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Abstract. A new, extinct species of Allodia Winnertz is de-
scribed from early Miocene amber of Ethiopia. Allodia pale-
oafricana sp. nov. is mostly characterized by the scutum with
strong anteromarginal, dorsocentral, and lateral setae and the
wing with the stem of the M-fork slightly shorter than the
vein r—m and the base of the M4—CuA fork aligned with the
base of —m. The assignment to any of the two subgenera Al-
lodia stricto sensu or Brachycampta Winnertz remains equiv-
ocal as the fossil intermingles traits found in both taxa. Allo-
dia is known mostly from the Palearctic region, while only
a few species have been described from Africa. In this re-
gard, the new fossil species from Ethiopia brings significant
new information regarding the Afrotropical distribution and
natural history of the genus.

1 Introduction

Mycetophilidae, also known as true fungus gnats, is a diversi-
fied family of Sciaroidea (Diptera), with approximately 4500
species described to date (Magnussen, 2020). The family is
composed of six subfamilies including the Mycetophilinae
considered herein, which itself is divided into two tribes:
Mycetophilini and Exechiini (Sgli, 2017; Burdikova et al.,
2019). The second is less diversified but still contains about
700 species in 20 genera, among which the most speciose
taxa are Exechia Winnertz, 1863; Exechiopsis Tuomikoski,
1966; Brevicornu Marshall, 1896; and Allodia Winnertz,
1863 (Rindal et al., 2007; Burdikov4 et al., 2019; Magnussen,
2020). Exechiini is distributed worldwide, with its greatest
diversity in the Holarctic region (Matile, 1989; Kj®randsen
et al., 2007; Rindal et al., 2007; Oliveira and Amorim, 2014).

Exechiini is estimated to have originated during the Pale-
ogene, 23—66 million years (Myr) ago, with a subsequent
rapid diversification during the Neogene (2.58-23 Ma) (Bur-
dikova et al., 2019; Camier and Nel, 2020). Fossil Exechi-
ini is mostly found in 34-38-million-year-old Eocene Baltic
amber, from which forty species have been described in
seven genera, including Allodia (Meunier, 1904, 1916, 1917,
1923; Burdikova et al., 2019). The discovery of a 16-23-
million-year-old species of Allodia, described herein from
early Miocene Ethiopian amber, is thus significant for evo-
lutionary studies of the genus, and more generally those of
the Afrotropical mycetophilid diversity which is poorly stud-
ied and surely underestimated (Kurina, 2012; Magnussen et
al., 2018).

2 Material and methods
2.1 Amber deposit and age

The specimen studied herein is preserved in a piece of am-
ber originating from Ethiopia. It was purchased from a gem
trader in Addis Ababa and later accessed by paleoentomolo-
gists at the University of Gdafisk. As is often the case with
Ethiopian amber gathered by traders, the precise locality re-
mains unknown as the material is collected from at least four
localities and can be mixed up in bags of raw pieces avail-
able for sale. However, all localities are situated in the North
Shewa Zone (NSZ) and South Wollo Zone (SWZ) of the
Amhara Region, on the slopes of the major rivers and their
tributaries (Schmidt et al., 2010; Coty et al., 2016; Bouju and
Perrichot, 2020; Bouju et al., 2021, fig. 2 for a map with lo-
calities): a first outcrop was reported by Schmidt et al. (2010)
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from the northwestern part of the NSZ, in a gorge of the river
Wenchit, near the town of Alem Ketema; Coty et al. (2016)
obtained some amber from another outcrop located near the
hamlet of Jema, along the river Jamma; a third outcrop, fur-
ther east, was accessed by two of us (Vincent Perrichot and
Valentine Bouju) in 2019, in a locality named Woll down
the gorge of an affluent of the river Jamma; and a fourth
one, the westernmost, was reported to us by a trader near
the town of Fiche, again in an affluent of the Jamma river
(Binyam Teferi, personal communication, 2019). The mate-
rial accessed by the University of Gdansk, although without
a precise locality, comes from southeast of the SWZ, near the
town of Weldiya (Marcin Buzalski, personal communication,
2013). Data from local collectors and from analyses of the
amber-bearing matrix indicate that in all these localities, the
amber apparently originates from the same geological layer
and can be considered coeval.

The areas of the NSZ and SWZ mentioned above are
mostly covered by Miocene to Quaternary layers, the stream
gorges cutting through Cretaceous to Miocene deposits (Be-
lay et al., 2009). The lower layer, more or less covered by the
streams, corresponds to Upper Cretaceous sandstones from
the geological formation named Debre Libanos Sandstone or
Upper Sandstone (Belay et al., 2009). Ethiopian amber was
first suggested to originate from this Cretaceous layer, mostly
because of erroneous palynomorph determinations (Schmidt
et al., 2010; Perrichot et al., 2016, 2018). However, further
studies of the palynomorphs from the original and additional
material enabled a new estimation of the amber age, now
considered to be early Miocene (16-23 Myr old; Perrichot
et al., 2018; Bouju and Perrichot, 2020). This new dating
is congruent with the field observations made by two of us
(Vincent Perrichot and Valentine Bouju) in the Woll local-
ity, where the amber layer is found down the slopes between
under- and overlying basaltic layers deposited during pre-
Oligocene to Miocene volcanic episodes (Hofmann et al.,
1997; Coulié et al., 2003; Kieffer et al., 2004; Belay et al.,
2009). Unfortunately, no radiometric age could be obtained
from these basaltic layers observed in Woll.

Chemical analyses of the resin revealed a Class 1c am-
ber typical of angiosperms in the family Fabaceae. Some
leaves and flower remains related to Hymenaea were also
found in inclusions, suggesting this genus as the resin pro-
ducer (Bouju and Perrichot, 2020).

2.2 Preparation and study of the fossil

The specimen was found preserved in a piece of yellow-
orange amber with 10 other inclusions (Diptera, Hy-
menoptera, Hemiptera, and flowering plant remains), all
rather nicely preserved, without noticeable distortion. The
amber piece was cut into two fragments for an optimal
view of all inclusions. The fragment with the fungus gnat,
also containing three myrmicine ants (Hymenoptera: Formi-
cidae), three gall midges (Diptera: Cecidomyiidae), and
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stamen anthers and a leaf fragment of fabalean affini-
ties (Hymenaea sp.), was assigned the collection number
MAIG 6017 and is permanently deposited in the Museum of
Amber Inclusions, University of Gdansk, Poland. The pres-
ence of those syninclusions and their proximity to the fungus
gnat prevented any further division of the amber that might
have damaged them. For similar reasons, most sides of the
piece could not be processed further, and only two surfaces
were polished around the fungus gnat, allowing its visual-
ization mostly in left profile and dorsal views. Photographs
were taken using a Leica M205 C stereomicroscope equipped
with a Leica DMC4500 digital camera. All images are digi-
tally stacked photomicrographic composites of several indi-
vidual focal planes, obtained using Helicon Focus 6.7 soft-
ware packages. Figures were composed with Adobe Illustra-
tor and Photoshop CC 2019 software. We follow the morpho-
logical terminology and the classification for Mycetophilidae
presented in Sgli (1997, 2017).

2.3 Nomenclatural acts

This published work and the nomenclatural act it contains
have been registered in ZooBank (http://www.zoobank.org/,
date of registry: 14 May 2021), with the following LSID (ref-
erence): urn:lsid:zoobank.org:pub:822C2AAS5-6E01-4DDC-
S8FEA-4F8BF225E9DF. The electronic edition of this work
has been archived and is available from the following digi-
tal repositories: Deutsche Nationalbibliothek, US Library of
Congress, Portico, and CLOCKSS.

3 Systematic paleontology
Order Diptera Linnaeus, 1758
Family Mycetophilidae Newman, 1834
Subfamily Mycetophilinae Newman, 1834
Tribe Exechiini Edwards, 1925
Genus Allodia Winnertz, 1863
Allodia Winnertz, 1863, p. 826.

Type species

Moycetophila ornaticollis Meigen, 1818; by subsequent des-
ignation by Johannsen, 1909, p. 104.

Allodia paleoafricana sp. nov.

LSID (species) urn:lsid:zoobank.org:act:D4BB6391-
7842-4F9F-9420-F083136A255C

(Figs. 1-3)
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Figure 1. Allodia paleoafricana sp. nov., female, holotype MAIG 6017. Habitus in lateral view.

Material

Holotype MAIG 6017, a complete female specimen pre-
served in a piece of clear amber (4.3 x 3.2 x 2.2cm) from
a locality near Weldiya in the South Wollo Zone, Amhara
Region, Ethiopia.

Diagnosis (female)

Scutum with strong anteromarginal setae, lateral prealar and
postalar setae, and dorsocentral setae. Scutellum with two
strong posterior setaec. Antepronotum with three to four
strong setae. Wing with stem of M-fork slightly shorter than
r—m, base of M4—CuA fork nearly aligned with base of r—
m, CuP fading only shortly before M4—CuA fork. Metacoxa
with one posterobasal and one posterodistal bristle.

Description

Head. Longer than broad, 0.54 mm long and 0.32 mm wide.
Eyes widely separated, subcircular, about half as long as
head, maximal diameter 0.27 mm (Fig. 2a). Three ocelli
present, median ocellus larger than laterals, lateral ocelli
touching eye margin. Antennae inserted near head’s mid-
length, 1.25 times as long as thorax (Fig. 1); scape and pedi-
cel subequal in size, 0.07 mm long, with gradual basal con-
striction, with few apical setae; flagellum progressively nar-
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rowed towards tip, 0.97 mm long, with 14 cylindrical articles
clothed with fine trichia; first flagellomere longest, 1.6 times
as long as scape, following flagellomeres all longer than
wide, approximately as long as scape. Head covered with fine
trichia, except for row of about five short setae near eye mar-
gin, above lateral ocellus (Fig. 2a).

Thorax. Antepronotum with three to four strong setae,
other lateral sclerites bare (Fig. 2a). Mesonotum 0.90 mm
long, 0.62mm wide; scutum coated with thin, small, de-
cumbent setae; additionally, with rows of long, erect setae:
one anteromarginal, one to two laterals (prealar and postalar,
more numerous around wing base), and two dorsocentrals
(Fig. 2a—c); scutellum with two very long, posterior setae;
several of these strong, dark thoracic setae detached from the
specimen and floating around in amber matrix, although their
points of insertion clearly visible, forming small, shallow pits
on integument; setal apex apparently simply pointy.

Legs. All legs slender, pubescent; the tibiae covered by
regular rows of trichia. Metacoxa with one anterodorsal
bristle and one posterodorsal bristle (Fig. 2a). Profemur
0.90 mm long, 0.11 mm wide, thinner than others; metafe-
mur 1.37mm long, 0.20mm wide; mesofemur 1.17 mm
long, 0.12 mm wide. Protibia 1.09 mm long, 0.09 mm wide;
mesotibia 1.15 mm long, 0.09 mm wide, with three to four
anterodorsal bristles and one posterodorsal bristle; metatibia
1.56 mm long, 0.15 mm wide, with 13—14 dorsal bristles; tib-
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Figure 2. Allodia paleoafricana sp. nov., female, holotype MAIG 6017. (a) Details of head and thorax in lateral view, with indication of
mesonotal setae. (b) Thorax in dorsal view, highlighting the lateral and posterior mesonotal setae. (¢) Mesonotum in dorsal view, highlighting
the rows of dorsocentral setae. (d) Abdomen in profile view. Abbreviations: am s, anteromarginal setae; crc, cerci; dc s, dorsocentral setae;
postal s, postalar setae; psctl s, posterior scutellar setae; preal s, prealar setae.

ial spur formula 1-2-2, longest metatibial spur about one-
third of tibial length; tarsi slender, length of protarsomeres
(in mm): TT 1.25, TII 0.75, TII 0.52, TIV 0.30, TV 0.26.
Wings (Fig. 3). Wings 2.66 mm long, ca. 1.00 mm wide,
with microtrichia arranged on membrane. Sc short, approxi-
mating but not ending in R; R1 reaching C on the apical wing
quarter; R2+4-3 absent; C reaching apex of R4+5, both veins
reaching margin before wing apex; r—m slightly longer than
stem of M-fork (M1-M2); M-fork situated distally of M4—
CuA fork. CuP short, fading before reaching wing margin,
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ending around level of M4—CuA fork. A1 weak, less distinct
than other veins, thus ending unsure.

Abdomen. About as long as wings, narrowly joined to tho-
rax, densely pubescent, with six distinct segments. Termi-
nalia mostly invisible in profile view, partly concealed by
left metatibia and pubescence; only a small, apically rounded
part of cerci visible (Fig. 2d).
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Figure 3. Wing of Allodia paleoafricana sp. nov., female, holotype MAIG 6017. (a) Photograph of left wing. (b) Drawing with indication

of venation.

Etymology

The specific epithet combines palaiés (Greek, meaning “an-
cient”) with Africa, in reference to the origin of the amber
piece. The specific epithet is to be treated as an adjective in a
genitive case.

4 Discussion

4.1 Systematic placement

Based on the key to Afrotropical Mycetophilidae proposed
by Sgli (2017), the placement of the new fossil within Myce-
tophilinae is supported by the lateral ocellus touching the
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eye margin and the absence of vein R2+3. The placement
in Exechiini is supported by the anepisternum bare, although
Tuomikoski (1966) and Rindal and S¢li (2006) have warned
about the unreliability of the character presence/absence of
anepisternal setae after noticing its many variabilities in both
tribes. The presence of a single strong bristle basally on the
specimen’s hind coxa may also indicate an Exechiini, yet, as
weaker bristles have also been found in some Mycetophilini,
this character is also insufficient to confidently assign the
specimen (Tuomikoski, 1966). However, our studied speci-
men has a rounded lower part of the katepisternum covering
the base of the mesocoxa (Fig. 2a), and no sagittal line is vis-
ible on its head, two characters considered reliable for place-
ment in Exechiini (Tuomikoski, 1966). Within this tribe, the
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wing with the vein CuP not extending beyond the posterior
fork (M4+4-CuA), which itself branches before the level of the
point of furcation of the anterior fork (M14+M2), excludes
the genera Exechia; Pseudexechia Tuomikoski, 1966; and
Rymosia Winnertz, 1863. Finally, the fossil specimen can be
placed in the genus Allodia for its scutum with strong, erect
setae arranged in rows (Sgli, 2017). This would also warrant
a placement in the subgenus Brachycampta Winnertz, 1863,
according to Sgli (2017). This placement would also be indi-
cated by the base of the M4—CuA fork located before the base
of r-m (Fig. 3). However, the fossil has the wing with the
stem of the anterior fork slightly shorter than r—m, a charac-
ter of Allodia stricto sensu (str. s.) rather than Brachycampta
according to Tuomikoski (1966) or Zaitzev (2003). Both sub-
genera are otherwise distinguished by abdominal color mark-
ings, a character unreliable on the Ethiopian fossil. Further-
more, according to Magnussen (2020), all these characters
traditionally used to separate Allodia and Brachycampta have
ambiguities. Instead, a further character seems more reliable:
the bristles on the scutum and scutellum have an apical split
in Allodia, while in Brachycampta, these bristles are simple
(Magnussen, 2020, figs. 6B, C). These bristles are apparently
simple on the fossil, suggesting Brachycampta, but preserva-
tion in amber prevents a clear view at higher magnification.
Therefore, we prefer to leave the fossil unassigned to a sub-
genus until a definitive assessment of this tiny feature can be
made.

4.2 Exechiini and Allodia in the fossil record

Representatives of Mycetophilidae are rather abundant in
the fossil record, with numerous specimens described from
Cretaceous or Cenozoic deposits (e.g., Matile, 1989, 1992;
Blagoderov and Martinez-Delclos, 2001; Blagoderov and
Grimaldi, 2004; Oliveira and Amorim, 2014). Exechiini is
estimated to date back to the Paleogene, with the oldest
species described from the Eocene (ca. 53 Myr old) French
amber by Camier and Nel (2020) and diverse species fos-
silized in resins such as the 34-38 Myr old Baltic amber
(Burdikova et al., 2019). Based on the fossil record of
the family and the abundant Cretaceous Mycetophilini, the
crown Exechiini may be considered younger, with a hypo-
thetical fast diversification during the Neogene (Rindal et
al., 2007; Burdikova et al., 2019). However, to date, there
is no clear time-calibrated phylogeny proposed for the fam-
ily, challenging our comprehension of its diversification. Al-
lodia fossils have previously been described only from the
Palearctic region, with seven species from the Eocene Baltic
amber (Meunier, 1904, 1916, 1917, 1923), one species from
the Oligocene of France, and two species from the Miocene
of Croatia and Germany (Heer, 1849, 1856; Théobald, 1937).
The Miocene Ethiopian species of Allodia enriches the pre-
existing data but also represents the first fossil species of the
genus in Africa, thus bringing a new record of interest for
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further phylogenetic analyses such as a total-evidence dating
approach.

4.3 Comparison with extant Afrotropical Allodia

Only seven African species have been described to date: one
in the subgenus Brachycampta from the Comoros and six in
the subgenus Allodia str. s. from Tanzania, Kenya, and South
Africa (Matile, 1978; Magnussen et al., 2018). One unde-
scribed species in the subgenus Allodia str. s. was also re-
ported from Cameroon (Matile, 1978). The comparison with
the Ethiopian fossil species, based on a female, is very lim-
ited: all these living species are based on males, using the
terminalia and abdominal color markings as the main diag-
nostic characters. However, Allodia paleoafricana sp. nov.
differs from all seven extant species at least by the presence
of dorsocentral setae on the scutum (absent in the six species
attributed to Allodia str. s.) combined with the wing with the
stem of the M-fork slightly shorter than the r—m (a character
of Allodia str. s.).

4.4 Paleoenvironment

The palynomorphs from the amber-bearing bed suggest a
humid, forested environment with freshwater for the depo-
sitional sites of the amber, such as a swamp or a marsh
(Jim Cole, personal communication, 2015; Bouju and Per-
richot, 2020). The presence of Allodia is concordant with
this habitat since living members of the genus are typically
found in moist forests (e.g., Sgli et al., 2000; Kjerandsen
et al., 2007; Magnussen, 2020). More generally, the greatest
abundance of mycetophilids is found near moist places such
as river banks or swamps (e.g., Matile, 1989; Oliveira and
Amorim, 2014; Magnussen, 2020). Their presence in amber
is also quite expectable as they are commonly observed in
association with wood near the forest litter (Jakovlev et al.,
2006; Magnussen, 2020), where tree resin typically flows.
In fact, fungus gnats are commonly recorded in fossil resins
(Matile, 1989, 1992; Blagoderov and Grimaldi, 2004).

5 Conclusion

The distribution and diversity of the genus Allodia, and to
some extent of the tribe Exechiini, are rather well docu-
mented from the Holarctic, Palearctic, and Neotropical re-
gions but remain largely understudied in the Afrotropical re-
gion. The discovery of Allodia in the Miocene Ethiopian am-
ber constitutes the first fossil record of a Mycetophilidae in
African amber. This provides valuable information on the
distribution and evolutionary history of the genus as well
as of Exechiini. The Ethiopian amber might be considered
a significant new source of information regarding the an-
cient distribution of various taxonomic groups with an other-
wise scant record from the Afrotropical region. These fossils
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could also provide important calibration points for investiga-
tion of much insect crown-group diversification.
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