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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 = 2.9 : 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 × longer than tergite 3; tergite 1 
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 × 
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

1	 Males ......................................................................  2
–	 Females ..................................................................  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. ...........................

	 ...........  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. ...........................

	 .... 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. .......................................................  	
.....................  M. belgardeae Archibald et al., 2014

– 	 Wing membrane hyaline except coloured pterostig-
ma. Known from middle Eocene (Priabonian) Baltic 
amber. ...........  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-
zél 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 R4+5 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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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-
zél, 1944. In Protonephrocerinae (Figs. 28, 30, 36, 40, 
45), sclerites of abdominal segments 6 and 7 are sepa-

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.
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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-Württemberg, Freiburg im Breisgau, Schönberg, 
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).

Pipunculinae

Figs. 31, 35, 39: Pipunculus spec., male, Germany, Schleswig-Hol-
stein, Oeversee, Fröruper 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-
lán, 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.


