 0 1 0 0 1 0 1 2 2 0 0 1 2 1 1 0 1 1 1 1 1 1 1 1 1 0 1

Creolestes nigribarbis

0 0 2 2 0 1 1 0 2 0 1 1 0 1 1 0 0 0 1 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 1

Microstylum sp. (Karkloof)

0 0 1 2 0 1 1 0 2 0 0 0 0 1 1 0 0 2 1 0 0 1 2 1 1 1 1 0 1 1 1 0 1 1 1 0 1

Prolepsis tristis

0 0 1 3 0 1 2 0 2 0 1 1 0 1 1 0 0 0 1 0 0 1 1 1 1 1 1 1 1 1 1 0 1 1 1 0 1

Phellus olgae

0 0 1 3 0 1 2 0 2 0 1 0 0 0 1 0 0 0 1 0 0 0 1 0 1 1 1 1 1 1 1 1 1 1 1 0 1

Obelophorus terebratus

0 0 2 3 0 1 2 0 2 0 1 0 0 2 1 0 0 0 1 0 0 1 1 0 1 1 1 1 1 1 1 1 1 1 1 0 1

Plesiomma sp. (Guanacaste)

0 0 2 4 0 1 0 0 2 0 1 1 0 0 1 0 0 0 1 0 0 0 1 1 1 1 1 0 1 1 1 0 2 1 1 0 1

Stenopogon sabaudus

1 0 2 3 0 1 2 0 2 0 1 1 0 2 1 0 0 0 0 0 0 1 1 0 1 1 1 0 1 1 1 0 1 1 2 0 0

Stenopogon rufibarbis

1 0 2 4 0 1 3 0 2 0 1 1 0 2 1 0 0 0 0 0 0 1 1 0 1 1 1 0 1 1 1 0 1 1 2 0 0

Acnephalum cylindricum

0 0 2 4 0 1 3 0 2 0 1 1 0 0 1 0 0 0 1 0 0 1 1 0 1 1 1 0 1 1 1 1 1 1 1 0 1

Ancylorhynchus fulvicollis

0 0 1 2 0 1 1 0 2 0 1 1 0 0 1 0 2 0 1 0 0 1 1 1 1 1 1 2 1 1 1 0 1 1 1 0 1

Ospriocerus aeacus

1 0 1 2 0 1 1 0 2 0 1 1 0 2 1 0 0 0 0 0 0 1 1 0 1 1 1 0 1 1 1 0 1 1 2 0 0

Scleropogon subulatus

1 0 1 2 0 1 1 0 2 0 1 1 0 2 1 0 0 0 0 0 0 1 1 0 1 1 1 0 1 1 1 0 1 1 2 0 0

Scylaticus costalis

0 0 1 2 0 1 1 0 2 0 1 1 0 2 1 0 0 0 1 0 0 1 1 0 1 1 1 0 1 1 1 1 1 1 1 0 1

Sisyrnodytes sp. (Gamka)

0 0 2 1 0 1 3 0 2 0 1 1 0 0 1 0 0 0 1 0 0 1 1 0 1 1 1 0 1 1 1 1 1 1 1 0 1

Tillobroma punctipennis

0 0 2 4 0 1 3 0 2 0 1 1 0 1 1 0 0 0 0 0 0 1 1 0 1 1 1 0 1 1 1 1 1 1 1 0 1

Coleomyia setigera

0 0 2 3 0 1 2 0 2 0 1 1 0 0 1 0 0 0 0 0 0 1 1 0 0 0 1 0 1 1 1 1 1 1 1 0 1

Hypenetes stigmatias

0 0 1 3 0 1 2 0 2 0 1 1 0 1 1 0 0 2 0 0 0 0 2 1 1 - 1 0 1 1 1 1 1 1 1 0 1

Willistonina bilineata

0 0 1 1 0 1 0 1 2 0 1 1 0 2 1 0 0 0 1 0 0 1 1 0 0 1 1 0 0 1 1 0 1 1 0 0 1

Daspletis stenoura

0 0 2 4 0 1 3 0 2 0 0 0 0 1 1 0 0 2 1 0 0 0 2 1 1 1 1 0 1 1 1 1 1 1 1 0 1

Lycostommyia albifacies

0 0 1 4 0 1 0 0 2 0 1 1 0 1 1 0 0 0 0 0 0 1 2 1 1 - 1 1 1 1 1 1 1 1 1 0 1
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38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60 61 62 63 64 65 66 67 68 69 70 71 72 73 74

Heteropogon manicatus

1 1 1 0 0 0 0 0 1 0 0 0 0 1 1 0 0 1 0 0 1 0 0 0 2 0 0 2 2 0 1 2 1 0 1 2 2

Holopogon priscus

1 1 1 0 0 0 0 0 1 0 0 0 0 1 1 0 0 0 0 0 1 0 0 0 1 0 0 0 1 0 1 1 1 0 1 1 3

Metapogon punctipennis

1 1 1 0 0 0 0 0 1 0 0 0 0 1 1 0 1 0 0 0 1 0 0 0 2 0 0 0 2 0 1 1 1 0 1 2 3

Nannocyrtopogon lestomyiformis

1 1 1 0 0 0 0 0 1 0 0 0 0 1 1 0 1 0 0 0 1 0 0 0 2 0 0 0 2 1 1 1 1 0 1 1 3

Rhabdogaster pedion

1 1 1 0 0 0 0 0 1 0 0 0 0 1 1 0 1 0 0 0 1 0 0 0 1 0 0 0 2 0 1 1 1 0 1 0 3

Archilestris magnificus

1 1 1 0 0 0 0 0 0 0 0 1 0 1 1 0 1 1 0 4 3 - 0 0 2 0 0 0 2 0 1 2 2 0 1 2 3

Creolestes nigribarbis

1 1 1 0 0 0 0 0 0 0 0 0 0 1 1 0 2 0 0 0 2 0 0 0 2 0 0 0 2 1 1 1 1 0 1 1 2

Microstylum sp. (Karkloof)

1 1 0 1 0 0 0 0 0 0 0 1 0 1 1 0 2 0 0 1 2 0 0 0 1 0 0 0 2 0 1 1 2 0 1 2 3

Prolepsis tristis

1 1 0 1 0 0 0 0 0 0 0 1 0 1 1 0 1 0 0 4 3 - 0 0 2 0 0 0 2 0 1 2 2 0 1 2 3

Phellus olgae

1 1 0 1 0 0 2 0 0 0 0 0 0 1 1 0 1 0 0 1 1 0 0 0 1 0 0 0 1 0 1 2 1 0 1 1 3

Obelophorus terebratus

1 1 0 1 0 0 0 0 0 0 0 0 0 1 1 0 2 0 0 0 2 0 0 0 1 0 0 0 1 0 1 1 1 0 1 1 2

Plesiomma sp. (Guanacaste)

1 1 2 0 0 0 2 0 0 0 2 0 0 1 1 0 1 1 0 1 1 0 0 0 2 0 0 0 2 0 1 2 1 0 1 2 3

Stenopogon sabaudus

1 1 0 1 0 0 0 0 0 0 0 1 0 1 1 0 0 1 0 0 1 0 0 0 2 0 0 0 2 0 1 2 2 0 1 2 2

Stenopogon rufibarbis

1 1 0 1 0 0 0 0 0 0 0 0 0 1 1 0 0 1 0 0 1 0 0 0 1 0 0 0 2 1 1 2 2 0 1 1 2

Acnephalum cylindricum

1 1 0 0 0 0 0 0 1 0 0 1 0 1 1 0 0 1 0 0 1 0 0 0 2 0 0 2 2 0 1 2 2 0 1 1 2

Ancylorhynchus fulvicollis

1 1 0 0 0 0 0 0 0 0 0 1 0 1 1 0 1 0 0 1 2 0 0 0 1 0 0 0 2 0 1 2 2 0 1 2 2

Ospriocerus aeacus

1 1 0 1 0 0 0 0 0 0 0 1 0 1 1 1 1 0/1 0 1 2 0 0 0 2 0 0 0 2 0 1 2 2 0 1 2 2

Scleropogon subulatus

1 1 0 1 0 0 0 0 0 0 0 1 0 1 1 0 0 1 0 0 1 0 0 0 2 0 0 0 2 0 1 2 2 0 1 2 2

Scylaticus costalis

1 1 0 1 0 0 0 0 0 0 0 1 0 1 1 0 1 0 0 1 2 0 0 0 1 0 0 0 2 0 1 2 1 0 1 2 2

Sisyrnodytes sp. (Gamka)

1 1 0 1 0 0 0 3 1 0 0 0 0 1 1 0 0 0 0 0 1 0 0 0 2 0 0 2 2 0 1 2 1 0 1 2 2

Tillobroma punctipennis

1 1 0 1 0 0 0 0 1 0 0 0 0 1 1 0 2 0 0 1 2 0 0 0 2 0 0 0 1 0 1 1 1 0 1 1 3

Coleomyia setigera

1 1 0 1 0 0 0 0 1 0 0 1 0 1 1 0 2 0 0 1 2 0 0 0 2 0 0 0 2 0 1 2 2 0 1 2 3

Hypenetes stigmatias

1 1 0 0 0 0 0 0 0 0 0 0 0 1 1 0 2 0 0 1 2 0 0 0 2 0 0 0 2 0 1 2 1 0 1 1 2

Willistonina bilineata

1 1 0 0 0 0 0 0 1 0 1 1 0 1 1 0 2 1 0 1 2 0 0 0 2 0 1 0 2 0 1 2 1 0 1 1 3

Daspletis stenoura

1 1 0 1 0 0 0 0 0 0 0 1 0 1 1 0 2 0 0 4 3 - 0 0 2 0 0 2 2 0 1 2 2 0 1 2 2

Lycostommyia albifacies

1 1 0 1 0 0 0 0 0 0 0 0 0 1 1 0 1 0 0 1 1 0 0 0 1 0 0 2 2 0 1 1 1 0 1 1 2

APPENDIX 1
(Continued, extended)

2009 DIKOW: PHYLOGENY OF ASILIDAE 163



75 76 77 78 79 80 81 82 83 84 85 86 87 88 89 90 91 92 93 94 95 96 97 98 99 100 101 102 103 104 105 106 107 108 109 110 111

Heteropogon manicatus

0 1 0 1 1 0 0 0 2 0 1 0 0 2 1 1 1 0 1 1 0 1 1 2 1 0 0 0 0 1 0 0 - 0 1 2 0

Holopogon priscus

0 1 0 1 1 0 0 0 1 0 1 0 0 2 1 0 1 1 1 1 0 1 1 1 1 0 0 0 0 1 1 0 - 0 1 2 0

Metapogon punctipennis

0 1 0 0 1 0 0 0 2 0 0 0 0 2 1 1 1 1 1 1 0 1 1 2 1 0 0 0 0 1 1 0 - 0 1 2 0

Nannocyrtopogon lestomyiformis

0 1 0 0 1 0 0 0 2 0 0 0 0 2 1 1 1 1 1 1 0 1 1 2 1 0 0 0 0 1 1 0 - 0 1 2 0

Rhabdogaster pedion

0 1 0 1 1 0 0 0 1 0 0 0 0 2 1 1 1 1 1 1 0 1 1 2 0 0 0 3 0 1 1 0 - 0 1 2 0

Archilestris magnificus

0 1 0 0 1 0 0 0 2 0 0 0 0 3 1 1 1 0 1 1 0 1 1 2 0 0 0 0 0 1 1 0 - 0 1 2 0

Creolestes nigribarbis

0 1 0 1 1 0 0 0 2 0 1 0 0 3 1 1 1 1 1 1 0 1 1 2 1 0 0 0 0 1 1 0 - 0 0 2 0

Microstylum sp. (Karkloof)

0 1 0 1 1 0 0 1 2 0 1 1 0 3 1 1 1 1 1 1 0 1 1 2 1 0 0 0 0 1 0 0 - 0 1 2 0

Prolepsis tristis

0 1 0 0 1 0 0 0 2 0 1 0 0 3 1 1 1 0 1 1 0 1 1 2 1 0 0 0 0 1 1 0 - 0 1 2 0

Phellus olgae

0 1 0 1 1 0 0 0 1 0 1 1 0 3 1 1 1 0 1 1 0 1 1 2 1 0 0 0 0 1 1 0 - 0 1 2 0

Obelophorus terebratus

0 1 0 1 1 0 0 0 2 0 0 0 0 3 1 1 1 1 1 1 0 1 1 2 1 0 0 0 0 1 1 0 - 0 1 2 0

Plesiomma sp. (Guanacaste)

0 1 0 0 1 0 0 0 2 0 0 0 0 3 1 1 1 0 1 1 0 1 0 0 0 0 0 0 0 1 0 0 - 0 1 2 0

Stenopogon sabaudus

0 1 0 0 1 0 0 0 0 0 0 0 0 3 1 1 1 1 1 1 0 1 1 2 0 0 0 0 0 1 1 0 - 0 1 2 0

Stenopogon rufibarbis

0 1 0 0 1 0 0 0 0 0 0 0 0 3 1 1 1 1 1 1 0 1 1 2 0 0 0 0 0 1 1 0 - 0 1 2 0

Acnephalum cylindricum

0 1 0 1 1 1 0 0 2 0 0 0 0 3 1 1 1 1 1 1 0 1 1 2 0 0 0 0 1 1 0 0 - 0 1 2 0

Ancylorhynchus fulvicollis

0 1 0 1 1 0 0 0 2 0 0 0 0 2 1 1 1 1 1 1 0 2 1 2 0 0 0 0 0 1 0 0 - 0 1 2 0

Ospriocerus aeacus

0 1 0 0 1 0 0 0 2 0 0 0 0 3 1 1 1 0 1 1 0 1 1 2 0 0 0 0 0 1 0 0 - 0 1 2 0

Scleropogon subulatus

0 1 0 0 1 0 0 0 1 0 0 0 0 3 1 1 1 0 1 1 0 1 1 2 0 0 0 0 0 1 0 0 - 0 1 2 0

Scylaticus costalis

0 1 0 0 1 0 0 0 2 0 0 0 0 3-Feb 1 1 1 1 1 1 0 1 1 2 0 0 0 0 0 1 0 0 - 0 1 2 0

Sisyrnodytes sp. (Gamka)

0 1 0 1 1 0 0 0 2 0 0 0 0 2 1 1 1 1 1 1 0 1 1 2 0 0 0 0 1 1 1 0 - 0 1 2 0

Tillobroma punctipennis

0 1 0 1 1 0 0 0 2 0 0 0 0 2 1 1 1 1 1 1 0 1 1 2 1 0 0 0 0 1 1 0 - 0 0 2 0

Coleomyia setigera

0 1 0 0 1 0 0 0 2 0 0 0 0 2 1 1 1 0 1 1 0 0 1 2 0 0 0 0 0 1 1 0 - 0 1 2 0

Hypenetes stigmatias

1 1 0 1 1 0 0 0 2 0 0 0 0 3 1 1 1 1 1 1 0 2 1 2 1 0 0 0 0 1 1 0 - 0 1 2 0

Willistonina bilineata

0 1 0 0 1 0 0 0 2 0 0 0 0 3 1 1 1 0 1 1 0 1 1 2 0 0 0 0 0 1 0 0 - 0 1 2 0

Daspletis stenoura

0 1 0 1 1 0 0 1 2 0 2 1 0 3 1 1 1 1 1 1 0 1 1 2 1 0 0 0 0 1 1 0 - 0 1 2 0

Lycostommyia albifacies

0 1 0 1 1 0 0 0 2 0 1 1 0 3-Feb 1 1 1 0 1 1 0 1 1 2 1 0 0 0 0 1 1 0 - 0 1 2 0
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112 113 114 115 116 117 118 119 120 121 122 123 124 125 126 127 128 129 130 131 132 133 134 135 136 137 138 139 140 141 142 143 144 145 146 147 148

Heteropogon manicatus

1 0 2 0 0 0 0 0 1 0 1 1 1 0 0 1 0 0 1 0 0 0 0 0 0 2 1 0 0 0 0 0 0 1 0 1 0

Holopogon priscus

1 1 1 0 0 0 0 0 1 0 1 1 1 0 0 1 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 1 0 1 0

Metapogon punctipennis

1 1 2 0 0 0 0 0 0 0 1 1 1 0 0 1 0 0 1 0 0 0 0 0 0 0 1 0 0 0 0 0 0 1 0 1 0

Nannocyrtopogon lestomyiformis

1 1 1 0 1 0 0 0 1 1 1 1 1 0 0 1 0 0 1 0 0 0 0 0 0 0 1 0 0 0 0 0 0 1 0 1 0

Rhabdogaster pedion

1 0 2 0 1 0 0 0 1 1 1 1 1 0 0 0 0 0 1 0 0 0 0 0 1 0 1 0 2 0 0 1 0 1 0 1 0

Archilestris magnificus

2 0 2 0 0 0 0 0 1 1 1 1 1 0 0 0 0 0 0 0 0 1 0 1 0 2 0 0 0 1 0 0 0 1 0 1 0

Creolestes nigribarbis

1 1 2 0 1 0 0 0 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 1 0 2 1 0 0 0 0 0 0 1 0 1 0

Microstylum sp. (Karkloof)

1 0 2 0 1 0 0 0 1 1 1 1 1 0 0 0 0 0 0 0 0 1 0 1 1 2 1 0 0 1 0 0 0 1 0 1 0

Prolepsis tristis

2 0 2 0 1 0 0 0 1 1 1 1 1 0 0 0 0 0 0 0 0 1 0 1 1 2 1 0 0 0 0 0 0 1 0 1 0

Phellus olgae

1 0 1 0 0 0 0 0 1 1 1 1 1 0 0 0 0 0 0 0 0 1 0 1 1 2 0 0 0 1 0 0 0 1 1 1 0

Obelophorus terebratus

1 0 2 0 1 0 0 0 1 1 1 1 1 0 0 1 0 0 0 0 0 1 0 1 1 2 1 0 0 2 0 0 0 1 1 1 0

Plesiomma sp. (Guanacaste)

2 0 2 0 0 0 0 0 1 1 1 1 1 0 0 0 0 0 0 0 0 1 0 0 1 2 1 0 0 0 0 0 0 1 0 1 0

Stenopogon sabaudus

2 0 2 0 1 0 0 0 1 1 1 1 1 0 0 0 0 0 0 0 0 1 0 1 0 2 0 0 0 0 1 0 0 1 0 1 0

Stenopogon rufibarbis

2 0 2 0 1 0 0 0 1 1 1 1 1 0 0 0 0 0 0 0 0 1 0 0 0 2 0 0 0 0 1 0 1 1 0 1 0

Acnephalum cylindricum

1 0 2 0 0 0 0 0 0 0 1 0 - 1 0 1 0 0 0 0 0 1 0 0 1 0 1 0 2 0 0 0 0 1 1 1 0

Ancylorhynchus fulvicollis

2 0 2 0 1 0 0 0 1 1 1 1 1 0 0 0 0 0 0 0 0 1 0 0 0 2 1 0 0 0 0 0 0 1 0 1 0

Ospriocerus aeacus

2 0 2 0 1 0 0 0 1 1 1 1 1 0 0 0 0 0 0 0 0 1 0 1 1 2 0 0 0 0 1 0 0 1 0 1 0

Scleropogon subulatus

2 0 2 0 1 0 0 0 1 1 1 1 1 0 0 0 0 0 0 0 0 1 0 1 1 2 0 0 0 0 1 0 0 1 0 1 0

Scylaticus costalis

2 0 2 0 1 0 0 0 1 1 1 1 1 0 0 0 0 0 0 0 0 1 0 0 0 2 1 0 0 0 0 0 0 1 0 1 0

Sisyrnodytes sp. (Gamka)

1 0 1 0 0 0 0 0 0 0 1 0 - 1 0 0 0 0 0 0 0 1 1 1 1 2 0 0 1 2 1 0 0 1 0 1 0

Tillobroma punctipennis

1 1 2 0 1 0 0 0 1 1 1 1 1 0 0 0 0 0 0 0 0 1 0 0 0 2 0 0 0 0 0 0 0 1 0 1 0

Coleomyia setigera

0 1 2 0 0 0 0 0 1 1 1 1 1 0 0 0 0 0 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0

Hypenetes stigmatias

1 1 2 0 2 0 0 0 1 0 1 1 1 0 0 0 0 0 0 0 0 1 0 0 0 2 1 0 0 0 1 0 0 1 0 1 0

Willistonina bilineata

2 1 2 0 0 0 0 0 0 0 1 1 1 0 0 0 0 0 1 0 0 1 0 0 0 0 1 0 0 0 0 0 0 1 0 1 0

Daspletis stenoura

2 0 2 0 1 0 0 0 0 1 1 1 1 0 0 0 0 0 0 0 0 1 1 1 1 2 1 0 0 0 0 0 0 1 0 1 0

Lycostommyia albifacies

1 0 2 0 2 0 0 0 1 0 1 1 1 0 0 0 0 0 0 0 0 1 0 0 0 2 0 0 0 0 0 0 0 1 0 1 0
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149 150 151 152 153 154 155 156 157 158 159 160 161 162 163 164 165 166 167 168 169 170 171 172 173 174 175 176 177 178 179 180 181 182 183 184 185

Heteropogon manicatus

1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 1 4 0 2 1 1 0 0 0 1 1 0 2 1 0 0 2

Holopogon priscus

1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 4 0 2 1 1 0 0 0 1 1 0 0 0 0 0 2

Metapogon punctipennis

1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 1 4 0 2 1 1 0 0 0 1 1 0 1 1 0 0 2

Nannocyrtopogon lestomyiformis

1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 1 4 0 2 1 1 0 0 0 1 1 0 1 0 0 0 2

Rhabdogaster pedion

1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 1 4 0 2 1 1 0 0 0 1 1 0 1 1 0 0 0

Archilestris magnificus

1 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 4 0 2 1 1 0 0 0 1 1 1 2 0 0 0 2

Creolestes nigribarbis

1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 4 0 2 1 1 0 0 0 1 1 3 2 0 0 0 3

Microstylum sp. (Karkloof)

1 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 4 0 2 1 1 0 0 0 1 1 1 2 0 0 0 3

Prolepsis tristis

1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 4 0 2 1 1 0 0 0 1 1 3 2 0 0 0 2

Phellus olgae

1 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 2 0 3 0 2 1 1 0 0 0 1 1 0 1 0 0 0 1

Obelophorus terebratus

1 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 2 0 3 0 2 1 1 0 0 0 1 1 ? ? ? 0 0 1

Plesiomma sp. (Guanacaste)

1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 1 4 0 2 1 1 0 0 1 1 1 2 1 1 0 0 2

Stenopogon sabaudus

1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 1 4 0 2 1 1 0 0 0 1 1 2 1 1 0 0 2

Stenopogon rufibarbis

1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 4 0 2 1 1 0 0 0 1 1 0 1 0 0 0 2

Acnephalum cylindricum

1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 4 0 2 1 1 0 0 0 1 1 0 1 0 0 0 0

Ancylorhynchus fulvicollis

1 0 0 0 0 0 0 0 0 0 0 ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ?

Ospriocerus aeacus

1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 4 0 2 1 1 0 0 0 1 1 2 1 1 0 0 2

Scleropogon subulatus

1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 4 0 2 1 1 0 0 0 1 1 2 1 1 0 0 2

Scylaticus costalis

1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 1 4 0 2 1 1 0 0 0 1 1 2 1 1 0 0 2

Sisyrnodytes sp. (Gamka)

1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 4 0 2 1 1 0 0 0 1 1 2 1 0 0 0 2

Tillobroma punctipennis

1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 1 4 0 2 1 1 0 0 0 1 1 2 1 1 0 0 2

Coleomyia setigera

1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 1 4 0 2 1 1 0 0 0 1 1 0 1 1 0 0 2

Hypenetes stigmatias

1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 1 4 0 2 1 1 0 0 0 1 1 3 2 0 0 0 2

Willistonina bilineata

1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 1 4 0 2 1 1 0 0 0 1 1 2 1 0 0 0 2

Daspletis stenoura

1 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 2 0 4 0 2 1 1 0 0 0 1 1 3 2 0 0 0 2

Lycostommyia albifacies

1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 4 0 2 1 1 0 0 0 1 1 2 1 0 0 0 2
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186 187 188 189 190 191 192 193 194 195 196 197 198 199 200 201 202 203 204 205 206 207 208 209 210 211 212 213 214 215 216 217 218 219 220

Heteropogon manicatus

0 0 0 0 0 0 0 4 0 0 0 0 0 1 - 0 0 0 1 1 2 0 0 0 0 0 0 2 0 0 0 0 0 0 0

Holopogon priscus

0 0 0 0 0 0 0 0 0 0 0 2 0 1 - 2 0 0 1 1 2 0 0 0 0 0 1 1 0 0 0 0 0 0 0

Metapogon punctipennis

0 0 0 0 0 0 0 0 0 1 0 1 0 0 - 1 0 0 1 1 2 0 0 0 0 0 0 2 0 0 0 0 1 0 0

Nannocyrtopogon lestomyiformis

0 0 0 0 0 0 0 0 0 1 0 0 0 1 - 1 0 0 1 1 1 0 0 0 0 0 1 1 0 0 0 0 1 0 0

Rhabdogaster pedion

0 0 0 0 0 0 0 0 0 0 0 1 0 1 - 1 0 0 0 1 2 0 0 0 0 0 0 1 0 0 1 0 0 0 0

Archilestris magnificus

0 0 0 0 0 0 0 0 0 1 0 1 0 1 - 1 0 0 1 1 2 0 0 0 0 0 0 2 0 0 0 0 0 0 0

Creolestes nigribarbis

0 0 0 0 0 0 0 0 0 0 0 1 0 1 - 1 0 0 1 1 2 0 0 0 0 1 1 2 0 0 1 0 0 0 0

Microstylum sp. (Karkloof)

0 0 0 0 0 0 0 0 0 1 0 1 0 1 - 1 0 0 1 1 2 0 0 0 0 1 0 1 0 0 1 0 0 0 0

Prolepsis tristis

0 0 0 0 0 0 0 0 0 1 0 1 0 1 - 1 1 0 1 1 1 0 0 0 0 1 1 1 0 0 0 0 1 0 0

Phellus olgae

0 0 0 0 0 0 0 0 0 0 0 1 0 1 - 1 1 0 1 1 1 0 0 0 0 0 0 2 0 0 0 0 1 0 1

Obelophorus terebratus

0 0 0 0 0 0 0 0 0 0 0 1 0 1 - 1 1 0 1 1 2 0 0 0 0 0 0 1 0 0 0 0 1 0 1

Plesiomma sp. (Guanacaste)

0 0 0 0 0 0 0 0 0 1 0 1 0 0 - 1 0 0 1 1 2 0 0 0 0 0 0 2 0 0 0 0 1 0 0

Stenopogon sabaudus

0 0 0 0 0 0 0 0 0 0 0 1 0 1 - 1 0 0 1 1 2 0 0 0 0 0 0 1 0 0 0 0 1 0 0

Stenopogon rufibarbis

0 0 0 0 0 0 0 0 0 0 0 1 0 0 - 1 0 0 1 1 1 0 1 0 0 0 0 2 0 0 0 0 1 0 0

Acnephalum cylindricum

0 0 0 0 0 0 0 0 0 0 0 1 0 1 - 0 0 1 0 1 2 0 0 0 0 0 0 1 0 0 0 0 0 0 0

Ancylorhynchus fulvicollis

0 0 0 0 0 0 0 0 0 0 0 1 0 0 - 1 0 0 1 1 1 0 0 0 0 0 1 3 0 0 0 0 0 0 0

Ospriocerus aeacus

0 0 0 0 0 0 0 0 0 0 0 1 0 1 - 1 0 0 1 1 2 0 0 0 0 0 1 1 0 0 0 0 1 0 0

Scleropogon subulatus

0 0 0 0 0 0 0 0 0 0 0 1 0 1 - 1 0 0 1 1 2 0 0 0 0 0 0 1 0 0 0 0 1 0 0

Scylaticus costalis

0 0 0 0 0 0 0 0 0 1 0 1 0 1 - 1 0 0 1 1 2 0 0 0 0 0 1 3 0 0 0 0 0 0 0

Sisyrnodytes sp. (Gamka)

0 0 0 0 0 0 0 1 0 0 0 0 0 1 - 0 0 0 1 1 2 0 0 0 0 0 0 1 0 0 1 0 0 0 0

Tillobroma punctipennis

0 0 0 0 0 0 0 0 0 1 0 1 0 1 - 1 0 0 1 1 2 0 1 0 0 0 1 1 0 0 0 0 0 0 0

Coleomyia setigera

0 0 0 0 0 0 0 0 0 1 0 1 0 0 - 1 0 0 1 1 2 0 0 0 0 0 1 1 0 0 0 0 0 0 0

Hypenetes stigmatias

0 0 0 0 0 0 0 0 0 1 0 1 0 1 - 1 0 0 1 1 1 0 1 0 0 0 1 1 0 0 0 0 0 0 0

Willistonina bilineata

0 0 0 0 0 0 0 0 0 0 0 2 0 0 - 1 0 0 1 1 1 0 0 0 0 0 0 1 0 0 0 0 1 0 1

Daspletis stenoura

1 1 1 1 0 0 0 1 0 1 0 1 0 1 - 1 0 0 1 1 2 0 0 1 0 0 0 1 0 0 1 0 1 0 0

Lycostommyia albifacies

0 0 0 0 0 0 0 0 0 1 0 1 0 1 - 1 1 0 1 1 1 0 0 1 0 0 1 2 0 0 1 0 0 0 0
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1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37

Gonioscelis ventralis

1 0 1 3 0 1 2 0 2 0 1 1 0 2 1 0 0 0 0 0 0 0 1 0 1 1 1 0 1 1 1 0 1 1 0 0 1

Trichoura sp. (Tierberg)

0 0 1 1 0 1 0 1 2 0 1 1 0 2 1 0 0 0 1 0 0 0 1 0 0 1 1 0 1 1 1 0 2 1 1 0 1

Ablautus coquilletti

0 0 1 1 0 1 2 0 2 0 0 1 0 1 1 0 0 0 1 0 0 0 1 0 0 1 1 0 1 1 1 0 1 1 1 0 1

Oligopogon sp. (Cape Recife)

0 0 1 3 0 1 2 0 2 0 1 1 0 0 1 0 0 0 0 0 0 0 1 1 1 1 1 0 1 1 1 1 1 1 1 0 1

Connomyia varipennis

0 0 1 2 0 1 3 0 2 0 1 1 0 1 1 0 0 0 1 0 0 0 1 1 1 1 1 1 1 1 1 0 1 1 1 0 1

Stichopogon elegantulus

0 0 1 1 0 1 0 1 2 0 1 1 0 2 1 0 0 0 0 0 0 0 1 1 0 1 1 1 1 1 1 0 1 1 1 0 0

Stichopogon punctum

0 0 1 1 0 1 0 1 2 0 1 1 0 2 1 0 0 0 1 0 0 0 1 1 0 1 1 1 1 1 1 0 1 1 1 0 0

Stichopogon trifasciatus

0 0 1 1 0 1 0 1 2 0 1 1 0 2 1 0 0 0 0 0 0 0 1 0 0 1 1 1 1 1 1 0 1 1 1 0 0

Lasiopogon aldrichii

0 0 1 3 0 1 2 0 2 0 1 1 0 2 1 0 0 0 0 0 0 1 1 0 0 1 1 1 1 1 1 0 1 1 1 0 0

Lasiopogon cinctus

0 0 1 3 0 1 2 0 2 0 1 1 0 2 1 0 0 0 0 0 0 0 1 0 0 1 1 1 1 1 1 0 1 1 1 0 0

Lissoteles aquilonius

0 0 1 1 0 1 0 1 2 0 1 1 0 2 1 0 0 0 0 0 0 0 1 0 0 1 1 1 1 1 1 0 1 1 1 0 0

Townsendia albomacula

0 0 1 1 0 1 0 0 2 0 0 1 0 2 1 0 0 0 0 0 0 0 1 0 0 1 1 1 1 1 1 0 1 1 1 0 0

Damalis monochaetes

0 0 1 2 0 1 1 0 2 0 0 0 0 0 1 0 0 2 0 0 0 0 2 1 1 - 1 0 1 1 1 0 1 1 1 0 1

Damalis annulata

0 0 1 3 0 1 2 0 2 0 0 0 0 0 1 0 0 2 0 0 0 0 2 1 1 - 1 0 1 1 1 0 1 1 1 0 1

Damalis sp. (Palatupana)

0 0 1 0 0 1 0 0 2 0 0 0 0 0 1 0 0 2 0 0 0 1 2 1 1 - 1 0 1 1 1 0 1 1 1 0 1

Trigonomima sp. (anamaliensis)

0 0 2 0 0 1 1 0 2 1 0 1 0 0 1 0 0 0 0 0 0 0 2 1 1 - 1 0 1 1 1 0 1 1 1 0 1

Holcocephala abdominalis

0 0 2 0 1 1 0 0 2 0 0 0 0 0 1 0 0 2 0 0 0 0 2 1 1 - 1 0 1 1 1 0 1 1 1 0 1

Holcocephala calva

0 0 2 0 1 1 0 0 2 0 0 0 0 0 0 0 0 2 0 0 0 0 2 1 1 - 1 0 1 1 1 0 1 1 1 0 1

Rhipidocephala sp. (Harold Johnson)

0 0 1 0 0 1 1 0 2 1 1 0 0 0 1 0 0 0 0 0 0 0 2 2 1 - 1 0 1 1 1 0 1 1 1 0 1
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38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60 61 62 63 64 65 66 67 68 69 70 71 72 73 74

Gonioscelis ventralis

1 1 0 0 0 0 0 0 0 0 0 1 0 1 1 0 1 0 0 0 1 0 0 0 2 0 0 0 2 1 1 2 1 0 1 2 2

Trichoura sp. (Tierberg)

1 1 0 0 0 0 0 0 1 0 1 1 0 1 1 0 0 0 0 0 2 0 0 0 1 0 1 0 2 0 1 2 2 0 1 1 2

Ablautus coquilletti

1 1 1 0 0 0 0 3 1 0 0 0 0 1 1 0 2 1 0 0 2 0 0 0 2 0 1 0 2 0 1 2 2 0 1 2 2

Oligopogon sp. (Cape Recife)

1 1 1 0 0 0 0 0 1 0 0 0 0 1 1 0 0 0 0 0 2 2 0 0 2 0 0 0 2 0 1 2 1 0 1 0 1

Connomyia varipennis

1 1 0 1 0 0 0 0 0 0 0 1 0 1 1 0 1 0 0 0 2 0 0 0 2 0 0 0 2 0 1 2 2 0 1 2 3

Stichopogon elegantulus

1 1 1 0 0 0 0 0 1 0 1 0 0 1 1 0 0 0 0 0 2 0 0 0 1 0 2 0 2 0 1 1 1 0 1 1 0

Stichopogon punctum

1 1 1 0 0 0 0 0 1 0 1 0 0 1 1 0 0 0 0 0 2 0 0 0 2 0 2 0 2 0 1 1 1 0 1 1 0

Stichopogon trifasciatus

1 1 1 0 0 0 0 0 1 0 1 0 0 1 1 0 0 0 0 0 2 0 0 0 1 0 2 0 2 0 1 1 1 0 1 1 0

Lasiopogon aldrichii

1 1 1 0 0 0 0 0 0 0 1 0 0 1 1 0 0 1 0 0 2 0 0 0 1 0 2 0 2 1 1 1 1 0 1 1 0

Lasiopogon cinctus

1 1 1 0 0 0 0 0 0 0 1 0 0 1 1 0 1 1 0 0 2 0 0 0 1 0 2 0 2 1 1 1 1 0 1 1 0

Lissoteles aquilonius

1 1 1 0 0 0 0 3 1 0 1 0 0 1 1 0 5 0 0 0 2 0 0 0 1 0 2 0 2 0 1 1 1 0 1 1 0

Townsendia albomacula

1 1 1 0 0 0 0 0 1 0 1 0 0 1 1 0 1 0 0 3 2 0 0 0 1 0 2 0 2 0 1 1 1 0 1 0 0

Damalis monochaetes

1 1 1 0 0 0 1 0 1 0 0 0 0 1 1 0 4 0 0 2 3 - 0 0 1 0 0 0 2 0 1 1 1 0 1 0 1

Damalis annulata

1 1 1 0 0 0 1 0 1 0 0 0 0 1 1 0 4 0 0 2 3 - 0 0 1 0 0 0 1 0 1 1 1 0 1 0 1

Damalis sp. (Palatupana)

1 1 1 0 0 0 1 0 1 0 0 0 0 1 1 0 4 0 0 2 3 - 0 0 1 0 0 0 1 0 1 2 1 0 1 0 1

Trigonomima sp. (anamaliensis)

1 1 1 0 0 0 1 0 1 0 0 0 0 1 1 0 1 1 0 4 3 - 0 0 1 0 0 0 1 0 1 1 1 0 1 1 1

Holcocephala abdominalis

1 1 1 0 0 0 1 0 1 0 0 0 0 1 1 0 1 1 0 0 2 0 0 0 1 0 0 0 1 0 1 1 1 0 1 1 1

Holcocephala calva

1 1 1 0 0 0 1 0 1 0 0 0 0 1 1 0 1 1 0 0 2 0 0 0 1 0 0 0 1 0 1 1 1 0 1 1 1

Rhipidocephala sp. (Harold Johnson)

1 1 1 0 0 0 1 0 1 0 0 0 0 1 1 0 1 1 0 3 2 0 0 0 1 0 0 0 1 0 1 1 1 0 1 1 1

The dataset may be downloaded in MacClade and NONA format from the TreeBase database (URL: http://www.

treebase.org/; Matrix accession #: S1958) as well as the following URL: http://www.tdvia.de/research/research_data.

html. Inapplicable characters are illustrated with a hyphen (-) and missing data with a question mark (?). State numbers

in square brackets ([]) and separated by a slash (/) indicate polymorphisms.
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75 76 77 78 79 80 81 82 83 84 85 86 87 88 89 90 91 92 93 94 95 96 97 98 99 100 101 102 103 104 105 106 107 108 109 110 111

Gonioscelis ventralis

0 1 0 1 1 0 0 0 0 0 0 0 0 3 1 1 1 1 1 1 0 1 1 2 0 0 0 0 0 1 1 0 - 0 1 2 0

Trichoura sp. (Tierberg)

0 1 0 0 1 0 0 0 2 0 0 0 0 2 1 1 1 1 1 1 0 1 1 2 0 0 0 0 1 1 0 0 - 0 1 2 0

Ablautus coquilletti

0 1 0 1 1 0 0 0 2 0 0 0 0 2 1 1 1 1 1 1 0 0 1 2 0 0 0 0 1 1 0 0 - 0 1 2 0

Oligopogon sp. (Cape Recife)

1 1 0 1 1 0 0 0 2 0 0 0 0 2 1 1 1 1 1 1 0 1 1 2 1 0 0 0 0 1 1 0 - 0 1 2 0

Connomyia varipennis

0 1 0 1 1 0 0 0 2 0 0 0 0 2 1 1 1 1 1 1 0 1 1 2 1 0 0 0 0 1 0 0 - 0 1 2 0

Stichopogon elegantulus

1 1 0 0 1 0 0 0 2 0 0 0 0 1 1 1 1 1 0 1 0 2 1 1 0 0 0 1 0 1 0 0 - 0 0 2 0

Stichopogon punctum

1 1 0 1 1 0 0 0 2 0 0 0 0 1 1 1 1 1 1 1 0 2 1 1 1 0 0 1 0 1 0 0 - 0 0 2 0

Stichopogon trifasciatus

1 1 0 0 1 0 0 0 2 0 0 0 0 1 1 0 1 0 1 0 0 2 1 1 0 0 0 1 0 1 0 0 - 0 0 2 0

Lasiopogon aldrichii

0 1 0 0 0 0 0 0 2 0 0 0 0 2 1 1 1 1 1 1 0 1 1 2 0 0 0 0 0 1 1 0 - 0 1 2 0

Lasiopogon cinctus

0 1 0 0 0 0 0 0 2 0 0 0 0 3-Feb 1 1 1 1 1 1 0 1 1 2 0 0 0 0 0 1 1 0 - 0 1 2 0

Lissoteles aquilonius

1 1 0 1 1 0 0 0 2 0 0 0 0 1 1 0 1 1 1 1 0 2 1 1 1 0 0 1 0 1 0 0 - 0 0 2 0

Townsendia albomacula

1 1 0 0 0 0 0 0 2 0 0 0 0 2 1 1 1 1 1 1 0 1 1 1 0 0 0 2 0 1 1 0 - 0 1 2 0

Damalis monochaetes

1 1 0 1 1 0 0 0 2 0 1 0 0 0 1 0 0 1 1 1 0 1 1 1 0 0 1 1 0 1 1 0 - 0 1 2 0

Damalis annulata

1 1 0 1 1 0 0 0 2 0 0 0 0 0 1 0 1 1 1 1 0 1 1 1 0 0 0 1 0 1 1 0 - 0 1 2 0

Damalis sp. (Palatupana)

1 1 0 1 1 0 0 0 2 0 1 0 0 1 1 0 0 1 1 1 0 1 1 1 1 0 0 3 0 1 1 0 - 0 1 2 0

Trigonomima sp. (anamaliensis)

1 1 0 1 1 0 0 0 2 0 0 0 0 0 1 0 0 1 1 1 0 1 1 0 1 0 0 0 0 1 1 0 - 0 1 2 0

Holcocephala abdominalis

1 1 0 1 1 0 0 0 2 0 0 0 0 0 1 0 0 0 1 0 0 2 1 0 1 0 0 0 0 1 1 0 - 0 1 2 0

Holcocephala calva

1 1 0 1 1 0 0 0 2 0 0 0 0 0 1 0 0 0 1 0 0 2 1 0 1 0 0 0 0 1 1 0 - 0 1 2 0

Rhipidocephala sp. (Harold Johnson)

1 1 0 1 1 0 0 0 2 0 0 0 0 0 1 0 0 1 1 1 0 2 1 0 1 0 0 0 0 1 1 0 - 0 1 2 0
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112 113 114 115 116 117 118 119 120 121 122 123 124 125 126 127 128 129 130 131 132 133 134 135 136 137 138 139 140 141 142 143 144 145 146 147 148

Gonioscelis ventralis

2 0 2 0 1 0 0 0 1 1 1 1 1 0 0 1 0 0 0 0 0 1 0 1 0 2 0 0 0 1 1 0 0 1 0 1 0

Trichoura sp. (Tierberg)

2 1 2 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 1 0 0 1 0 1 1 2 1 0 2 0 0 0 0 1 0 1 0

Ablautus coquilletti

2 0 2 0 1 0 0 0 0 0 0 0 - 1 0 2 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 1 0 1 0

Oligopogon sp. (Cape Recife)

1 0 1 0 0 0 0 0 0 0 1 1 1 0 0 1 0 0 2 0 0 0 0 0 1 0 0 0 0 0 0 0 0 1 0 1 0

Connomyia varipennis

2 0 2 0 1 0 0 0 1 1 1 1 1 0 0 1 0 0 0 0 0 1 0 0 1 0 0 0 0 0 0 0 0 1 0 1 0

Stichopogon elegantulus

1 1 2 0 1 0 0 0 0 0 0 1 1 0 0 0 0 0 2 0 0 1 0 0 1 0 0 0 0 0 0 0 0 1 0 1 0

Stichopogon punctum

1 1 1 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 2 0 0 1 0 0 1 0 0 0 0 0 0 1 0 1 0 1 0

Stichopogon trifasciatus

1 1 2 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 2 0 0 1 0 0 1 0 0 0 0 0 0 1 0 1 0 1 0

Lasiopogon aldrichii

1 0 1 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 2 0 0 1 0 0 1 0 0 0 0 0 0 1 0 1 0 1 0

Lasiopogon cinctus

1 0 1 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 2 0 0 1 0 0 1 0 0 0 0 0 0 1 0 1 0 1 0

Lissoteles aquilonius

1 0 1 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 2 0 0 1 0 0 1 0 0 0 0 0 0 1 0 1 0 1 0

Townsendia albomacula

0 0 2 0 0 0 0 0 0 0 0 1 1 0 0 1 0 0 2 0 0 1 0 0 1 5 0 0 0 0 0 0 0 1 0 1 0

Damalis monochaetes

1 0 2 1 1 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 1 0 0 1 2 1 0 2 0 0 0 0 1 0 1 0

Damalis annulata

1 0 2 1 2 0 0 0 0 0 0 1 1 0 0 1 0 0 0 0 0 1 0 0 1 2 1 0 2 0 0 0 0 1 0 1 0

Damalis sp. (Palatupana)

1 0 2 1 2 0 0 0 1 0 1 1 1 0 0 1 0 0 0 0 0 1 0 0 1 2 1 0 2 0 0 0 0 1 0 1 0

Trigonomima sp. (anamaliensis)

1 0 1 0 0 0 0 0 0 0 1 1 1 0 0 1 0 0 1 0 0 0 0 0 0/1 5 0 0 0 0 0 1 0 1 0 1 0

Holcocephala abdominalis

1 0 1 0 0 0 0 0 0 0 0 1 1 0 0 1 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 1 0 1 0

Holcocephala calva

1 0 1 0 0 0 0 0 0 0 0 1 1 0 0 1 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 1 0 1 0

Rhipidocephala sp. (Harold Johnson)

1 0 1 0 1 0 0 0 0 1 1 1 1 0 0 1 0 0 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0
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149 150 151 152 153 154 155 156 157 158 159 160 161 162 163 164 165 166 167 168 169 170 171 172 173 174 175 176 177 178 179 180 181 182 183 184 185

Gonioscelis ventralis

1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 4 0 2 1 1 0 0 0 1 1 0 1 0 0 0 2

Trichoura sp. (Tierberg)

1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 1 6 0 2 1 1 0 0 0 1 1 0 0 0 0 1 0

Ablautus coquilletti

1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 1 4 0 2 1 1 0 0 0 1 1 0 0 0 0 0 2

Oligopogon sp. (Cape Recife)

1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 4 0 2 1 1 0 0 0 1 1 2 0 0 0 0 2

Connomyia varipennis

1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 1 7 0 2 1 1 0 0 0 1 1 2 1 0 0 0 3

Stichopogon elegantulus

1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 6 0 2 1 1 0 0 0 1 1 0 1 0 0 0 2

Stichopogon punctum

1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 6 0 2 1 1 0 0 0 1 1 0 1 0 0 0 2

Stichopogon trifasciatus

1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 6 0 2 1 1 0 0 0 1 1 2 1 1 0 0 2

Lasiopogon aldrichii

1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 6 0 2 1 1 0 0 0 1 1 0 0 0 0 1 2

Lasiopogon cinctus

1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 6 0 2 1 1 0 0 0 1 1 0 0 0 0 0 2

Lissoteles aquilonius

1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 6 0 2 1 1 0 0 0 1 1 0 1 0 0 0 2

Townsendia albomacula

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 6 0 2 1 1 0 0 0 1 1 0 1 1 0 0 0

Damalis monochaetes

1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 - 5 2 0 0 0 0 1 1 0 1 1 0 0 1

Damalis annulata

1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 - 5 2 0 0 0 0 1 1 2 1 1 0 0 1

Damalis sp. (Palatupana)

1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 - 5 2 0 0 0 0 1 1 2 1 1 0 0 1

Trigonomima sp. (anamaliensis)

0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 - 4 2 0 0 0 0 1 1 0 1 1 0 1 2

Holcocephala abdominalis

1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 - 4 2 0 0 0 0 1 1 0 1 1 0 0 2

Holcocephala calva

1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 - 4 2 0 0 0 0 1 1 0 1 1 0 0 2

Rhipidocephala sp. (Harold Johnson)

1 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 5 - 0 2 0 0 0 0 1 1 0 1 1 0 0 2
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186 187 188 189 190 191 192 193 194 195 196 197 198 199 200 201 202 203 204 205 206 207 208 209 210 211 212 213 214 215 216 217 218 219 220

Gonioscelis ventralis

0 0 0 0 0 0 0 0 0 0 0 1 0 0 - 1 1 1 1 1 2 0 0 0 0 0 0 1 0 0 0 0 0 0 0

Trichoura sp. (Tierberg)

0 0 0 0 0 0 0 0 0 0 0 1 0 2 0 2 2 0 1 1 2 0 0 0 0 0 0 1 0 0 0 0 0 0 0

Ablautus coquilletti

0 0 0 0 0 0 0 0 0 0 0 1 0 1 - 1 1 0 1 1 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0

Oligopogon sp. (Cape Recife)

1 1 1 1 1 1 0 0 0 1 0 1 0 1 - 1 0 0 0 1 2 0 0 0 0 0 0 0 0 0 0 0 0 - 0

Connomyia varipennis

0 0 0 0 0 0 0 0 0 1 0 0 0 0 - 0 0 0 1 1 2 0 0 0 0 0 0 1 0 0 0 0 0 0 0

Stichopogon elegantulus

0 0 0 0 0 0 0 4 0 0 0 0 0 2 0 3 1 0 1 1 2 0 0 2 0 0 1 0 0 1 0 1 0 - 1

Stichopogon punctum

0 0 0 0 0 0 0 4 0 0 0 0 0 2 0 3 1 0 1 1 2 0 0 2 0 0 1 0 0 1 0 1 0 - 1

Stichopogon trifasciatus

0 0 0 0 0 0 0 4 0 0 0 0 0 2 0 3 1 0 1 1 2 0 0 2 0 0 1 0 0 1 0 1 0 - 1

Lasiopogon aldrichii

0 0 0 0 0 0 0 1 0 1 0 1 0 1 - 1 1 0 1 1 2 0 0 0 1 0 0 1 0 0 0 1 0 0 1

Lasiopogon cinctus

0 0 0 0 0 0 0 1 0 1 0 1 0 1 - 1 1 0 1 1 2 0 0 0 1 0 0 1 0 0 0 1 0 0 0

Lissoteles aquilonius

0 0 0 0 0 0 0 4 0 0 0 0 0 2 0 3 1 0 1 1 2 0 0 2 0 0 0 0 0 1 0 1 0 - 1

Townsendia albomacula

0 0 0 0 0 0 0 4 0 0 0 0 0 2 0 1 1 0 1 1 2 0 0 0 0 0 0 0 0 1 0 1 0 - 1

Damalis monochaetes

0 0 0 0 0 0 0 1 0 1 0 2 0 2 0 1 2 0 0 1 1 0 0 0 0 0 0 2 0 0 0 0 0 0 0

Damalis annulata

0 0 0 0 0 0 0 1 0 1 0 0 0 2 0 1 2 0 0 1 2 0 0 0 0 0 0 1 0 0 0 0 0 0 0

Damalis sp. (Palatupana)

0 0 0 0 0 0 0 1 0 1 0 0 0 2 0 2 2 0 0 1 2 0 0 0 0 0 1 1 0 0 0 1 0 0 0

Trigonomima sp. (anamaliensis)

0 0 0 0 0 0 0 2 - 0 0 1 0 2 0 2 2 1 1 1 2 0 0 0 0 0 0 1 2 0 0 1 0 0 0

Holcocephala abdominalis

0 0 0 0 0 0 0 4 - 0 0 2 0 2 0 2 2 1 1 1 2 0 1 0 0 0 0 1 2 0 0 1 0 0 0

Holcocephala calva

0 0 0 0 0 0 0 4 - 0 0 2 0 2 0 2 2 1 1 1 2 0 1 0 0 0 0 1 2 0 0 1 0 0 0

Rhipidocephala sp. (Harold Johnson)

0 0 0 0 0 0 0 2 - 0 0 1 0 1 - 1 1 0 1 1 2 0 0 0 0 0 0 1 0 0 0 1 0 0 0
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1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19

outgroup 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Pegesimallus 1 1 0 1 0 0 0 1 1 1 0 1 0 1 1 1 1 1 0

Lagodias 1 0 0 1 0/1 0 0/1 1 1 1 0 1 0 0 1 1 2 1 0

Cyrtophrys 1 1 1 0 0 1 0 1 1 1 0 0 0 0 0 1 0 1 0

Deromyia 1 1 1 0 1 1 0 1 1 1 0 1 0 0 0 0/1 0 1 0

Senobasis 1 1 1 0 0 2 0/1 0 1 1 0 0 0 2 0 1 0 1 0

Megapoda 1 1 1 0 0 3 0 0 0 0 1 1 1 3 1 2 2 1 0

Pronomopsis 1 1 1 0 0 3 0 0 0 0 1 1 1 0 1 2 2 0 1

Pseudorus 1 1 1 0 0 3 0 0 0 0 1 1 0/1 0 2 0/1 0 0 2

1. Epandrium fused to hypandrium: (0) absent; (1) present.

2. Cell cup (anal cell): (0) closed; (1) open.

3. Cell m3 (fourth posterior cell): (0) closed; (1) open.

4. Acrostichal setae: (0) absent; (1) present.

5. Number of abdominal tergites in males: (0) 7 tergites; (1) 8 tergites.

6. Shape of hypandrium: (0) mammiform; (1) tongue; (2) triangle or tongue; (3) concave.

7. Number of maxillary palpomeres: (0) one; (1) two.

8. Bullae of tergites: (0) absent; (1) present. See character 154 of present analysis.

9. Number of abdominal tergites in females: (0) 7 tergites; (1) 8 tergites.

10. Female terminalia formed by segment: (0) segment 8; (1) segment 9.

11. Anatergite setation (postscutellar callosities): (0) bare; (1) pilose.

12. Antennal style: (0) absent; (1) present.

13. Cell r1 (marginal cell): (0) open; (1) closed.

14. Width of face (in relation to width of head): (0) one third; (1) two fifths; (2) one fifth; (3) one fourth.

15. Shape of face in profile: (0) plane; (1) prominent; (2) concave.

16. Lateral bristles on abdominal tergite 1: (0) absent; (1) present; (2) reduced.

17. Pilosity of scutellum: (0) absent; (1) developed; (2) reduced.

18. Dorsocentral setae: (0) reduced; (1) present.

19. Postmetacoxal area: (0) membrane; (1) narrowly membranous; (2) partially sclerotized.

The matrix may be downloaded in MacClade and NONA format from the following URL: http://www.asilidaedata.

tdvia.de/matrices.html. Papavero’s nomenclature is indicated in parentheses in cases where confusion might occur. State

numbers separated by a slash (/) indicate polymorphisms. Note: Lagodias has been synonymized with Pegesimallus by

Londt (1980).

APPENDIX 2
Character description and character matrix of Papavero (1975: table 2) for phylogenetic relationships of

Megapodini (19 characters for 8 genera plus a single outgroup taxon)
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1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

outgroup 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Ommatiini 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0

Asilus-group 1 1 1 1 1 0 1 1 0 0 0 0 0 0 0 0 0 0

other Asilini 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0

Leptogastrini 1 0 0 0 0 0 0 0 1 1 1 0 0 0 0 0 0 0

other Dasypogoninae 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0

Lasiopogon 0 0 0 1 0 1 0 0 0 0 0 1 0 0 0 0 1 0

Damalis 0 0 0 1 0 0 0 0 0 0 0 1 1 1 1 1 1 0

Stichopogon 0 0 0 1 0 0 0 0 0 0 0 1 1 0 1 1 0 0

Hoplistomerini 0 1 1 1 0 0 0 0 0 0 0 1 1 1 1 1 0 0

Laphriini 0 1 1 1 0 0 0 0 0 0 0 1 1 1 1 1 1 0

Atomosia 0 1 1 1 0 0 0 0 0 0 0 1 1 1 0 0 1 1

1. Maxillary palpus one-segmented: (0) no; (1) yes.

2. R2 reaches R1 and not C: (0) no, cell r1 open; (1) yes, cell r1 closed.

3. M3 reaches CuA1 and not C: (0) no, cell m3 open; (1) yes, cell m3 closed.

4. Cell cup (anal cell) closed: (0) no; (1) yes.

5. Lateral ejaculatory processes (‘‘Querapodeme’’) absent: (0) yes; (1) no.

6. Epandrium entirely divided medially: (0) no; (1) yes.

7. Gonostyli (referred to as dististyli) situated proximally: (0) no; (1) yes.

8. Hypandrium more or less rectangular: (0) no; (1) yes.

9. Pulvilli absent: (0) no; (1) yes.

10. Alula absent (‘‘Anallappen’’): (0) no; (1) yes.

11. Epandrium with separated surstyli: (0) no; (1) yes.

12. Postpedicel (‘‘3. Fühlerglied’’) without stylus (‘‘Endborste’’): (0) no, stylus present; (1) yes, stylus absent.

13. Epandrium secondarily fused: (0) no; (1) yes.

14. Abdominal tergite 8 largely or entirely reduced: (0) no; (1) yes.

15. Gonocoxites (referred to as basistyli) more or less strongly fused: (0) no; (1) yes.

16. Hypandrium entirely reduced: (0) no; (1) yes.

17. Hypopygium rotated by 180u angle: (0) no; (1) yes.

18. Gonostyli entirely reduced: (0) no; (1) yes.

The matrix may be downloaded in MacClade and NONA format from the following URL: http://www.asilidaedata.

tdvia.de/matrices.html. Karl’s nomenclature is indicated in parentheses in cases where confusion might occur.

APPENDIX 3
Character description and character matrix of Karl (1959: fig. 47) for phylogenetic relationships of Asilidae (18

characters for 11 taxa plus a single outgroup taxon)
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