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Sciadoceridae (Diptera) reconsidered

Abstract: TONNOIR's (1926) assignment of Sciadocera rufomaculata W hite to the Phoridae is supported and
SCHMITZ's (1929) transfer of it and Archiphora patagonica SCHMITZ to a separate family, Sciadoceridae, is
rejected. The growing number of fossils bridging the gap between Sciadoceridae and Phoridae support the
view that the sciadocerids are merely an assortment of Phoridae that share some plesiomorphic features.
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INTRODUCTION

YEATES and WIiEGMANN (1999) have provided a useful review of the higher-level
phylogeny of Diptera. An area of continuing debate relates to the Aschiza (“Lower
Cyclorrhapha" of these authors), especially the familes other than the Syrphoidea. Per-
haps the most intriguing flies in this assemblage are two present-day genera, and sev-
eral fossil genera, currently assigned to the family Sciadoceridae. The present paper
reconsiders these genera.

WHITE (1917) described Sciadocera rufomaculata (Fig. 1) from Tasmania and assigned
it to the Empidae (Empididae), Hybotinae (Hybotidae). However, he commented that “the
correct position of this curious genus is somewhat doubtful". TONNOIR (1923) agreed
and transferred it to the Platypezidae, but noting that the wing venation (Fig. 14) is
transitional between this family and the Phoridae. He subsequently reassigned it to the
Phoridae, Sciadocerinae (TONNOIR 1926) . He had shown specimens to Professor Bezzi,
who commented that “it is the most wonderful Dipteron he has ever seen". Because it
seems to combine features of Empididae, Dolichopodidae, Phoridae and Platypezidae it, and



310 R. H. L. Disney

the subsequently described South American Archiphora patagonica SCHMITZ (1929b),
have intrigued students of Diptera phylogeny ever since (e.g. OLDROYD 1964; HENNTG 1966).
SCHMITZ (1929b) emphasised the resem-
blance of these two genera to the Platypczi-
dae, and then proposed that the subfamily be
raised to family rank. However, TONNOIR (in
FULLER 1934), when reviewing the details of
the larva and puparium of Sciadocern ru-
fomaculata, concluded that these indicated a
closer affinity with the Phoridae. Likewise
HENNIG (1964), when commenting on the
affinities of Archiphora robusta (MEUNIER)
from the Baltic amber, agreed with Tonnoir,
but supported Schmitz in treating these two
genera as belonging to a separate family.
Hennig's opinion has since prevailed and
nobody now disputes that these two genera
belong to the Platypezoidea/Phoroidea section
of the Aschiza.
The discovery of fossil Sciadoceridae in
Tertiary and Cretaceous ambers (HENNIG
1964, MCALPINE & MARTIN 1966) seemed to
Fie. 1. Sciadocern rufomaculata male (After fen . T .
OLDROYD 1964) secure the position 0% this family as the puta-
tive sister group of the Phoridae. BROWN (1992)
then used this hypothesis to polarise a number of proposed transformation series re-
lating to the groundplan character states of the Phoridae, and then offered some novel
hypotheses regarding the supra-generic classification of the Phoridae. These in turn
engendered a debate (DISNEY 1993; BROWN 1995; DISNEY 1996). The discovery of fur-
ther Cretaceous fossils (GRIMALDI 1989; BROWN & PIKE 1990; MOSTOVSKI 1996, 1999;
ARILLO & MOSTOVSKI 1999; GRIMALDI & CUMMING 1999), belonging to Sciadoceridae,
Phoridae, or of uncertain assignment with respect to these two families, has raised
anew the question of the family assignment of the species currently placed in the
Sciadoceridae. The present paper, therefore, reviews the validity or otherwise of this
family.

RELEVANT CHARACTER STATES

The late Colin Patterson is reported to have stated on several occasions that 'Tor a
taxonomist it is as important to discover a new character as to discover a new species"
(VANE-WRIGHT 2000). The character states that are relevant to the task of phylogenetic
systematisation are those considered to be apomorphic. These states, however, may
have evolved more than once. Indeed it is now clear that convergent evolution has
been widespread and common (e.g. MOORE & WiIiLLMER 1997). Consequently we need
to consider how likely it is that a proposed apomorphy has evolved more than once.
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The loss of a feature, such as the basal segment of the palp (Fig. 4) or a cross vein in
the wing, can be achieved by a single mutation of a critical switching gene. The acqui-
sition of the same feature, however, will require a series of mutations, as we now
know that the development of such a cross vein in Drosophilidae requires a set of
genes. In view of these considerations we can now perceive that the early discussions
of the affinities of Sciadocera and Archiphora have been obscured by paying too much
attention to plesiomorphic features, especially those which they share with the
Platypezidae (e.g. the retention of a series of abdominal sternites), and to the loss of
relatively trivial character states, such as details of the wing venation or bristles.

Figs 2-6. Sciadocera rufomaculata. 2-4. Female: 2 - left halves of scutum and scutellum from above, with bris-

tles represented by their basal sockets only, 3 - abdominal terminalia from above (T10 = tergite 10,
E =epiproct, ¢ = cercus), 4 - left palp. 5-6. Male hypopygium: 5 - left face, 6 - right face (h = hypandrium,
p = penis complex, s = surstylus). Scale bars =0.1 mm.

When we consider the character states reviewed by SCHMITZ (1929b), when he was
concerned with emphasising the distinction between the sciadocerid genera and the
Phoridae, we are now in a position to question some of his examples. In some genera,
e.g. Pseudacteon COQUILLETT females, abdominal sternite 6 is present. The reduction
and loss of small hairs on the thoracic scutum (Figs 2 & 10) is also a feature of some
Termitoxeniinae (Disney & Kistner 1995, 1997). Furthermore, before the discovery of
the flying-stage females of these peculiar flies, which he erroneously assigned to a
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new subfamily linking the Termitoxeniinae to the Phoridae (ScumiTZ 1951), he had
strongly defended the separate family status of these flies. The recognition of the
males of the Termitoxeniinae finally resolved these confusions (Disney & CUMMING
1992). By contrast the possession of numerous bristles on the scutum (Figs 1 & 2) is not
only found in some Termitoxeniinae but is now considered to be a plesiomorphic fea-
ture of the Cyclorrhapha (SIMPSON et al. 1999).

The female abdominal terminalia (Fig. 3) are essentially of the phorid type, but
with the apomorphy of the cerci not being demarcated at the base (as is the case in
some Phoridae). G rim aldi & CUMMING (1999) cite the asymmetry of the male hypopy-
gium as an autapomorphy of the Sciadoceridae. Flowever, several phorid genera pos-
sess markedly asymmetric hypopygia. The hypopygium of Sciadocera (Figs 5, 6 & 8),
which has been discussed recently (DISNEY 1999), is now perceived to be more phorid
like than platypezid. Indeed some subsequently described phorids have parts of the
hypopygia that more closely resemble those of Platypezidae, such as Chonocephalus
blackithorum DISNEY (1986), which has platypezid-like gonopods (Fig. 11), and
Xenotriphleba dentistylata Buck (1997), which has platypezid-like surstyli (Fig. 12).
Likewise the anterior thoracic spiracle of Sciadocera is indeed unusual in not being
circular (Fig. 10), but it is also not circular in several unrelated genera of Phoridae.

Figs 7-10. Sciadocera rufomaculata. 7 - female, left antenna. 8 - male, penis complex still attached to hypan-
drium (h), viewed from above and from right (b = paraphysis, s = surstylus); 9 - female, dorsal face of part
of costa, 10 - female, anterior spiracle and adjacent regions of thorax. Scale bars = 0.1 mm.
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The emergence during evolution of the Sciadoceridae and Phoridae was marked by
changes in the geometry of the wing veins. These are fundamentally related to vein
R4+5 no longer reaching, or over-reaching, the wing tip (McALPINE & M artin 1966).

The [Ironomyiidae retain the
plesiomorphic  state, along
with a stigma (bounded by the
costa and the tips of the Sc and
R1 veins). Sciadoceridae and
Phoridae, however, both pos-
sess a shortened R4+5, a loss of
the stigma and of the ending of
the Sc in the costa. A similar
change has occurred in some
Empidoidea (e.g. Fig. 13), but in
these cases the costa still ex-
tends to the tip of the MI+2.
MCALPINE (1989) proposed the
loss of the discal (discal me-
dial) cell of the wing as the
principal apomorphy distin-
guishing Phoridae from Sciado-
Fig. 11. Oionocephalus blackithorwn male, hypopygium from below (89 Ceridae. He also proposed a
= stemite 9, LG, RG = left and right gonopods). Scale bar = 0.1 mm. reduced dm cell as an auta-
pomorphy of the Sciadoceridae.
Nobody doubts that the pro-
gressive simplification of the
wing venation has been a ma-
jor feature of the process lead-
ing to the evolutionary emer-
gence of the Phoridae. Not sur-
prisingly, therefore, the inter-
pretation of the homologies of
the very simplified phorid
wing venation has been at the
centre of the debates relating
Fig. 12. Xenotriphleba dentistylata male, left face of hypopygium, to the classification of the
with inner face of left surstylus to right. Scale bar - 0.1 mm. Sciadoceridae. A pivotal question
is the homologies of the fourth and fifth longitudinal veins, the first two thin veins.
TONNOIR (1926) regarded these as being the M1 and M2 in both Phoridae and Sciado-
cera. However, SCHMITZ (1929a) interpreted them as being the M1+2 and M3 in the
Phoridae. By contrast he considered those of the Sciadoceridae to be the M1 and M2
(SCHMITZ 1929b). However, he subsequently reinterpreted those of the Phoridae as
also being the M1 and M2 (SCHMITZ 1938). This interpretation prevailed until con-
sideration of some mutants in Phoridae challenged it (Disney 1985, 1991; Reeves &
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DISNEY 1999; Disney & MichailovsK AYA 2000). These mutants include a forked vein
4, a cross vein linking veins 4 and 5 and the latter plus a complete discal cell. The in-
terpretation that involves the fewest assumptions is that the genes required to allow
the development of these states are ancestral genes that are normally not expressed
because an upstream switching gene is normally not activated. When a mutation re-
verses this then the ancestral states may be expressed once again. The alternative line
of evidence employed to support the interpretation of vein 4 being the M 1 alone comes
from consideration of the positions of the folds between the wing veins (MOSTOVSKI1996),
despite the admission that

"the arrangement of folds

R2+3 may differ even in closely

related groups". Indeed,

consideration of the func-

tional morphology of the

wings in  Diptera (e.g.

WOOTTON  1981; ENNOS

Rl 1989) would strongly indi-
s cate that the relative posi-
R4+5 tions of the longitudinal
veins control the positions

of these folds. To deduce

M2 the homologies of the veins
from the relative positions

o rees B of the folds would, there-

R4+s fore, seem to be a some-

what curious procedure;

especially as it is precisely

the shift in the positions of

15 critical longitudinal veins
that distinguishes typical

Phoridae from the Sciado-
Figs 13-15. Proposed homologies of wing veins. 13 - Dolichopus penna- ceopidae. My interpretation is
tus MEIGEN (Dolichopodidae). 14 - Sciadocera rufomaculata. 15 -
Megaselia rufipes (MEIGEN) (Phoridae). Scale bars = 0.1 mm.

2A

as Fig. 15. However, until a
consensus is achieved it would
seem best to concentrate on other putative apormorphies. The short robust costal cilia (Fig. 9)
are probably a plesiomorphic feature.

M cAlpine (1989) proposed the loss of the empodium as an autapomorphy of the
Sciadoceridae. However, such losses are liable to occur independently in related taxa.
Indeed McAlpine noted that this loss had also occurred in the Lonchopteridae. 1t has
also occurred in some Phoridae. McAlpine also refers to the lack of a sperm pump and
ejaculatory apodeme in the males and the unsclerotised spermathecae in the females
in the Phoridae. However, Brown (1992) pointed out that these two features are also
characteristic of the Sciadoceridae. Furthermore, the single spermatheca in the phorid
genus Chonocephalus is sclerotised (Disney 1986). Likewise McAlpine's reference to the
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form of the antennal pedicel in Sciadoceridae (Fig. 7) as being unique, is contradicted by
several genera of Phoridae. Also Grimaldi and Cumming (1999) proposed a dorsal
arista of the third antennal segment (a composite segment termed the postpedicel by
Stuckenberg, 1999) as an autapomorphy of Sciadoceridae plus Phoridae. However, this
apomorphy is not shared by many genera of Phoridae, which retain an apical arista.
Apart from the reductions in the
wing venation, BROWN (1992) cites
the loss of the 'proscutellum’' (in the
sense of M cAlpine & M artin 1966;
not the scutellum of the pronotum of
most authors) as an autapomorphy
of the Phoridae. This feature is a more
or less well defined region at the rear
of the scutum in some fossils as-

signed to the Sciadoceridae. 1t is cer- . . . .
Fig. 16. Dicranopteron palmasetorum female, right wing.

tainly not readily apparent in Sciado- g .ic bar = 0.1 mm.

cera (Fig. 2). 1 therefore endorse
Brown's (1992) comment on this
character state, that "its usefulness is
questionable". Despite this MOSTOVSKI
(1999) uses this same feature in both
his cladograms for various fossils.
His defining autapomorphy for the
Phoridae is the short fork of the wing
vein Rs. However, some Phoridae have

Fig. 17. Triphleba collini SCHMITZ male, anterior face of
hind basitarsus. Scale bar = 0.1 mm.

an enormous fork, for example Dicranopteron palmasetorum Disney (Disney & KiSTNER

1994) (Fig. 16). I suggest that the essential perception that emerges from the papers of
MOSTOVSKI (1999) and GRIMALDI & CUMMING (1999) is that a number of fossil genera

span the supposed gap between the Sciadoceridae and Phoridae.

By contrast with the wing characters, most of which amount to varying degrees of
reduction and loss, and the even more dubious 'proscutellum' character, both Sciado-
ceridae and Phoridae possess longitudinal hair palisades on the hind basitarsus (Fig.
17). A few Platypezidae possess this feature. However, this family and the Opetiidae
lack the enlarged conus of the antennal pedicel that characterises the rest of the
Aschiza (DISNEY 1988, 1996). In practice Phoridae, including all the genera with flight-
less females, plus Sciadoceridae can be recognised by the combination of these two fea-
tures (Disney 1994). If we allow for the convergent evolution of similar basitarsal hair
palisades in a few Platypezidae, then this character constitutes a positive, neomorphic,
autapomorphy of the Sciadoceridae plus Phoridae as a single monophylum.

CONCLUSION

No convincing synapomorphy characterises the Sciadoceridae. 1 therefore suggest that
these genera comprise an assemblage of Phoridae that possess a mosaic of plesiomorphic
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and apomorphic character states. This assemblage is probably paraphyletic or poly-
phyletic. I therefore formally propose the return of Sciadocera and Archiphora to the
Phoridae, as originally proposed by TONNOIR (1926, 1934 - in FULLER 1934). In assigning
fossils to the Phoridae, two critical autapomorphies are the possession of longitudinal
hair palisades on the hind basitarsus and vein R4+5 ending before the wing tip.
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STRESZCZENIE

[Tytut: Rewizja rodziny Sciadoceridae (Diptera)]

Sciadoceidae to rodzina o dyskutowanej pozycji taksonomicznej. Zaliczane do niej
gatunki: tasmanski Sciadocera rufomaculata W HITE i potudniowoamerykanski Archipho-
ra patagonica SCHMITZ wtaczano do Empididae, Platypezidae, Phoridae oraz wydzielano w
odrebng rodzing. W obecnej pracy rodzing t¢ poddano powtdrnej analizie, w wyniku
ktorej traci dotychczasowy status, a tworzace ja gatunki ponownie zostaty wiaczone
do rodziny Phoridae.





