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The systematic relationships of Sciadoceridae and of the other families of the
superfamily Phoroidea, i.e., Platypezidae, Ironomyiidae and Phoridae, are reviewed.
A new family, Ironomyiidae, is proposed for Ironomyia nigromaculata White from
Tasmania. Two fossil flies in Canadian (Cretaceous) amber, representing two
new genera and species of Sciadoceridae, are described and figured. These con-
stitute the first record of the family in North America. The supposed phylogenies
of the families of the Phoroidea and of the genera and species of Sciadoceridae
are outlined; the evolution and biogeography of the latter family is treated in
detail. Keys to the families of the Phoroidea and to the genera and species of
Sciadoceridae are provided.

Introduction

Study of some new collections of Canadian amber (McAlpine and Martin, in
preparation) revealed two well-preserved fossils (Figs. 1, 2) of Sciadoceridae.
These specimens, representing two new genera and species (Figs. 3-12), constitute
the first record of the family in North America and increase the known species
from three to five. Sciadocerids occupy a key position in the Phoroidea, one of
the most primitive superfamilies of the cyclorrhaphous Diptera. Although
“situated at an obscure point in the evolutionary plan of the Diptera” (Oldroyd
1964), this superfamily is exceptionally suitable for demonstrating how the elucida-
tion of phylogenetic affinities can aid in solving systematic controversies (Hennig
1954, 1964). Within the Phoroidea, sciadocerids combine certain generalized
features of primitive Platypezidae and important specialized characters of the
Phoridae. The family is also peculiar in that its only living species occur in the
southern extremities of Neotropical and Australian regions, while its fossil species
are from Europe and North America (Fig. 24). As stated by Hennig (1964),
Sciadoceridae and its relatives are emminently suitable for establishing the value
of fossils for determining the geological age and occurrence of animal groups
(Fig. 23).

Only two extant species of Sciadoceridae are known: Sciadocera rufomaculata
White, “the most wonderful fly in the world” (Oldroyd 1964) from southeastern
Australia, Tasmania and New Zealand, and Archiphora patagonica Schmitz from
the southern tip of South America. In discussing the evolution and biogeography
of dipterous groups with this type of distribution, Hennig (1960) surmised that
they probably occurred in the Northern Continents during or prior to lower
Oligocene times, whence representatives dispersed to the areas of the Southern
Continents mentioned. Subsequent identification of the fossil species Archiphora
robusta (Meunier) in Baltic amber (Hennig 1964) established that Sciadoceridae
in fact did occur in Europe in the Oligocene epoch. The two new species in
Cretaceous amber from Canada provide further probative evidence on the occur-
rence and evolution of these interesting animals.

Significantly these fossil sciadoccerids fully confirm earlicr conclusions on the
evolution and biogeography of the family expressed by Hennig (Hennig 1954,
1964) and demonstrate that meaningful conclusions on such matters can be made
even without the aid of fossils. The study of these fossils has also materially
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contributed toward a clearer understanding of the relationships of the Phoroidea
and its component groups (Fig. 23). This, in turn, has led to an improved
system of classification for the group.

Taxonomy

Sciadoceridae belongs to the suborder Cyclorrhapha, the larvac of which lack
a clearly differentiated head and pupate within the last larval skin, that is, in a truc
puparium; the adults in this suborder emerge through a slit in the puparium which
usually detaches an anterodorsal cap. Within the Cyclorrhapha the family falls
in the Aschiza, a natural group which also includes Lonchopteridae, Platypezidac,
Phoridae, Syrphidae, Pipunculidae and, in the opinion of some authors, the
Conopidac.  The adults of all Aschiza lack a ptilinum and a frontal (= ptilinal)
suture. Within the Aschiza Sciadoceridae belongs to the superfamily Phoroidea
(= Hypocera), a monophyletic unit also containing Platypezidac and Phoridac
(Hennig 1954, 1964).

The anomalous species Ironomryia nigromaculata White from Tasmania also
belongs here. It was assigned first to the Empididae (White 1916), then trans-
ferred to the Platypezidae (Tonnoir 1925) and subsequently rejected from that
family by Kessel (1952). As originally suggested by Tonnoir (in Fuller 1934) it
represents a fourth family in the Phoroidea, and the new family Ironomyiidac is
hereby proposed for it; I. nigromaculata is still the only known representative.
The key below outlines the main characters for distinguishing this and the other
familics of the Phoroidea.

The family Sciadoceridae was proposed by Schmitz (1929) for the gencra
Sciadocera White and Archiphora Schmitz. Sciadocera was assigned first to
Empididac (White 1916) and then to Platypezidae (Tonnoir 1923), and later to
Phoridae (Tillyard 1926). Tonnoir (1926) treated it as the type genus of a new
subfamily of Phoridae. Schmitz (1929) regarded it, along with Archiphora
Schmitz, as representing a separate family between Platypezidae and Phoridac,
“but on the whole more closely related to Platypezidac”. Hardy (1946) placed
it in the brachycerous family Dolichopodidae but this is unsatisfactory becausc
Sciadocera is truly cyclorrhaphous. Hennig (1954, 1964) concurred with
Schmitz on the rank and intermediate position of the family but, in agrecment
with Tonnoir (in Fuller 1934), he considered it more closely rclated to Phoridac
than to Platypezidae. Our work shows that, in fact, Sciadoceridae is intermediate
between Ironomyiidae and Phoridae, and that Ironomyiidac is intermediate
between Sciadoceridae and Platypezidae (Fig. 23). The new genera and specics
described below fully justify Tonnoir’s and Hennig’s conclusions that Sciado-
ceridac is more closely related to Phoridae than to Platypezidac. The key to
genera and specics of Sciadoceridae outlines the most significant differences and
similarities in all known members of the family.

Key to Families of Phoroidea
1. Subcosta complete and entirely free from r. (Figs. 13-16). Third antennal
segment more or less triangular with a terminal arista; apex of sccond
scgment not deeply inserted into base of third. Compound eycs of male
contiguous, and with upper and lower facets strongly differentiated .
______ Platypezidae
Subcosta largely fused with r, (Figs. 17-22). Third antennal segment
more or less oval with dorsal or subterminal arista (apical in Ironomyia);
apex of second segment deeply inserted into base of third. Compound
cyes of males not contiguous (narrowly scparated in Ironomyia), and
with upper and lower facets not differentiated .. .. . 2
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2. Stigma present; base and apex of subcosta free; r... ending in wing tip;
veins I, ru., and r.s not distinctly stronger than the following veins
(Fig. 17). Compound cyes of male narrowly separated. Arista
terminal ... .. Ironomyiidae

Stigma absent; apex of subcosta not free; r.. ending well before wing tip;
veins 1y, ws and 1. distinetly stronger than following veins (Figs. 18-
22). Compound cves widely separated in both sexes.  Arista usually
dorsal or subdorsal (Figs. 5, 12) . .

3. Vein ry complete and entirely free from r..s; second basal cell present; roots
of m, and m. not closely associated with r..s, i.c., their origins from stem
of m,.; clearly evident (Figs. 18-21) ... Sciadoceridae

Vein 1y largely or entirely fused with r..; second basal cell absent; stem of
m.. absent and m, and m. apparently, though not actually, arising
obliquely from ro. (Fig. 22) B .. Phoridae

[

Key to Genera and Species of Sciadoceridae
I. Costa extending ncarly to apex of wing; radial veins not compressed into
basal half of wing (Figs. 18-20). Proscutellum developed (Fig. 6).
Palpi little swollen (Figs. 3-5) . . .
Costa ending about middle of wing; radial veins very close together in
basal half of wing (Figs. 10, 21). Proscutellum undeveloped (Fig. 11).

By

Palpi distinctly swollen (Figs. 9, 12) .. Prioriphora new genus
(Type species P. canadambra n. sp.; monobasic.)
2. Discal cell present (Figs. 18, 19). Mesopleuron bare (Fig. 9) . 3

Discal cell absent (Fig. 20). Mesopleuron bristled (Fig. 3)
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, e SCIAdOphoOTa NEW genus
(Type species S. bostoni n. sp.; monobasic.)

3. Common stem and bases of veins m, and m. obliterated (Fig. 19). Antero-
basal half of wing without microtrichia. Hind metatarsus short and

broad ... S OO U Sciadocera White (1916)
(Type species S. rufomaculata White (1916) by monotypy; only species
known.)

Common stem and bases of m: and m. present (Fig. 18). Wing whollv
covered with microtrichia.  Hind metatarsus elongate (as in Figs. 3,

O o Archiphora Schmitz (1929)
(Type species A. patagonica Schmitz by original designation; contains
two species.) 4

4. Scutellum with two pairs of bristles (as in Figs. 6, 11); fossil species . ..
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, A. robusta (Mcunicr) (19053)

Scutellum with one pair of bristles, the anterior pair missing; extant spccics
S A. patagonica Schmitz (1929)

Sciadophora new genus
Figs. 1, 3-8, 20

Head (Figs. 3-5) about twice as high as long, and about as wide as high. Compound
cye bare. Frons with two pair of parafrontals, one pair of outer verticals, several pairs of
interfrontals and one pair of ocellars; all these bristles reclinate. Postocular setac not very
strong, uppermost two or three stronger and curved inwardly. Postverticals relatively
strong, subparallel or slightly divergent. Third antennal segment oval. Arista dorsal, with
very short pubescence, two basal segments elongate. Palpus small. Proboscis short and
fleshy.

Mesonotum (Figs. 3, 6) coarsely setose, with an unpaircd row of strong acrosticals, a
similar but paired row of dorsocentrals, and laterally with a third row of strong bristles.
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Fig. 1. Holotype of Sciadophora bostoni n. sp. as it appears in amber.

Proscutellum  (Fig. 6) strongly developed. Scutellum  large, with two pairs of bristles.
Mesopleuron with one or more bristles (Fig. 3). Notopleuron with three bristles. Pro-
pleural bristles present.

Wing (Fig. 20) rather clongate. Axillary lobe moderately developed. Alula well
developed, with strong sctulae along all of margin. Costa ending slightly before apex of
wing. Stem of m,, present, m, clearly joining m,. Anal and discal cells absent. Second
basal cell present.

Legs and tarsi (Fig. 3) simple. Femora without strong bristles. All tibiac uniformly
setulose, with two small apical bristles on ventral side, without preapical dorsal bristles, and
other bristles weak or absent. Basal tarsal segments of all tarsi elongate.

Abdominal terga 2-7 each with a row of relatively strong setac along posterior margin
(Fig. 7).

Type species Sciadophora bostoni n. sp.

Sciadophora bostoni new species
Figs. 1, 3-8, 20
Holotype 9. Length about 2.0 mm. Body and legs brownish, wings clear. Proportions
of head as shown in Figs. 3-5. Frons slightly longer than wide; sides almost parallel; with
three strong, lateroreclinate parafrontal bristles, the middle one arising slightly closer to the
ventral one than to the dorsal one; with three mesoreclinate interfrontal l)risflcs, the lower-
most much longer and stronger than the upper two. Ocellar bristles lateroreclinate, almost
as long and as strong as upper parafrontals. Postverticals moderately strong, almost parallel.

Three postocular hairs behind uppermost parafrontal much stronger than remaining sctulac
in this series and curving mesad rather than laterad. Antenna a little longer than wide in
side view, with acutely rounded apex. Arista bare; two basal segments subequal in length, cach
at.lcast four times as long as their greatest diameter. Antennal grooves very shallow. Check
with a strong vibrissa-like bristle preceded by a weaker one. Palpus ormigc, much smaller
than third antennal segment; with about five short, black setulae at apex.

) Mesonotum (Figs. 3, 6) abundantly and coarsely bristled. Acrostical bristles (probably
eight) in a single row extending from anterior margin to prescutellar arca. Dorsocentrals
cight, extending from anterior margin to a point opposite hindmost acrostical, progressively
longer and stronger toward rear of row. With a row of five equally strong bristles laterad

-~
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Fig. 2. Holotvpe of Prioriphora canadambra n. sp. as it appears in amber.

of dorsocentrals.  With one humeral, one posthumeral, one supraalar and three notopleural
bristles.  Mesonotum and scutellum without fine hairs or setulac.  Scurcllum (Fig. 60 rather
cordate from above, with four strong bristles.  Proscutellum well developed. Nlesopleuron
with one strong bristle near middle of hind margin; with four or five smaller hairs along
upper margin, the anteriormost hair directed anterodorsad over the mesothoracie spiracle
(Iig. 3). Propleural bristle present. Sternopleuron and pteropleuron apparently bare.

Wing (Figs. 3, 20) about two and two-thirds times as long as wide: uniformly hyvaline;
microtrichia covering entire surface.  Venation as illustrated.  Axillary lobe well developed.
with six or seven slr:)ng setulac along margin.  Costa strongly scrulose from a point distad of
M humeral cross vein to insertion of r,... Sccond basal cell several times longer than wide.
3 IHalteres entirely brownish vellow.

Legs and tarsi (Fig. 3) entirely brown, rather uniformly serulose.  Fach tibia with one

Q strong and one relatively small preapical ventral seta. Hind tibia with onc small dorsal seta on
b4
Q.

LACMIP [oc 17]59

basal third; otherwise all tibia without outstanding bristles.  AIl metatarsi about as long as
the combined lengths of the following three tarsal segments. Front and mid coxac with
bristles on anterior surface. ) )

Abdomen (Figs. 7, 8) rather flattened on dorsum, with a row of relatively strong bristles

i along posterior margin of cach rergum.  Last segment conical; appearing to be comprised of
two parallel, somewhat blade-like lobes.  Last two or three apparently strongly modified as
4 shown in Fig. 8. . . ‘
-~ Holotype in amber (l’ig. 1) collected from t;lillngs at open pit coal measure
Q‘ncnr Medicine Hat, Alberta, by P. Boston in July, 1963. 'I‘_\'pc No. 9126,
deposited in the CN.C. by kind permission of Mr. P. Boston, Medicine Hart,
Alberta.

Remarks.  The amber was found associated with lignitic deposits from the
Foremost Formation (Belly River Series, Upper Cretaccous). Radiometric dates
obtained for the Bearpaw shales that occur immediately above the Foremost
horizons at Medicine Hat range from 72 to 73 million vears (Folinsbee et al.
1964). This establishes the upper limit for the age of the Foremost Formation at
7374 million years (Folinsbee in lit.). According to Boston (in lit.. quoting
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from a letter from Dr. J. D. Campbell, Palaeontologist, Research Council of
Alberta) “the Belly River group falls completely within the boundaries of the
European Campanian epoch”. The dates established by Kulp (1961) for the
beginnings of the Campanian and Maestrichtian epochs are about 81 and 72 million
years respectively. Thus, the holotype of S. bostoni is at least 73 million years
old and this species undoubtedly existed before the close of the Campanian epoch.

We are extremely grateful to Mr. P. Boston, an amateur geologist and gem
collector, for making this specimen and the related geological information avail-
able to us; it is a pleasure to name the species in his honour.

Prioriphora new genus
Figs. 2, 9-12, 21

Head (Figs. 9, 12) about two-thirds as long as high. Compound eye bare. Frons with
one pair of cach of following bristles: outer verticals, fronto-orbitals, anterior interfrontals,
and ocellars; all these bristles reclinate. Postverticals very small and divergent as in Sciadocera.
Postocular setae strong, uppermost two or three distinctly longer and curved inwardly.
Antennal cavities rather weak. Third antennal segment oval. Arista dorsal with very shore
pubescence; two basal segments elongate. Palpus distinctly enlarged on apical half. Proboscis
short and fleshy.

Mesonotum (Fig. 11) shortly setulose anteriorly, and with the following bristles: an
unpaired row of acrosticals, a row of closely placed dorsocentrals, one humeral, onc post-
humeral, one strong postsupraalar preceded by a row of weaker ones, and one postintraalar.
Proscutellum undeveloped. Scutellum rather small; with two pairs of bristles. Pleural sclerites
(Fig. 9) bare except for two propleural setulae and three notopleural bristles.

Wing (Figs. 10, 21) relatively broadly oval. Axillary lobe not evident in holotype.
Alula much as in Sciadophora. Costa ending near middle of anterior margin. Veins r,, r.,,,
and r,,; close together. Stem of m,,, present, extreme base of m, atrophied. Anal and discal
cells absent. Second basal cell small.

Legs (Fig. 9) with strong bristles. All coxae bristled anteriorly at apices. Mid femur
with a strong anterior bristle. Preapical dorsal tibial bristle developed, at least on front
and mid tibiae. Mid and hind tibiae with several bristles in addition to apical bristles. All
metatarsi at least twice as long as following segment.

Abdominal terga uniformly and weakly setulose (Fig. 9).

Type species Prioriphora canadambra n. sp.

Prioriphora canadambra new species
Figs. 2, 9-12, 21

Holotype 4. Length about 1.8 mm. Body dark brown, wings clear, and legs pale
yellow.

Compound eye (Figs. 9, 12) bare, occupying almost entire side of head. Frons (Fig.
12) about as long as wide, sides almost parallel. All frontal bristles strong, outer verticals
strongest.. Parafrontal arising slightly closer to interfrontal than to outer vertical. Antenna
entirely dark brown. Third segment about as long as wide. Arista with very short
pubescence; two basal segments of arista subequal in length, cach at least three or four times
as long as their greatest diameter. Check narrower in width than greatest diamcter of palpus,
with one vibrissa-like genal bristle preceded by a row of smaller postocular sctac. Palpus
(Fig. 12) relatively elongate and distinctly swollen on apical half; strongly setulose apically,
with one bristle much stronger than the others.

Mesonotum (Fig. 11) entirely brown; bristles relatively sparse and short; setulac sparse
and depressed. Acrosticals, about 16, in a single row as illustrated. Dorsocentrals, aboutr 17
in each of two rows, closely spaced and progressively longer and stronger toward rear of
rows. Each side with one humeral, one posthumeral, two postalars, and three notopleural
bristles. About seven, relatively weak, closely spaced supraalar bristles also present. Numcrous
fine setulac present in the presutural area between the dorsocentral row of bristles and the
humerus. Scutellum shorter than broad; with four bristles, the apical pair more distant from
each other than from the lateral ones. Proscutellum undeveloped. Propleuron with two
weak bristles. Mesopleuron, sternopleuron and pteropleuron bare.

Wing (Figs. 10, 21) very phorid-like. Costa scarcely attaining middle of anterior
margin. The first three longitudinal veins relatively thicker than in any other species of the
familv Remainine veins relativelv weaker than in other sciadocerids. Base of m, narrowly
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Figs. 3-8. Sciadophora bostoni n. sp.: 3, right lateral aspect; 4 and 5 anterior and antero-
sinistral views, respectively, of head; 6, dorsal aspect of thorax; 7-8, dorsal and ventral views,
respectively, of abdomen.
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scparated from m,. Axillary angle probably rather poorly developed. Alula with about six
sctulae. Halteres entirely pale yellow.

All coxae strongly bristled at apices. Front and hind femur without strong bristles.
AMid tibia with a single bristle near middle of anterior surface. All tibiae with dorsal, antero-
lateral, and ventral bristles near apex (Fig. 9). Mid tibia with one dorsal and one postero-
dorsal in middle. Hind tibia with one posterodorsal and two anterodorsals. Tarsi long and
slender. All metatarsi about five times as long as wide; ventrally with five to seven evenly
spaced, peg-like spines that stand out among numerous smaller setulac.

Abdomen (Fig. 9) rather slender; terga weakly setulose. Basal sterna apparently present,
though not so distinct as figure indicates. Genitalia rather rectangular in side view.

Holotype in amber (Fig. 2) from Cedar Lake, Manitoba, collected August
1963, by J. E. H. Martin and J. F. McAlpine; type no. 9127 in the CN.C.

Remarks.  Because the amber at Cedar Lake was sccondarily deposited there,
its geological age is somewhat uncertain; it is widely believed to be Cretaceous
(Carpenter et al. 1937; Holland 1951; Sanderson and Farr 1960; McAlpine and
Martin, in preparation).

Evolution and Phylogeny

As implied in the introduction, changes that occurred during the cvolution of
the Phoroidea are strikingly displayed by its members and many step-by-step
changes are revealed by comparing homologous characters in representative
species. Several examples of such evolutionary morphoclines from primitive to
specialized conditions are evident in the shape and venation of the wings (Figs. 13—
22). As to be expected, no known single species embodies all the primitive char-
acters of the original phoroid fly; likewise, none contains all the derived or
specialized conditions that occur within the superfamily. Nevertheless it is
possible to apprehend the primitive and derivitive conditions of many characters
for this group and, by so doing, to conceive the appearance of the ancestor of the
Phoroidea. The establishment of such a base-point is a uscful preface for dis-
cussing the cvolution of the group.

In most respects the Platypezidae changed less from the ancestral conditions
of the Phoroidea than any other group in the superfamily. Hennig  (1954)
showed that their wing venation (Figs. 13~16) is closest to the ‘ground plan’ of all
the Phoroidea, and concluded it differed mainly by the absence of a costa behind
the insertion of mi, but even this is weakly present in at least one genus, that is,
Opetia Meigen. Kessel (1948, 1952, 1960) postulated that the Platypezidac
stemmed from the brachycerous family Empididae; he considered the following
platypezid genera as the most primitive ones in the family: Platypezina Wahlgren,
Opetia Meigen, Microsania Zetterstedt and Melanderomyia Kessel. By pooling
the most primitive conditions of characters in these genera and also those of the
annectant family, the Ironomyiidae, we deduced that the original phoroid fly had
the following characters:

Size and general appearance similar in most respects to Platypezina, that is, rather small
and slender, with arched mesonotum, and dark-brown or reddish-brown in colour.

Compound eyes close together in male, but slightly separated as in Ironomyia; upper and
lower facets not or weakly differentiated. Frons of female with some bristles and some
scattered interfrontal setulae, much as in Platypezina. Antenna rather clongate with a
terminal arista; all segments, including third, hairy; very similar to that of Opetia.

Mesonotum moderately humped as in Platypezina; with numerous fine scattered hairs
as in Opetia and Ironomyia; acrostical hairs not in distinct rows, or if so, weakly biserial;
other mesonotal bristles relatively weakly differentiated from the hairs as in Opetia. Pro-
scutellum (Fig. 6) developed as in Opetia, Microsania, Iromomyia, and Sciadophora.
Scutellum with two or more pairs of weak bristles on the margins as in Opetia and Ironomyia.
Pleural sclerites with weak bristles and hairs as in Opetia. Mesopleuron and pteropleuron
with some sctulae.
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Figs. 9-12. Prioripbora canadambra n. sp.: 9, right lateral view, \.ving omitted; 10, dorsal
acnect of rioht wine: 11. dorsal aspect of thorax: 12, anterodextral view of head.



536 THE CANADIAN ENTOMOLOGIST May 1966

Wing similar in shape to that of Platypezina, Opetia and Microsania (Figs. 13, 15, 16),
that is, broad and with well-developed axillary lobe and alula. Venation similar to that of
Ironomyia (Fig. 17) except subcosta entirely free as in Platypezina (Fig. 13) and costa con-
tinued weakly around margin of wing as in Opetia (Fig. 15). Wing membranc uniformly
covered with microtrichia. Stigma (Figs. 13, 17) well developed. Calyptrac dusky with
brownish margins and fringes. Halteres dark brown or black.

Legs moderately long, slender and simple as in Platypezina, Opetia, Microsania and
Sciadophora (Fig. 3); entirely sctulose, and with few strong bristles as in the genera men-
tioned. Hind metatarsus in both sexes longer than the following segment as in Opetia,
Microsania and Platypezina, and perhaps slightly swollen, especially in males.

Abdomen simple as in Opetia and Ironomyia; terga and sterna with scattered, weak hairs.
Male genitalia directed posteroventrad as in Opetia, Ironomyia and Melanderomyia.

Among various empidids examined, those agrecing most closely with the above
conditions belong to the genera Gloma Meigen and Oreogeton Schiner. Thesc
genera may be descendants of the evolutionary branch which led to the primordial
platypezid.

Morphological evidence from the Phoroidea indicates that at least two lines
descended from a primitive platypezid-like fly with the above characters (Fig. 23).
One line retained empidid-like antennae and a completely free subcosta; in
addition, the radial veins remained scarcely stronger than the other veins and did
not become crowded toward the base of the wing (Fig. 13). This linc led to the
Platypczidae. The following specializations within it are particularly significant:
the compound eyes of the males became or remained contiguous, the hind meta-
tarsi became shortened and dilated, and the furcation of vein m: and m. and the
hind crossvein became shifted distad from the middle of the wing. Kessel (1952,
1960) provided details on the evolution and phylogeny of all the genera of the
Platypezidae.

In the other line the antennae became muscid-like, and the subcosta became
partially fused with r. (Fig. 17). The furcation of wing vein m.. and the
posterior crossvein became shifted toward the base of the wing (Fig. 17). Thesc
changes occur in all remaining members of the Phoroidea.

The most primitive descendant of the latter line is Ironomyia nigromaculata
White. In this unique species, as in primitive Platypezidae, the proscutellum is
well developed, the stigma of the wing is retained, and the apex as well as the
base of the subcosta is free. Unlike the Platypezidae, however, the cyes of the

male arc not contiguous; nevertheless they are close together. Dcrivaﬁvcly, the

discal cell is much shorter than in typical platypezid wings (Fig. 17), presaging its
gradual disappearance in annectant, more highly specialized groups (Figs. 18-20);
the posterior end of the posterior crossvein (m) came to lic closer to the base of
the wing than does its anterior end, whereas this vein is oppositely aligned in the
Platypezidae (Fig. 13). The middle portion of the subcosta became fused with
r,, whereas it remained completely free in Platypezidae.

Morphologically 1. nigromaculata represents a basic step from the Platypezidac
toward the Sciadoceridae. From this standpoint it is difficult to imagine a better

Figs. 13-22. Wings of Phoroidea. 13, Platypezina pacifica Kessel (redrawn from Kesscl
1948); 14, Clythia fasciata Meigen (redrawn from Hennig 1954); 15, Opetia nigra Meigen
(redrawn from Schmitz 1929); 16, Microsania pectinipennis Meigen (redrawn from Hennig
1954); 17, lronontyia nigromaculata White (redrawn from Tonnoir 1925); 18, Archiphora
patagonica Schmitz (redrawn from Schmitz 1929); 19, Sciadocera rufomaculata White
(redrawn from Hennig 1964); 20, Sciadophora bostoni n. sp.; 21, Prioriphora canadambra n. sp.;
22, Megaselia ampullosa Borgmeier (redrawn from Borgmeier 1961).
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qualified “connecting link” between these two families, for even if we did not
know [I. nigromaculata we would have to postulate the existence of a species with
the same combination of characters to account for the changes from the Platy-
pezidae to the Sciadoceridae. Evidently it is a little-changed descendant of the
second line that evolved from the ancestor of the Phoroidea. As such, its sys-
tematic rank is equivalent to those of Sciadoceridae, Platypezidae and Phoridae,
and consequently the new family Ironomyiidae must be erected for it (see above).

The more highly specialized branch leading to the Sciadoceridae plus the
Phoridac changed as follows: the stigma of the wing was lost (Figs. 18-21), the
subcosta became fused with r. on its apical two-thirds or more (Figs. 18-21), the
posterior crossvein and the furcation point of mu. became shifted farther toward
the base of the wing (Figs. 18, 20, 21), veins 1, Ius, and rus became relatively
stronger than the remaining veins and their apical insertions in the costa became
crowded toward the base of the wing (Figs. 18-21), the axillary lobe of the wing
became less prominent; the male frons became almost as wide as in the female
(Figs. 4, 12), and the arista was moved to a subapical dorsal position (Figs. 5, 12).
All these relatively specialized conditions occur in the five known species of
Sciadoceridae and in most Phoridae. The more primitive family, the Sciado-
ceridac, probably descended directly from this branch.

Guided by Hennig’s work (Hennig 1954, 1964) we deduced the primitive and
specialized conditions of about 20 characters of the Sciadoceridac. The relative
conditions of these characters and their distributions among the genera and species
are shown in Table I; sharing of specialized characters (“synapomorphy” of
Hennig) is indicated by stippling.

As evinced by differences in wing venation and in characters of the antenna
in known sciadocerids, this family evolved along two main lines (Fig. 23). One
branch retained a small discal cell and an anal cell (Figs. 18, 19), and the arista, at
least in the males, remained in a subapical dorsal position. The genera Archiphora
and Sciadocera evolved from this branch.

In the other line, both the anal cell and the discal cell were lost through
reduction and fusion of pertinent veins in the base of the wing (Figs. 20, 21), and
the arista became shifted farther dorsad on the third antennal segment.  This linc
led to the gencra Sciadophora and Prioriphbora. Hennig (1964) presented two
plausible interpretations of the evolution of Archiphora patagonica Schmitz, 4.
robusta (Meunier), and Sciadocera rufomaculata White. The morc probable of
the two is that robusta and patagonica are sister descendants of an unknown
ancestor which in turn had a sister-branch relationship with the line leading to
rufomaculata (Fig. 23). 1If this interpretation is correct the evolution of these
three species can be explained as follows.

The line leading to patagonica and robusta retained the bases of veins m... and
m,, and simple, elongate hind metatarsi (Figs. 3, 9). Derivatively, the axillary
lobe of the wing and the anal cell became somewhat reduced and the finer setulac
of the mesonotum and the pleural sclerites were reduced or lost.  Eventually this
linc split into two lines. The morc primitive one, leading to the fossil species
robusta, retained four bristles on the scutellum; the more specialized one, leading
to the extant species patagonica, lost one pair of scutellar bristies.

In the line which led to S. rufomaculata, the axillary lobe of the wing and the
anal cell remained relatively large (Fig. 19). Derivatively, the microtrichiae
disappeared from the base of the wing, the bases of veins m... and m, disappeared,
and the hind metatarsus became relatively short and broad (paralleling a similar
eondition in manv Platvpezidace).
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TABLE I: PRIMITIVE AND DERIVITIVE
CONDITIONS OF 20 CHARACTERS IN
THE SCIADOCERIDAE, AND THEIR
DISTRIBUTIONS AMONG KNOWN SPECIES

Mesonotum with few (4), many (—) strong bristles
Anterior crossvein present (+), absent (—)
Discal cell present (4), absent (—)
Anal cell present (4) , absent (—)
Arista subapical {4), dorsal (—)
Masonotum with (4), without (—) scattered setulae
Pteropleuron with (+), without (—) setulae
Mesopleuron with (4+), without (—) setulae
Fronto-orbitals two pairs (4), one pair (—)
Frons with (4), without (—) inter frontal hairs
Axillary lobe well developed (4), weakly developed (=)
Tibial bristles few, weak (+), several, strong (—)
M1 joining m2 (+), not joining m2 (—)
Alular lobe well developed (4), weak (—)
Wing entirely microtrichose (4), partially so (=)
Base of m1+ 2 present (+4), absent (—)
Hind metatarsus elongate (+) short (—)
R4 + 5 inserted near wing tip (+), far from wing tip (—)
Palpus simple (+), enlarged apically (=)
Proscutellum present (+), absent (—)
Scutellar bristles, two pairs (+), one pair (—)

+ = Primitive condition

— = Derivitive condition
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Fig. 23. Supposed phylogenies of known species of Sciadoceridac and .of thc.other
families of the Phoroidea superimposed on Kulp’s (1961) geological scale (Santonian, Coniacian,
Turonian and Aptian epochs of the Cretaceous period omitted).

Returning to the second main branch of the Sciadoceridae, differences
between Sciadophora bostoni and Prioriphora canadambra show that it became
divided into at least two lines (Fig. 23). The linc leading to S. bostoni retained a
relatively typical sciadocerid wing venation (Fig. 20), that is, with the branches
of r not excessively crowded together in the wing base and r... inserted in the costa
near the wing tip. It also retained a proscutellum (Fig. 6) and relatively slender,
simple legs (Fig. 3). In addition, some hairs were retained on the froqtal vigta
(Fig. 5) and on the mesopleuron (Fig. 3). Derivatively, the base of wing vein
m... became shifted forward so that it appears to arise from r.. (Fig. 20); also, it
developed very strong bristles on the mesopleuron and mesonotum, but it lost all
the scattered, fine, setulae on the latter (Fig. 6). This line sccms to have been
relatively unsuccessful, for the fossil species bostoni is the only descendant known.

The branch leading to Prioriphora retained numerous sctulac on the meso-
notum (Fig. 11), but changed in many other respects: the wing venation changed
strongly toward the conditions typical for the Phoridae, that is, the branches of
became strongly shifted into the base of the wing and r.; became inserted in the
costa near the middle of the wing; the branches of m were shifted basad and for-
ward so that the axes of m,, me, and ms., form a strong angle with the branches of r
(Figs. 10, 21). The proscutellum was lost and the scutellum became smaller in
size (Fig. 11). The legs became somewhat stouter, and the whole body assumed
a more phorid-like appearance (Fig. 9).

This line seems to have been extremely successful, for unquestionably it is the
base from which the large family Phoridae arose. This is not to say that Priori-
phora canadambra is the ancestor of the Phoridac, but simply that phorids
descended from some representative of the Prioriphora line. Since the oldest
true phorids known are Oligocenc in age (Schmitz 1941), the Phoridac probably
arace from 2 aeologically vounger descendant of Prioriphora than P. canadanibra.
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Fig. 24.  Phylogenetic dispersal chart of the Sciadoceridae on a north polar projection
of the world. Principal land masses of Cretaceous period (redrawn from Termier and
Termier 1952) indicated by stippled areas.

The final evolutionary step toward the Phoridae included additional fusion
and reduction in the length of wing vein r; and the loss of the second basal cell
(Fig. 22). In addition, the coxac and femora became stouter and the body
acquired the stockier habitus of typical phorids.

Temporal Origin of the Sciadoceridae

The occurrence of fossil sciadocerids in Canadian amber proves the family
has existed continuously for at least 73-80 million years. Geological ages given
for the formations belicved to be the source of the fossil-bearing fragments (Upper
Cretaccous formations in Alberta and Saskatchewan) range from 63 (== 2) million
years at the end of the Cretaceous period to 81 (= 3) at the beginning of the
Campanian epoch (Kulp 1961; Folinsbec et al. 1960). The supposed relationships
of all known Sciadoceridac (Fig. 23) indicate that the two genera represented in
Canadian amber arose after Archiphora and Sciadocera.  Since P. canadambra is
one of the oldest fossil sciadocerids known and also the most highly specialized
member of the family, the family likely underwent a relatively lnhg period of
evolution prior to Upper Cretaceous times. Thus, the Sciadoceridac could not
have originated much more recently than late in the Lower Cretaceous period.

The presence of Archiphora robusta (Mcunier), a specics not greatly dif-
ferent from A. patagonica Schmitz, proves that the genus Archiphora had already:
evolved by Oligocene times. The phyletic relationships of Sciadocera rufo-
maculata White to species of Archiphora indicate an equally earlv or carlier origin
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for that genus. Thus, the four known genera probably originated in late Lower
or Mid Cretaceous times (Fig. 23).

If these conclusions concerning the age of the Sciadoceridae are correct, the
Ironomyiidae and the Platypezidae, both of which are distinctly morc primitive
than the Sciadoceridae, must have arisen at an even carlier time — certainly not
morc recently than the Lower Cretaceous and perhaps as carly as the Jurassic
period (Fig. 23).

Zoogeography

Data on the zoogeography of the Sciadoceridac arc meagre. Two living
specics belonging to distinct genera are known: onc in the southern tip of South
America and the other in southeastern Australia, Tasmania and New Zcaland
(Fig. 24). Three fossil species belonging to three genera are known: one of the
Oligocene period from Europe belonging to the same genus as the extant species
from South America, and two of the Cretaccous period from Canada. The
absolute age of the fossil species and the supposed relationships of all species
indicate their genera arose in the Cretaccous period. If they arose in the
Cretaceous they undoubtedly dispersed then. The fmnly occurred on the
Northern Continents from Uppcr Cretaceous to Oligocene times; some descen-
dants reached South America, others reached Australia, F'\sm'mm and Ncew
Zealand.

The relatively close affinity between the two species of Archiphora suggests
that this genus dispersed at a time when North America, South Amcrica and
Eurasia were interconnected by land. The sister-group relationship between
Sciadocera and Archiphora indicates that their common ancestor occurred on a
land mass that was interconnected with Europe, Australia and South America.
Ecological characteristics of the family (Hennig 1964) suggest that it has always
lived under subtropical or temperate conditions.

All these prerequisites prevailed during Cretaccous times (sce Termicr and
Termier 1952), the period established for the origin of the family. During the
Upper Cretaceous the Australian zoogeographic region became permanently
separated from the Asiatic continent, and further evolution in many groups repre-
sented there was therefore restricted to lines that reached there prior to the
Tertiary. At the same time, land connections between North and South America
were relatively constant, followed by long periods of isolation during the Tertiary
(Miskimen 1961).

The following explanation of the zoogeography of the Sciadoccridac is based
on the fact that the fossil record and the supposed relationships of known specics
harmonize better with one set of paleogeographic findings than they do with any
other set. Alternative explanations exist and are not ruled out, but the onc given
here seems the most plausible at this time. We offer it not as a definitc and final
conclusion, but as a working hypothesis to be tested against further discoverics.

The family Sciadoceridae probably arose on the ancient “North Atlantic
Continent” (Fig. 24). The size, stability, geography, bioclimatology and the
dispersal opportunities provided, this relatively large, stable land mass would seem
to have afforded a suitable place of origin. Paleogeographic maps of the world
(e.g., Termier and Termier 1952) show that much of what is now northeastern
North America (including Greenland) probably remained above sea level from
Pre-Cambrian times until the present. For long intervals, during the Jurassic and
Cretaceous periods in particular, it was probably connected with western Eurasia
across the North Atlantic, with eastern Eurasia via the Beringian arc, and with
South America by “Terre Caraibe”. At the same time Australia was joined. or
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virtually so, with southeastern Asia by means of “Sundaland” and “Philippinia”.
Durmg the Cretaceous the climate and bloecology on the North Atlantic Con-
tinent offered rich and varied habitats ranging from subtropical in the south to
more temperate conditions in the extreme north.

When one superimposes the family tree of the Sciadoceridac on a map of the
Cretaceous world one may casily visualize the possible, even probable, dispersal
of the family to the parts of the world in which it is known to occur (Fig. 24).
The place of origin could possibly have been Asia rather than the North Atlantic
Continent, but the absence of representatives in Africa, Madagascar and central
Asia and the increased difficulties for known lines to reach their present destina-
tions scriously weakens this argument. The dispersal across the tropics of a
group adapted to temperate or subtropical conditions might also be questioned,
but north-south mountain chains cxisted at that time and provided subtropical
and cven temperate avenucs across the tropical zone to South America and to
Australia.

The occurrence of Sciadocera rufomaculata in Australia, Tasmania and New
Zcaland indicates that these populations of this species have not been separared
very long, or that they are interbreeding more or less continuousiy.  Because the
immature stages can live in decaying flesh (Fuller 1934), the species probably was
introduced into Tasmania and New Zealand from Australia or outlving islands in
relatively recent times, likely through the agency of man, birds md (or) rafting.
Tonnoir (1926) belicved it reached New Zealand as a “migrant” from the north,
possibly by way of Lord Howe Island (Solomon Islds.), New Caledonia, and
(or) Norfolk Island. He discounted the possibility that man introduced it into
New Zealand because “it is a rather localized species, found in native bush only™.
But, at that time it was not known that the species lives in decomposing flesh —
rather common attribute of flies that followed man.

If the zoogeography of the Sciadoceridae is correctly interpreted, this family
is an insect group which was rclatlvely widespread in the late Mesozoic and carly
Tertiary times, followmg which it suffered scvere range restriction and became
confined to its present southern continental habitats.
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