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Figs. 10—18. Holotype of Metanephrocerus hoffeinsorum Kehlmaier & Skevington sp.n. — 10: Entire piece of embedded amber with
inclusion #1537 4; 11: Micro-CT scan, right lateral; 12: Habitus, right lateral; 13: Head and thorax, dorsal view; 14: Left wing, dorsal
view; 15: Abdomen from sternite 3 onwards, ventral view; 16: Left mid leg with femur in ventral and tibia in dorsal view; 17: Left hind

leg, anterior view; 18: Left hind leg with femur in ventral and tibia in dorsal view. Scale bars: 0.5 mm (Figs. 11—18); 2 mm (Fig. 10).
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row (5 hairs) of longer hairs in basal half; mid femur
setose; apart from rows of shorter bristly hairs, posterior
row of about 20 long hairs from base to apex (almost
width of femur); anteroventrally with some longer hairs
at base (hard to assess), posteroventrally with about 10
longer bristly hairs especially in basal half, no peg-like
spines present; hind femur very setose with rows of
short bristly hair dorsally; anterodorsally with two out-
standing long bristles near apex (both longer than width
of femur, the longest 0.38 mm); with anterior, posterior
and antero-/posteroventral rows of longer bristly hairs
(almost width of femur); front and mid tibiae gently bent
(almost straight), covered with rows of short bristles;
hind tibia more strongly bent, with 2 (right leg) or 3 (left
leg) long anteromedial hairs (two longest ones 0.26 mm,
slightly longer than width of tibia, shortest one slightly
more than half width of tibia); tarsal length ratio of front
and mid legs not assessable; tarsal ratio of hind leg about
1:2:3:4:5=29:1.1:0.7:0.6: 1; hind tarsal segments
not flattened; on all legs claws as long as distitarsus and
pulvilli slightly shorter; all legs with distinct but small
spine-like empodium.

Abdomen (dorsal view assessable by micro-CT only
due to wings and mould): suture between tergites 1 and
2 present, discernable laterally under light microscope;
tergite 2 longest, 1.3 x longer than tergite 3; tergite |
with about 15 long lateral and dorsolateral bristles (up
to 0.56 mm), otherwise tergites 2—5 with evenly dis-
tributed hairs about 0.2 mm, longest ones laterally and
dorsally along posterior margins (longest about length
of lateral fan of tergite 1, 0.36—0.56 mm); sternites 2—5
with hairs in posterior half, longest along posterior mar-
gin; sternite 6 with 5 distinct hairs; viewed from caudal
and left lateral, tergite 7 clearly visible; syntergosternite
8 short, about half length of tergite 5, membranous area
not discernible.

Genitalia (resolution of micro-CT scan not suffi-
cient to discern inner genitalic features to same detail as
in M. groehni): externally seen epandrium short, wider
than long; surstyli symmetrical, in dorsal view narrow
and straight, with fine dorsal hairs; a long simple struc-
ture present between surstyli interpreted as phallic guide
complex, base not discernible (see under M. groehni);
distinct phallus not discernible; gonopods hard to inter-
pret, minute and symmetrical; hypandrium roundish and
small, about half length of phallic guide complex; no
other genitalic features assessable.

4.4. Remarks and diagnosis

Due to the generally observed morphological similarity
of pipunculid species (even between genera), the prob-
lematic dating of Baltic amber inclusions originating
from different deposits, and the observed dimorphism
between male and female Metanephrocerus, which is
mainly based on the chaetotaxy of the legs, it is currently
impossible to attribute the newly described species to any
taxon of Metanephrocerus described from females in the
past, i.e., M. collini and M. belgardeae. However, due to
the rareness of pipunculid fossils and the fact that the M.
groehni and M. hoffeinsorum specimens described above
represent the first males known from this genus, the nam-
ing of these two morphospecies appears justified as they
represent a landmark in the reconstruction of the evolu-
tion of big-headed flies.

Metanephrocerus hoffeinsorum is very similar to
M. groehni but can best be distinguished from the latter
by chaetotaxy of hind femur (bristles on anteroventral
row longer than width of femur in M. groehni; in M. hof-
feinsorum about half its width); by outline of mid and
hind femora (dorsal surface more convex in M. hoffein-
sorum); by length of eyes meeting slightly longer than
length of frons (3 as long as frons in M. groehni); by
stronger and more numerous hairs on anepimeron (6 in
M. hoffeinsorum, 3 in M. groehni) and proepimeron (5 in
M. hoffeinsorum, 3 in M. groehni); by tergite 2 being 1.3 x
length of tergite 3 (only slightly longer in M. groehni);
by a slightly longer epandrium. Other features, includ-
ing wing venation and genitalia are too fragmentary for a
proper comparison. Although the identification of extant
male Pipunculidae largely depends on genitalic features,
the above listed outer anatomical criteria are reliable to
positively ascertain the different species affiliation of
both specimens and are commonly used in the charac-
terisation of male and female big-headed flies.

4.5. Identification key to morphospecies
of Metanephrocerus
T MaleS e 2

— Females ....oooiiiiiiiiie e 3

— Figs. 19-30. Micro-CT scans — 19: Head of M. groehni from left lateral with arrow indicating the protruding face: Note that all hairs
and bristles including most of arista are omitted; 20: Section through head of M. groehni to visualise concave posterior surface of head;
21: Section through genital capsule of M. groehni, right lateral; 22: Genital capsule of M. groehni, dorsal view; 23: Section through genital
capsule of M. groehni, left lateral; 24—27: Series of sections through genital capsule of M. groehni in lateroventral view, visualising hypan-
drium, gonopods and phallic guide complex; 28: Abdomen of M. groehni, ventral view (sternite 1 is not discernable); 29: Tip of abdomen
with genital capsule of M. hoffeinsorum, the latter in dorsal view; 30: Line drawing of male genitalia of M. groehni from lateroventral, com-
posed of series of sections through genital capsule (Figs. 24—27). Scale bars: 0.1 mm (Figs. 21-27; 30); 0.5 mm (Figs. 19-20, 28—-29).
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2 Hind femur with bristles on anteroventral row longer
than width of femur (Fig. 7). Length of eyes meet-
ing 3 times as long as length of frons. Anepimeron
and proepimeron with 3 hairs each. Tergite 2 only
slightly longer than tergite 3. Known from middle
Eocene (Priabonian) Baltic amber. ............ccccceueeee.
.......... M. groehni Kehlmaier & Skevington sp.n.

—  Hind femur with bristles on anteroventral row about
half width of femur (Fig. 17). Length of eyes meet-
ing slightly longer than length of frons. Anepimeron
with 6 hairs. Proepimeron with 5 hairs. Tergite 2 is
1.3 times longer than tergite 3. Known from middle
Eocene (Priabonian) Baltic amber. ...........cccccceuee..
... M. hoffeinsorum Kehlmaier & Skevington sp.n.

3 Wing membrane heavily infuscated in basal half;
weakly infuscated in apical half, especially along
veins (see ARCHIBALD et al. 2014: Fig. 1). Known
from early Eocene (Ypresian) Okanagan Highlands
lacustrine shales. .......c.ccoeeevierieiniininiinincncrcsene
.................... M. belgardeae Archibald et al., 2014

—  Wing membrane hyaline except coloured pterostig-
ma. Known from middle Eocene (Priabonian) Baltic
ambetr. .......... M. collini (Carpenter & Hull, 1939)

5. Discussion

Based on the results of SKEvINGTON & YEATES (2000) and
this study, the current placement of Metanephrocerus,
Nephrocerus, Priabona and Protonephrocerus within the
Nephrocerinae is not supported (see below). Therefore,
we raise the family-group name Protonephrocerini (Ac-
zEL 1948: p. 70) to subfamily rank, following articles 35
and 36 of the Code (ICZN 1999), to include, as before,
Metanephrocerus and Protonephrocerus (note that SKEv-
INGTON & YEATEs 2000: p. 221 prematurely applied this
rank to the family-group name for their voucher material
of Protonephrocerus). Protonephrocerinae is character-
ised by vein R,,; ending below the wing tip as coded by
RAFAEL & DE MEYER (1992) and SKEVINGTON & YEATES
(2000). Another morphological feature of the subfam-

ily is the combination of notched posterior eye margin
and straight posterior head margin (Figs. 5, 11, 32) (in
Nephrocerinae both are notched (Fig. 33); in Pipunculi-
nae both are straight (Fig. 31); in Chalarinae eye and head
margins are straight but the occiput is not visible in lat-
eral view (Fig. 34)). A project analysing the phylogenetic
relationships within the Pipunculidae based on a large set
of molecular and morphological data is currently under
way (Skevington et al. ongoing work), and may reveal
additional morphological autapomorphies. The observed
morphology of Metanephrocerus and Protonephrocerus
male terminalia is clearly of a Pipunculinae-like appear-
ance (see below). However, the inclusion of these genera
into Pipunculinae would considerably weaken the phy-
logenetic support for this derived subfamily as already
pointed out by SKEVINGTON & YEATES (2000).

The fact that Metanephrocerus, Nephrocerus, Pria-
bona and Protonephrocerus do not descend from a com-
mon ancestor also becomes apparent when comparing
the general morphology of male terminalia between the
subfamilies. In Pipunculidae, just like in other higher
Diptera, the apical portion of the male abdomen (includ-
ing the genitalia) is characterised by an obligatory ven-
troflexion and circumversion, i.e., a 360° rotation along
the long axis of the body, enabling flexibility during mat-
ing. As a result, the genital capsule is hinged on the left
body side, twisted to the right body side and folded for-
ward about 180°, being tucked away in a protective geni-
tal pouch posterior to sternite 5 (McALpINE 1981; Fig.
28). This way, the dorsal surface of the surstyli is only
visible when the specimen is viewed ventrally and their
tips are pointing towards the head of the fly. The actual
phallus and adjacent structures are mostly concealed and
can only be assessed when the genital capsule is detached
from the abdomen.

Having this in common, the basic morphological
composition of male terminalia differs considerably be-
tween pipunculid subfamilies. In Chalarinae (Figs. 38,
42, 47), abdominal tergite and sternite 6 as well as tergite
and sternite 7 are fused into individual syntergosternites,
which are clearly visible from dorsal and ventral view.
Syntergosternite 8 is large and situated at tip of abdomen
as in other subfamilies, but does not fully enfold the go-
nopods. The epandrium, surstyli, gonopods and phallus
appear laterally flattened compared to other subfamilies.

— Figs. 31-47. Morphological features of Pipunculidae subfamilies. Colour code: epandrium (blue), gonopods (orange), hypandrium

(pink), surstyli (green), syntergosternite 8 (yellow). Not to scale. — 31: Head of Pipunculinae, left lateral; 32: Head of Protonephroceri-

nae, left lateral; 33: Head of Nephrocerinae, left lateral; 34: Head of Chalarinae, left lateral; 35: Abdomen of Pipunculinae, dorsal view;

36: Abdomen of Protonephrocerinae, dorsal view; 37: Abdomen of Nephrocerinae, dorsal view; 38: Abdomen of Chalarinae, dorsal view;

39: Pipunculinae, tip of abdomen with genital capsule, the latter in dorsal view; 40: Protonephrocerinae, tip of abdomen with genital cap-

sule, the latter in dorsal view; 41: Nephrocerinae, tip of abdomen with genital capsule, the latter in dorsal view; 42: Chalarinae, tip of abdo-

men with genital capsule, the latter in dorsal view; 43: Phallus of Pipunculinae, ventral view; 44: Genital capsule of Pipunculinae, ventral

view; 45: Genital capsule of Protonephrocerinae, ventral view; 46: Genital capsule of Nephrocerinae, ventral view; 47: Genital capsule of

Chalarinae, left lateral with left gonopod removed.
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Table 1. Diagnostic features differentiating Protonephrocerus from Metanephrocerus.

Protonephrocerus Collin, 1931

Metanephracerus Aczél, 1948

Hind margin of eye with large notch

Hind margin of eye with small notch

Vertex of head without ocellar and postocellar bristles

Vertex of head with short ocellar and postocellar bristles

Anepimeron with one small bristle

Anepimeron with several bristles stronger than in Protonephrocerus

Wing without anal lobe, the margin being formed by the anal vein A,

Wing with distinct anal lobe

Vein R,,s reaching wing margin clearly below wing tip

Vein R,,5 reaching wing margin slightly below wing tip

Hind tibia without long anteromedial hairs

Hind tibia with 2—3 long anteromedial hairs

Membranous area on syntergosternite 8 present

Membranous area on syntergosternite 8 absent

The surstyli are small and rather uniformly shaped. The
gonopods are enlarged and visible externally, sheltering
the hypandrium and distiphallus. The latter has two sym-
metric processes that can be reduced or lost secondar-
ily. A phallic guide is absent. In Nephrocerinae (Figs.
37, 41, 46), the tergites and sternites of abdominal seg-
ments 6 and 7 are separate. The sternites are reduced,
hidden by external genitalia while tergite 6 is large and
clearly visible from dorsal and ventral views and tergite
7 is small but partly visible dorsally. Syntergosternite 8
is at the tip of the abdomen with a narrow membranous
fold visible ventrally. The enlarged epandrium is horse-
shoe-shaped, the surstyli asymmetric, and the gonopods
small and symmetrical. The hypandrium is reduced to
a small plate. A phallic guide is absent. The distiphal-
lus is long and coiled, thick and black, and extending
from the genital pouch. Note that no details are available
for Priabona, whose subfamily attribution is currently
grounded on the head morphology only. In Pipunculi-
nae (Figs. 35, 39, 43, 44), abdominal segments 6 and 7
are morphologically diverse; however, they are always
twisted to the left and partly reduced. Sternite 7 is the
largest and always visible externally. Tergites 6 and 7
and sternite 6 are often narrow bands hidden by tergite 5.
Tergite 6 can often be visible dorsally and tergite 7 can
be absent or fused into syntergosternite 8. Syntergoster-
nite 8 usually exhibits a membranous region that faces
the internal end of the phallus and is manipulated by the
position of the latter, i.e., when the phallus is retracted,
the membrane is inflated. The surstyli are highly vari-
able, ranging from simple and symmetrical to complex
and asymmetrical. The hypandrium is well developed
and hidden within syntergosternite 8. The gonopods are
often asymmetric and enlarged, but small and symmet-
ric in basal lineages like Dasydorylas Skevington, 2001.
The phallic guide is always present and can be highly
variable even between closely related species. It repre-
sents an important diagnostic feature and can be small
and simple shaped or large and complex with hooks and
spines (see Kehlmaier 2005). The distiphallus is simple
to trifid and normally weakly sclerotized and translucent.
The phallus, phallic guide and gonopods are mostly con-
cealed by the epandrium which is rather rectangular and
can be considerably elongated, e.g., Tomosvaryella Ac-
z¢l, 1944. In Protonephrocerinae (Figs. 28, 30, 36, 40,
45), sclerites of abdominal segments 6 and 7 are sepa-
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rate, with tergites 6 and 7 visible dorsally and sternites
6 and 7 visible ventrally. The enlarged syntergosternite
8 bares a small membranous region in extant species
only. The epandrium is short (about as long as wide) and
the surstyli are rather symmetric. The hypandrium and
gonopods are small and symmetric. The phallic guide
encircles the single-ducted phallus. This phallic guide
complex is long and narrow and possesses two lateral
projections towards its apex in extant species. On the ge-
nus level, Metanephrocerus can be distinguished from
Protonephrocerus by the features summarised in Table
1.

6. Acknowledgements

We are greatly indebted to Christel and Hans-Werner Hoffeins
(Hamburg, Germany) and Carsten Grohn (Glinde, Germany) for
generously putting their collections at our disposal.

7. References

AcziL M. 1948. Grundlagen einer Monographie der Dorilaiden
(Diptera). Dorilaiden-Studien VI. — Acta Zoologica Lilloana
6: 5-168.

ARCHIBALD S.B., MatHEwEs R.W. 2000. Early Eocene insects from
Quilchena, British Columbia, and their paleoclimatic implica-
tions. — Canadian Journal of Zoology 78: 1441—1462.

ARcHIBALD S.B., KeHimaler C., MartHEwes R.W. 2014. Early
Eocene big headed flies (Diptera: Pipunculidae) from the
Okanagan Highlands, western North America. — The Canadian
Entomologist, FirstView article, published online: 02 January
2014. doi:10.4039/tce.2013.79.

BonpE N., ANDERSEN S., HALD N., JakoBseN S.L. 2008. Danekrae —
Danmarks bedste fossiler. — Gyldendal, Copenhagen. 224 pp.

DE MEYER M. 1995. Short note on fossil Pipunculidae (Diptera)
from Dominican Amber. — Journal of the New York Entomo-
logical Society 103: 208—-214.

Dierick M., CNUDDE V., MASSCHAELE B., VLASSENBROECK J., VAN
HooreBEKE L., Jacoss P. 2007. Micro-CT of fossils preserved
in amber. — Nuclear Instruments and Methods in Physics Re-
search A: Accelerators, Spectrometers, Detectors and Associ-
ated Equipment 580: 641—643.

SENCKENBERG



ARTHROPOD SYSTEMATICS & PHYLOGENY — 72 (1) 2014

Dierick M., VaN Loo D., MasscHAELE B., BooNE M., VaN Hoo-
REBEKE L. 2010. A LabVIEW (R) based generic CT scanner
control software platform. — Journal of X-Ray Science and
Technology 18: 451-461.

Horremns H.W. 2001. On the conservation and preparation of amber
inclusions in artificial resin. — Polskie Pismo Entomologiczne
70: 215-219.

ICZN [International Commission on Zoological Nomenclature]
1999. International Code of Zoological Nomenclature. Fourth
Edition. — International Trust for Zoological Nomenclature,
The Natural History Museum, London, 335 pp.

JanzeN J.-W. 2002. Arthropods in Baltic Amber. — Ampyx Verlag,
Halle (Saale), 167 pp.

KeHLMAIER C. 2005. Taxonomic revision of European Eudorylini
(Insecta, Diptera, Pipunculidae). — Verhandlungen des Natur-
wissenschaftlichen Vereins in Hamburg (NF) 41: 45—-353.

MasscHAELE B.C., CNUDDE V., Dierick M., Jacoss P., VaN Hoo-
REBEKE L., VLASSENBROECK J. 2007. UGCT: New X-ray Radi-
ography and Tomography Facility. — Nuclear Instruments and
Methods in Physics Research Section A: Accelerators, Spec-
trometers, Detectors and Associated Equipment 580: 266—269.

McALpINE J.F. 1981. Morphology and terminology — adults. Pp.
9—-63 in: McALPINE J.F., PETERSON B.V., SHEWELL G.E., TESKEY
H.J., VockerotH J.R., Woop D.M. (eds), Manual of Nearctic
Diptera. Vol. 1. — Agriculture Canada Monograph 27, Research
Branch, Agriculture Canada, Ottawa.

PerkovskY E.E., RasNITSYN A.P., VLASKIN A.P., TARASCHUK M.V.
2007. A comparative analysis of the Baltic and Rovno amber
arthropod faunas: representative samples. — African Inverte-
brates 48: 229—-245.

RAFAEL J.A., DE MEYER M. 1992. Generic classification of the fam-
ily Pipunculidae (Diptera): a cladistic analysis. — Journal of
Natural History 26: 637—658.

RaraEL JLA., SkevingToN J.H. 2010. Pipunculidae (big-headed
flies). Pp. 793—-803 in: BrowN B.V., BorKENT A., CUMMING
J.M., Woop D.M., WoobLey N.E., Zumapo M.A. (eds), Man-
ual of Central American Diptera. vol. 2. — NRC Research Press,
Ottawa.

SENCKENBERG

Ritzkowskr S. 1997. K-Ar-Altersbestimmungen der bernsteinfiih-
renden Sedimente des Samlandes (Paldogen, Bezirk Kalinin-
grad). — Metalla (Bochum) 66: 19—-23.

SkevINGTON J.H. 2002. Revision of Australian Eudorylas Aczél (Di-
ptera: Pipunculidae). — Studia dipterologica 9: 621-672.

SkevVINGTON J.H. 2005. Revision of Nearctic Nephrocerus Zetter-
stedt (Diptera: Pipunculidae). — Zootaxa 977: 1-36.

SkeVINGTON J.H., KEHLMAIER C. 2008. A new species of Chalarus
Walker (Diptera: Pipunculidae) from Fiji. — Bishop Museum
Occasional Papers 98: 15-20.

SkevINGTON J.H., YEATES D.K. 2000. Phylogeny of the Syrphoidea
(Diptera) inferred from mtDNA sequences and morphology
with particular reference to classification of the Pipunculidae
(Diptera). — Molecular Phylogenetics and Evolution 16: 212—
224.

SkevINGTON J.H., YEATES D.K. 2001. Phylogenetic classification of
Eudorylini (Diptera: Pipunculidae). — Systematic Entomology
26: 421-452.

VLASSENBROECK J., DIERICK M., MASSCHAELE B., CNUDDE V., VAN
HooreBekE L., Jacoss P. 2007. Software tools for quantifica-
tion of X-ray microtomography at the UGCT. — Nuclear Instru-
ments and Methods in Physics Research A: Accelerators, Spec-
trometers, Detectors and Associated Equipment 580: 442 —445.

WEITscHAT W., WicHARD W. 1998. Atlas der Pflanzen und Tiere im
Baltischen Bernstein. — Pfeil-Verlag, Miinchen, 256 pp.

WertscHAT W., WicHArD W. 2010. Chapter 6. Baltic Amber. Pp.
80—115 in: PennNEY D. (ed.), Biodiversity of fossils in amber
from the major world deposits. — Siri Scientific Press, Man-
chester.

WIEGMANN B.M., TRAUTWEIN M.D., WINKLER L.S., BARR N.B., Kim
J.-W., LamBKIN C., BERTONE M. A., CasseL B.K., BAYLEss K.M.,
HemMBERG A.M., WHEELER B.M., PETERSON K.J., PAPE T., SIN-
cLAIR B.J., SKEVINGTON J.H., BLAGODEROV V., CARAVAS J., KUTTY
S.N., ScumipT-Ot1T U., KAMPMEIER G.E., THOMPSON F.C., GRri-
MALDI D.A., BECKENBACH A.T., CoUuRTNEY G.W., FRIEDRICH M.,
MEeier R., YEaTEs D.K. 2011. Episodic radiations in the fly tree
of life. — Proceedings of the National Academy of Sciences of
the United States of America 108: 5690—5695.

35



KeEHLMAIER et al.: Micro-CT studies of Eocene Pipunculidae

Appendix: Specimen details

Chalarinae

Figs. 34, 38, 42: Verrallia aucta (Fallén, 1817); male, Ger-
many, Mecklenburg-Vorpommern, 2 km N of Ahrenshoop,
10.vi.2003, leg. A.C. Pont, coll. C. Kehlmaier.

Fig. 47: Chalarus irwini Skevington & Kehlmaier, 2008;
JSS#15603; redrawn from SKEVINGTON & KEHLMAIER (2008:
p. 18, modified).

Nephrocerinae

Fig. 33: Nephrocerus scutellatus (Macquart, 1834); male, Ger-
many, Baden-Wiirttemberg, Freiburg im Breisgau, Schonberg,
1.vi.1990, leg. C. Kassebeer, coll. C. Kehlmaier.

Figs. 37, 41: Nephrocerus scutellatus (Macquart, 1834); male, Ger-
many, Niedersachsen, Harpstedt, Goseriede 35, leg. A. Suttrop,
coll. C. Kehlmaier

Fig. 46: Nephrocerus acanthostylus Skevington, 2005; JSS#11411;
redrawn from SKEVINGTON (2005: p. 12).
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Pipunculinae

Figs. 31, 35, 39: Pipunculus spec., male, Germany, Schleswig-Hol-
stein, Oeversee, Froruper Berge, 28.vi.1997, leg. C. Claussen,
coll. C. Kehlmaier

Figs. 43, 44: Eudorylas moffattensis Skevington, 2002; JSS#29;
redrawn from SKEVINGTON (2002: p. 659).

Protonephrocerinae

Fig. 32: Protonephrocerus chiloensis Collin; female, Chile, Chil-
lan, Shangri-La, 19.-30.xii.1983, leg. L.E. Pena, det. Rafael
(1984), coll. FMNH.

Fig. 36: Protonephrocerus spec.; CNCD190036B.

Fig. 40: Protonephrocerus spec.; CNCD190036B.

Fig. 45: Protonephrocerus spec.; JSS#16840.
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