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INTRODUCTION

Since the family Neurochaetidae was established for the living Neurochaeta
McAlpine and the Baltic amber fossil Anthoclusia Hennig (McAlpine, 1978), more
material and information have become available. Field studies of the Australian species
have been carried out (Shaw, Cantrell, and Houston, 1982; Shaw and Cantrell, 1983a,
1983b; author’s observations). Woodley (1982) has described two Oriental species of
Neurochaeta and made a phylogenetic analysis for the genus. The author’s work (with the
help of K. C. Khoo) has brought to light additional species from Malaysia together with
information on apparent host plants, and J. W. Ismay has discovered a species in Papua
New Guinea. A further specimen of the little known genus Nothoasteia Malloch has be-
come available, thanks to A. C. Postle and B. Cantrell, and evidence has been obtained
indicating that it should be transferred from the Asteiidae to the Neurochaetidae.

The number of recognized living species of the family now stands at 10, while there
are 2 fossil species described by Hennig (1963, 1969).

The morphological terminology here used has been largely outlined by McAlpine
(1973a) or is given by Colless and McAlpine (1970).

While the identity of the protandrial sternites (those of abdominal segments 6-8) in
the Schizophora is now agreed upon by a number of workers (e.g. Crampton, 1942;
Griffiths, 1972), the identity of certain other postabdominal structures remains con-
troversial. I am quite sceptical about many attempts to homologize structures over a
wide spectrum of the order Diptera and even more so with attempts at homology
between Diptera and other orders. I use the terms epandrium, hypandrium, surstylus,
and gonite to designate structures readily identified by their positions, but because of
the great variability they exhibit, I have no confidence that the two latter terms are con-
sistently applied to homologous structures, and this applies also to the popular
Comstock-Needham nomenclature for wing veins.

FAMILY NEUROCHAETIDAE

The addition of the genus Nothoasteta makes my previous characterization of the
family (McAlpine, 1978) inadequate. I do not herein give a revised characterization
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32 STUDIES IN UPSIDE-DOWN FLIES. 1

because the morphology of Anthoclusia and Nothoastera is still incompletely known, but
the characters given below for Nothoasteia may be taken as an extension of the family
characters. Alternatively, a statement of the groundplan characters for Neurochaetidae
1s difficult, because the precise phylogenetic position of Nothoasteia is unclear, on account
of its highly autapomorphic and incompletely known morphology. It is therefore not
known to what extent the groundplan characters for Anthoclusia + Neurochaeta (largely
typified by Anthoclusia), are also those for Nothoasteia + Anthoclusia + Neurochaeta. The
following characterization is therefore provisional.
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Fig. 1. Neurochaeta inversa (based on a photograph from life).

Groundplan characters of Neurochaetidae

General characters as for superfamily Asteioidea (McAlpine, 1978); postvertical
bristles parallel to slightly divergent, posteriorly directed; vibrissa and peristomal
bristles present; antennal segment 2 cap-like, with dorsal slit; segment 3 deflexed;
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labella of proboscis broad; postnotal region elevated; with relatively small subscutellum;
prosternal plate (basisternum) narrow, joined to angular median prominence of the well
defined furcasternum; the following thoracic bristles present: humeral, 2 notopleural, 2
dorsocentral, supra-alar, postalar, 2 unequal scutellars, 2 upper posterior sterno-
pleurals; the following bristles absent: presutural, posterior intra-alar, propleural; hind
leg longer than other legs; mid coxae approximated; mid femur significantly shorter
than hind femur and more slender than fore femur; costa broken only at end of sub-
costa; subcosta indistinct distally; second basal, discal, and anal cells complete; vein 6
sclerotized beyond anal cell but not reaching margin; alula distinct; preabdominal ster-
nites broad; tergite 6 of O unreduced; cerci distinct and separate in both sexes.

Morphology of the arista

I have previously discussed antennal structure in the Asteioidea (McAlpine, 1978;
1983). The arista of Neurochaeta inversa is of a somewhat reduced type: segment 4 is not
discernible, segment 5 is very short and annular, and segment 6 has long branches, some
of the dorsal ones arising close to its base. This is not in agreement with the arista of
Anthoclusia gephyrea as figured by Hennig (1965: fig. 247B), which appears to have a some-
what elongate, cylindrical segment 5, and segment 6 with branching less developed at its
base. On the whole dry specimen, the arista of Nothoasteia clausa appears to have segment
5 almost as short as in Neurochaeta inversa, but segment 6 has no major branches, only
short hairs. A more thorough study of the morphology of the arista in Neurochaetidae
will be necessary to evaluate its use in determining phylogeny.

Morphology of the prosternum

As the prosternal characters are of both taxonomic and adaptational significance,
their variation is here described.

The prosternum of the Neurochaetidae is characterized by reduction, through
narrowing, of the basisternum (the sternal plate which is well developed and distinct in
most higher Diptera); and the angular anterior production of the furcasternum, to the
apex of which the basisternum is usually joined.

A greater development of prosternal structures is seen in Cyamops (Fig. 3), a genus
of the apparently related family Periscelididae. The furcasternum, often invisibly fused
with the sternopleura (katepisterna) in other Schizophora, is defined by a V-shaped
suture and has a distinct furcal pit in its posterior angle. The very broad basisternum is
joined posteriorly to the furcasternum and anterolaterally to precoxal bridges of the
propleura. The obvious suture on the precoxal bridge of each side possibly indicates that
this bridge is an apomorphic development within the family Periscelididae, as it is
absent in Scutops and Feriscelis. The periscelidid genus Stenomicra (Fig. 2) has a somewhat
similar prosternum to that of Gyamops, but the sutures defining the fucasternum from
the sternopleura are not visible in the examples studied, though the cuticle is sufficiently
transparent to show any sutures. All these forms have a distinct median line or groove on
the sternopleura indicating the internal ridge which extends posteriorly from the furcal
pit.

Neurochaeta inversa (Fig. 4) retains a large, convex, well defined furcasternum, but
the furcal pit is evident only as the angular junction of the grooves along the suture
delimiting the furcasternum from the sternopleura. The basisternum is much reduced
in size, but not linear, with a marked median groove. In some individuals (more fre-
quently in ones from northern populations) there is a fine hair in the sternal membrane
on each side of the basisternum.
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Figs 2-6. Prosterna of periscelidids and neurochaetids. 2. Stenomicra sp. (Mount Wilson, N.SW.). 3. Cyamops
day: Khoo. 4. Neurochaeta inversa. 5. Neurochaeta parviceps. 6. Nothoasteia clausa (showing margin of fore coxa at
each side). bs = basisternum. fs = furcasternum.

In Neurochaeta parviceps (Fig. 5) and closely related species the basisternum is
reduced to a narrow-linear sclerite and the hairs in the adjacent membrane are well
developed.

In Neurochaeta magnifica the basisternum is very broad, with several setulae (Fig. 23).
In accordance with the evidence that (a) the reduced, narrowed prosternum is the nor-
mal condition of all subgenera of Neurochaeta, and (b) N. magnifica is derived from among
the more apomorphic types of the subgenus Neurochaeta, 1 regard this condition as a
secondary sclerotization which I shall later relate to other peculiar features of the
prothoracic region in this species.

Nothoasteia clausa shows the most remarkable degree of reduction of prosternal
structure (Fig. 6), but this appears to be an extreme development of the condition seen
in Neurochaeta. No trace of the basisternum remains. The furcasternum is angular
anteriorly as in Neurochaeta, with relatively broad raised margin; posteriorly it is
delimited by a simple transverse line and is without the sternal pit. There is no median
suture extending posteriorly from this transverse suture (hence no internal median
ridge). the sternopleura of cach side being indistinguishably fused except towards their
posterior extremities.
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The prosternum of Anthoclusia 1s not known in detail. Hennig (1969) merely states
for A. remotinervis, that the prosternum is apparently not connected to the propleuron by
a precoxal bridge, and I found it difficult to interpret the prosternal structure during my
brief examination of this specimen.

Morphology of the scutellum and postnotum

The scutellar region and scutellar chaetotaxy of Anthoclusia gephyrea very probably
represent the most plesiomorphic conditions among known neurochaetids. This state-
ment is made because A. gephyrea has the thorax at an evolutionary stage which precedes
marked dorsoventral compression, because the scutellum and postnotal region resemble
those of the periscelidid genera Cyamops (Fig. 7) and FPeriscelis (the family Periscelididae
being the apparent sister-group of Neurochaetidae if it is monophyletic), because the
general morphology and time level of A. gephyrea indicate that it is a very plesiomorphic
neurochaetid; and because the variations in scutellar chaetotaxy in the genus Neurochaeta
are readily explained as simple or serial derivatives from it.

The scutellum of A. gephyrea (Hennig, 1965: fig. 248) is subtriangular with a
broadly rounded apex; it appears to be somewhat flattened on the dorsal surface and
quite thick at the free margins. There is a small lateral pair of bristles situated some dis-
tance behind the scutellar suture, and a large subapical pair of bristles. Because of varia-
tion in the position of the latter pair, they are hereafter referred to as the major pair of
scutellar bristles. It is uncertain if their suberect position shown in Hennig’s figure 1s
natural or not.

The scutellum of Anthoclusia remotinervis differs from the above 1n loss of the lateral
pair of bristles (Hennig, 1969).

In the genus Neurochaeta the scutellum has become markedly shortened and more or
less depressed relative to that of Anthoclusia gephyrea, but otherwise the structure of the
scutellum exhibits diverse levels of specialization among the species.

In Neurochaeta prisca (McAlpine, 1978: fig. 11) the outline of the scutellum retains
something of the plesiomorphic triangular shape despite the shortening, and the major
bristles remain close together near the apex. Each lateral bristle is replaced by a series of
setulae, an apomorphy unique in the family.

The remainder of the species of Neurochaeta (subgenera Neurotexis and Neurochaeta)
have the scutellum usually with evenly rounded outline (tending towards a semicircle)
and the major bristles are markedly laterally displaced. Neurochaeta (Neurotexis) stucken-
bergi has retained the scutellum at this level of specialization (McAlpine, 1978: fig. 12).

The subgenus Neurochaeta is characterized by acquisition of additional bristles or
setulae between the major pair, on or near the posterior margin. These I term the
posterior scutellar bristles for descriptive purposes. The tendency towards a more erect
position of the bristles is apparent throughout the subgenus, but the variation, with
retention of symmetry, seen in dried material of Neurochaeta capilo and, especially, N.
inversa seems to indicate much mobility of the major pair in life.

In N. capilo (Fig. 10) there is one pair of short convergent bristles near the apex of
the scutellum and few, often asymmetrically placed setulae near them. This somewhat
irregular arrangement may represent an approximation to an early stage of evolution of
these posterior macrotrichia.

In N. inversa (McAlpine, 1978: fig. 16) the posterior macrotrichia are represented by
a regular linear series of rather short bristles along the posterior margin of the scutel-
lum, in two to four (usually three) pairs. In N. magnifica the arrangement of the posterior
bristles 1s simnilar, but there are four to seven pairs.

The scutellum in the parviceps group (Figs 9, 11) has the major bristles shorter and
more consistently erect (or less posteriorly inclined) than those of N. capilo and N. inversa,
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Figs 7-12. Scutella and postnota of periscelidids and neurochactids. 7. Cyamops dayi (posterior aspect). 8.
Neurochaeta capilo (posterior). 9. Neurochaeta macalpiner (posterior). 10. Neurochaeta capilo (dorsal). 11. Neurochaeta
parviceps (dorsal). 12. Nothoasteia clausa (dorsal). su = subscutellum. In Fig. 11 bristles shown as if extended
horizontally.

and the posterior bristles represented by one pair, each of which is closer to the major
bristle than to the other posterior bristle. This arrangement of the posterior bristles may
have been evolved through condensation of the linear series seen in N. inversa, or,
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alternatively, it may have been attained directly from the less ordered configuration of
N. capilo. In the latter case, N. inversa and the parviceps group have acquired independent
apomorphic conditions of the posterior bristles. Neurochaeta parviceps has all three pairs of
scutellar bristles more similar in length than in other species of the group. (In Fig. 11 the
suberect bristles of the major pair have been drawn as if in a horizontal plane.) N.
sabroskyi probably has the scutellar bristles similar to those of N. parviceps, but in the
unique holotype only the lateral bristles are preserved. N. macalpiner has many of the
body bristles shortened as an autapomorphy, but it is not clear precisely how this general
process has affected the scutellar bristles. In contrast to N. parviceps, the major bristle in
N. macalpinei (Fig. 9) is about twice as long as the lateral bristle or the posterior bristle,
but the major bristle is only slightly shorter than that of N. parviceps relative to the dis-
tance between the bases of the major bristles. This size differentiation may be the re-
tention of a plesiomorphic condition, as perhaps is that of N. capilo, or alate apomorphy
derived from the condition seen in N. parviceps, out-group comparison (for the parviceps
group) suggesting the former. In V. macalpine: the major bristles are strongly convergent
and their backward inclination is minimal.

The scutellum of Nothoasteia clausa (Fig. 12) has some points of resemblance to that
of the parviceps group of Neurochaeta; in particular it is flat, with rounded posterior margin
but is even shorter; there are 3 pairs of bristles though these are all much shorter than in
the parviceps group and directed posteromedially. On its appearance, without reference
to other facts, the scutellum might be considered to be derived from that of the parviceps
group, but, as shown below this is negated by other evidence.

The postnotal structure of the periscelidid genus Cyamops (Fig. 7) is taken as
representing a generalized condition near that of the groundplan of the Periscelididae-
Neurochaetidae (and perhaps of the Asteioidea), which preceded dorsoventral com-
pression. Immediately below the free posterior margin of the scutellum there is a narrow
transverse zone of membranous cuticle, the subscutellar membrane. The median sclero-
tized part of the postnotum (mediotergite), lying below the scutellum, consists of two
distinct convex zones, the smaller upper subscutellum and the lower postscutellum,
which slopes posteriorly to the first abdominal tergite.

Postnotal structure in Anihoclusia gephyrea appears not to differ from the above
condition so far as I can discern from the imperfect detail in the illustration by Hennig
(1965: fig. 248). In particular the posterior margin of the scutellum remains quite deep
and the subscutellum is markedly smaller than the well developed postscutellum. Other
neurochaetids all have the postnotal region reduced in depth, apparently as a result of
dorsoventral compression of the thorax.

Unfortunately I no longer have study material of Neurochaeta prisca for detailed
comparison. My previously recorded observations (McAlpine, 1978: 282) indicate a sig-
nificant reduction in depth of the postnotum without its acquiring a prominently convex
condition. This perhaps indicates that much of its remaining surface consists of post-
scutellum rather than subscutellum, in contrast to the other species of the genus
Neurochaeta.

Interpretation of postnotal structure in the subgenus Neurochaeta is aided by refer-
ence to its most plesiomorphic species, N. capilo (Fig. 8), but the structure of the latter
has evolved far beyond the apparent neurochaetid groundplan and no known
neurochaetid represents a clearly intermediate stage.

The morphologically diverse periscelidid genus Stenomicra shows a range of post-
notal structure which parallels some of the probable evolutionary stages of neuro-
chaetids between the groundplan condition and that of N. capilo. In Stenomicra sp. (West
Malaysia, Australian Museum, a remarkably plesiomorphic representative of the
genus), the condition is rather similar to that of Cyamops as described above, but the
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subscutellum has become enlarged at the expense of the postscutellum. In other species
of Stenomicra (subgenera Podocera and Stenomicra) the subscutellum becomes very convexly
prominent and increases further in depth. It approaches the first abdominal tergite on
the median line in extreme cases, thus almost dividing the postscutellum in two.

Neurochaeta caprlo has the postnotal region (Fig. 8) somewhat resembling the
condition described for the more apomorphic species of Stenomicra, but there has been a
decrease in depth and the subscutellum is broader, almost as wide as the postscutellum,
strongly convex, with narrowly acute lateral extremities. The visible demarcation
between subscutellum and postcutellum is not sharp, partly from the dense clothing of
silvery pruinescence, but it appears that the subscutellum is only narrowly separated
from the first abdominal tergite on the median line by the medially narrowed postscutel-
lum. The upper margin of the subscutellum, where it meets the subscutellar membrane,
1s incurved in conformity with the general convexity of the surface, but is not abruptly
inflexed (Fig. 13).

Iwa

Figs 13-16. Diagrams of scutellar and postnotal structures in Neurochaeta in vertical longitudinal section,
scutellum at top, postnotum at left, subscutellar membrane indicated by thin line. 13. V. capilo. 14. N. inversa.
15. N. magnifica. 16. N. parviceps.

The inversa, magnifica and parviceps groups of Neurochaeta have the subscutellum both
deeper and broader than in N. capilo and the postscutellum thus reduced to two small
lateral pieces (Fig. 9).

In the ineersa and magnifica groups, but not in the parviceps group, the upper margin
of the subscutellum is abruptly inflexed, so that there is a trough between the scutellum
and subscutellum, the floor of which is formed by the subscutellar membrane (Figs 14,
15).

I no longer have access to material of Neurochaeta stuckenbergi. Clearly this species has
a strongly convex postnotal region largely developed from the postscutellum but other
details were not recorded.

Again there is resemblance in postnotal structure between Nothoasteia and the most
apomorphic species of Neurochaeta. Nothoastera clausa has the subscutellum very convex
and shallow, but almost entirely filling the area between the scutellum and the base of
the abdomen, the postscutellum being reduced to two small lateral plates. No subscutel-
lar membrane is visible in the only specimen, the sclerotized subscutellum being
appressed to the ventral part of the scutellum.
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Hardy (1950) has recorded what he termed ‘the articulating scutellum’ in a number
of brachycerous Diptera, including several of the Schizophora, where the condition is
apparently of wide occurrence. Examination of series of dried specimens of Neurochacta
tnversa and N. parviceps indicates that movement occurs between the scutellum and sub-
scutellum. The subscutellar membrane becomes infolded when these parts are
appressed, and the margin of the scutellum becomes partly enveloped by the upper
margin of the subscutellum. In the available specimen of Nothoasteia clausa the upper
margin of the subscutellum passes beneath the scutellum, but does not envelop it. The
relations of these parts are shown diagrammatically in Figs 13-16.

Phylogeny

The apparent phylogenetic lines in the family, leaving out of consideration
Nothoasteia and the new species of Neurochaeta here described, are given by Woodley
(1982). It remains for these taxa to be added to Woodley’s system.

At the time of Woodley’s work it appeared that the apomorphic condition of charac-
ter 3 (posterior cubital or anal cell reduced or absent) was a groundplan state for Neuro-
chaeta stuckenbergi + the N. inversa group (i.e. subgenera Neurotexis and Neurochaeta in the
present work). The newly discovered species N. capilo is undoubtedly a member of the
latter group of this pair but has a complete anal cell and sclerotized vein 6 beyond it. It
seems, then, that reduction of the anal cell (and vein 6) has taken place independently in
these two subgenera. I believe evidence for sister-group relationship between subgenera
Neurotexis and Neurochaeta is confirmed by the following apomorphic characters in re-
lation to the subgenus Neurocyita (including N. prisca): costa with subcostal break
obliquely incised to produce a lobe; subscutellum deep and convexly prominent; major
(primarily apical) pair of scutellar bristles displaced laterally; only one upper posterior
sternopleural bristle present.

The revised set of distinctive apomorphic characters for the subgenus Neurochaeta
(the ‘N. inversa species group’ of Woodley, expanded to include new species) is as follows:
fronto-orbital bristles reduced to 3 pairs; postvertical bristles lost; a series of postgenal
bristles present; suborbital bristle present (below lowest point of eye, see Figs 18, 26);
second (from rear) dorsocentral bristle reduced and approximated to prescutellar dorso-
central, or lost; scutellum with at least one pair of posterior marginal bristles or hairs
between major pair; sternopleuron anteriorly with group of strong hairs or bristles;
macrotrichia on radial sector developed as about 3 strong bristles; second basal cell
confluent with first basal cell; O': surstylus detached from margin of protandrium.

The subgenus Neurochaeta includes the capilo, inversa, magnifica, and parviceps groups,
as newly defined here.

The position of Neurochaeta capilo as a sister group to the remainder of subgenus
Neurochaeta (inversa group sensu Woodley) is evidenced by its having the following plesio-
morphic characters relative to those uniformly present in the rest of the subgenus:
thorax not strongly depressed; 2 dorsocentral bristles present; anterior sternopleural
bristles not differentiated; mid coxae almost contiguous; anal cell closed by distinct,
curved anal crossvein; vein 6 developed beyond anal cell; sternite 8 of male large; cercus
of @ small, not plate-like. For these reasons I place N. capilo as the only known species of
the capilo group.

The apomorphic characters differentiating the parviceps group (V. sabroskyi, N.
parviceps, and N. macalpiner) are: suborbital bristle curved downwards; prelabrum much
reduced; palpus very short; propleuron without distinct callus; prosternum narrow-
linear; metasternum extensively setulose; mid coxae separated by at least width of each
coxa; mid femur with ventral comb of weak bristles; vein 5 not extending beyond discal
cell. The monotypic nversa group lacks the above characters, but has apparently few
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Fig. 17. Dendrogram showing apparent interrelationships of neurochaetid taxa.

apomorphic characters not shared with the parviceps group, viz.: posterior scutellar
bristles forming a regular transverse series; dorsal margin of subscutellum inflexed; ster-
nite 8 of O absent; and (probably) propleural callus enlarged. The group is, however,
intermediate between the capilo group and the parviceps group in several characters, viz.
degree of development of anterior sternopleural bristles; incipient setulosity of meta-
sternum; degree of separation of mid coxae; length of tarsal claws; position of anterior
(incurved) fronto-orbital bristle.

The magnifica group (also monotypic) has an extraordinary array of apomorphic
characters, including all those given for the iwersa group except loss of O sternite 8,
some of those given for the parviceps group (viz. metasternum extensively setulose; mid
coxae separated by at least width of each coxa), and numerous apparently auta-
pomorphic characters (e.g. head depressed; inner vertical bristle absent; anterior
notopleural bristle displaced dorsally; hypopleuron setulose; prosternum very broad;
hind femur much longer than thorax; costal armature simplified). The apparent conflict
in phylogenetic evidence from variously shared apomorphic characters and the phenetic
remoteness from other species of subgenus Neurochaeta complicate the problem of the
immediate relationships of N. magnifica. Careful consideration leads me to the conclu-
sion that those characters shared with the inversa group are most likely to be true synapo-
morphies (although the first two are present in an exaggerated form in N. magnifica),
while the characters shared with the parviceps group are convergent. The broadly ex-
posed, setulose metasternum and widely separated mid coxae are associated with a
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