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Abstract The first fossil Athyreini in the subfamily of
Bolbocerat inae from the family of Geotrupidae,
†Amberathyreus beuteli Bai et Zhang gen. et sp. nov., is de-
scribed based on a specimen from the mid-Cretaceous
Myanmar (Burmese) amber from northern Myanmar. Its exter-
nal morphology (including 3D reconstruction of the head and
pronotum) was analyzed and compared with all known genera
of Athyreini. †Amberathyreus’ close relationship between
Athyreini and Bolboceratini is supported. †Amberathyreus was

likely active at night and lived in a lowland environment. The
finding of †Amberathyreus greatly enrich our knowledge of
Athyreini.
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Introduction

Athyreini is a small and less-known tribe of Bolboceratinae
(Coleoptera: Geotrupidae) that comprises four modern genera
(Athyreus, Pseudoathyreus, Parathyreus, and Neoathyreus)
(Howden 1955, 1980, 1996, 1999, 2002; Howden and
Martinez 1963, 1978; Boilly 2012, 2014). Modern revisions
of these genera have been documented by Howden (1985a,
1985b), Howden and Martinez (1978), and Carpaneto et al.
(2000). Unfortunately, attraction to light by Athyreini (e.g.,
Athyreus) seems to be infrequent occurrence in biology, and
the lack of extant material has seriously hindered the study of
Athyreini, even though a few new species were described
recently (Boilly 2012, 2014). As a result, Athyreini has been
absent in most cladistic analyses of Scarabaeoidea or their
related lineages based on molecular or morphological evi-
dence (Browne and Scholtz 1999; Hunt et al. 2007; Ahrens
et al. 2014; McKenna et al. 2015a, 2015b). Hence, the sys-
tematic position of Athyreini is uncertain.

Similar to, but worse than the rarity of extant materials,
there have been no fossil specimens described up to date.
Most lineages of Scarabaeoidea have already appeared in
Mesozoic (Krell 2007; Nikolajev 2007; Bai et al. 2010,
2011, 2012a, 2012b, 2013, 2014, 2016a; Yan et al. 2012,
2013; Boucher et al. 2016). The discovery of a beetle clearly
related to the Athyreini in the mid-Cretaceous Myanmar
(Burmese) amber is of great importance to enhance our
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knowledge for this tribe. We describe herein †Amberathyreus
beuteli Bai et Zhang gen. et sp. nov. as the first fossil belong-
ing to the Athyreini based on modern techniques. A compar-
ison among all extant genera and this extinct new genus of
Athyreini is given.

Material and methods

Material and photography

The specimenwas derived from amber deposits in the Hukawng
Valley of Myanmar (Kania et al. 2015). The mining locality is at
Noije Bum, near Tanai Village (26° 21′ 33.41″N, 96° 43′ 11.88″
E) (Cruickshank and Ko 2003; Grimaldi et al. 2002; Bai et al.
2016b). The deposits have been investigated and dated in detail
by Cruickshank and Ko (2003) and Shi et al. (2012). We tenta-
tively follow the age (98.8 ± 0.6 million years, Cenomanian,
earliest Late Cretaceous) given by U-Pb dating of zircons from
the volcaniclastic matrix of the amber (Shi et al. 2012).

The piece of amber containing the specimens was ground
and polished and examined with a LEICAMZ 12.5 dissecting
microscope with a drawing tube attachment. Photographs
were taken using a Nikon D610 digital camera fitted to
Zeiss Stemi 2000-C stereomicroscope and processed in
Helicon Focus 5.1 software and lastly Adobe Photoshop CS5.

Micro-CT scanning and 3D reconstruction

The amber specimen was scanned with an Micro-XCT 400
(Carl Zeiss X-ray Microscopy, Inc., Pleasanton, USA) at the
Institute of Zoology, Chinese Academy of Sciences. The scan
was done with a beam strength of 60 KV, absorption contrast,
and a spatial resolution of 4.1866 μm. Based on the obtained
image stacks, structures of the specimen were reconstructed
and separated with Amira 5.4 (Visage Imaging, San Diego,
USA). The subsequent volume rendering and animation were
performed with VG Studiomax 2.1 (Volume Graphics,
Heidelberg, Germany). Final figures were prepared with
Photoshop CS5 (Adobe, San Jose, USA) and Illustrator CS5
(Adobe, San Jose, USA). Due to the preservation, only the
front part of the beetle was reconstructed.

Results

Systematic paleontology

Order Coleoptera Linnaeus 1758
Superfamily Scarabaeoidea Latreille 1802
Family Geotrupidae Latreille 1802
Subfamily Bolboceratinae Mulsant 1842
Tribe Athyreini Lynch Arribálzaga 1878

Key to the extinct and extant genera of Athyreini (revised
from Howden and Martinez 1963)

1 Base of elytra distinctly margined; fore coxa visible through a fovea
or sharp indentation in the lateral pro notal margin; hind tarsus
slender, basal segments rather heavily punctate and lacking a
distinct carina; metasternum moderately convex, broadly
rounded…………………………………………...…….………..2

- Base of elytra not margined or margin incomplete; fore coxa not
visible through a fovea in the lateral pronotal margin (may be
indented in some species which fall here); hind tarsi moderately
thickened, basal segments usually not punctate on all sides, at least
first tarsal segment with one or more distinct carinae; metasternum
flat to slightly convex, bluntly or acutely pointed at
apex…………………………...................................................…..3

2 Elytral striae distinct or indicated by single rows of punctures, fore
coxal cavities lacking spines at outer, posterior margin; fore tibia
irregularly, sometimes sparsely punctate on inner
surface.………..……..Pseudoathyreus Howden et Martinez, 1963

- Elytral striae obsolete or indicated by double rows of punctures; fore
coxal cavities with a distinct spine at outer, posterior margin; fore
tibia largely smooth on inner surface
…………………………..Parathyreus Howden et Martinez, 1963

3 Fore coxal cavity lacking a spine on the outer posterior margin; elytra
with at least five intervals distinctly
indicated………………..……………………………….………4

- Fore coxal cavity with a distinct spine on the outer posterior margin;
elytra with no more than three intervals indicated………...............
Neoathyreus Howden et Martinez, 1963

4 Right mandible with two or three lateral lobes, anterior pronotal
margin with a fovea usually present on each side behind the head,
antennomeres 2–8 not broad, antennal club spherical or cylindrical
and never in layered lamellate, relatively large
(>15 mm).…………………………………….....….……Athyreus
MacLeay 1819

- Right mandible with one distinct lateral lobe, anterior pronotal margin
straight without fovea, antennomeres 2–8 apparently broad,
antennal club layered lamellate, relatively small
(<15 mm).......................…†Amberathyreus Bai et Zhang gen. nov.

†Amberathyreus Bai et Zhang gen. nov.

Type species Amberathyreus beuteli Bai et Zhang sp. nov.

Etymology It is directly from amber, itself a derivative of
ambra (L.), and near genus Athyreus in morphology. Gender
masculine.

Diagnosis This genus could be classified into Athyreini by a
combination of the following characters: posterior edge of
pronotum moderately to strongly produced forming mesal
lobe; preapical surfaces of metatibia with transverse or oblique
ridges or combs; scutellum very elongate, twice as long as
wide or longer; head and pronotum as long as elytra; middle
coxae very widely separated; pygidium concealed; antenna
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11-segmented, antennal club three-segmented. The key to the
extinct and extant genera of Athyreini, including
Amberathyreus Bai et Zhang gen. nov., is given above.

†Amberathyreus beuteli Bai et Zhang sp. nov. (Figs. 1, 2,
and 3)

Holotype: sex unknown but likely a female (see discussion
for details), a nearly complete specimen (No. BU-002290);
the piece of amber containing the specimen was ground and
polished to a 17.1 × 11.4 × 10.1-mm cube (1.14 g in weight).
The type specimen, currently housed in the Institute of
Zoology, Chinese Academy of Sciences (IZAS), will be even-
tually deposited in the Three Gorges Entomological Museum,
Chongqing, China (specimen available for study by
contacting MB or WWZ).

Etymology This species is named in honor of Dr. R. G.
Beutel, in recognition of his extraordinary contribution to
the research of beetles.

Description Body length: 11.1 mm; width: 4.5 mm. Oval and
compact.

Head: Slightly longer than wide, ovate, broadest at eyes;
labrum partly visible with long setae; clypeus anterior margin
near straight, with a longitudinal carina in the middle connect-
ed anterior and posterior margins; frons with two tubercles
near anterior margin; eyes slightly protuberant, anterior or
mesal edge of eye emarginated; antennae 11-segmented, with
three-segmented lamellate club, club near two times as long as
the total length of antennomeres 2–8, antennomeres 2–8 grad-
ually broadened toward apex, antennal club layered lamellate;
mandible prominent and produced beyond apex of labrum,
significantly wider than clypeus; maxillary palp four-
segmented; right mandible with one distinct lateral lobe.
Pronotum: Shape parabolic, 1.1 times wider than long, signif-
icantly wider than head, widest in the middle, sides of protho-
rax round; anterior margin of pronotum straight in the middle,
posterior margin of pronotum moderately to strongly pro-
duced forming mesal lobe. Scutellum: Well developed, trian-
gular, very elongate, 2.0 times longer than wide. Elytron:
Shape parabolic, base of elytra not margined; elytron 2.2 times
as long as wide medially, with seven suture-like striae and
straiae near base and apex not clear. Legs: Procoxa not visible
through a fovea in the lateral pronotal margin, procoxal cavity
lacking a spine on the outer posterior margin; protibia dilated
apically, with 6 teeth on outer margin, with a long carinas on
dorsal and ventral surface, carina with long and erected spines;

Fig. 1 †Amberathyreus beuteli Bai et Zhang gen. et sp. nov., Holotype
(No. BU-002290). a Habitus photograph, in dorsal view; b meso- and
metatibia; c antennae; d head in dorsal view, two blue arrows indicate two
tubercles near anterior margin of frons, two red arrows indicate the start
and end of the longitudinal carina in the middle of clypeus; e complete
view of the amber cube with a ruler shown the scale. an antennae, cl
clypeus, fr frons, la labrum, md mandible, me mesotibia, mt metatibia,
mx maxillary. Scale bar 1 mm

Fig. 2 †Amberathyreus beuteli Bai et Zhang gen. et sp. nov., Holotype
(No. BU-002290). a Habitus photograph, in lateral view; b protibia in
lateral view, with long and erected spines on dorsal and ventral surface; c
protibia in ventral view; d scutellum. Scale bar 1 mm
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mesocoxal cavities, ellipse, at middle widely separated, not or
slightly oblique; meso- and metatibia slender, preapical sur-
faces of meso- and metatibia with transverse ridges and with
long and erected spines; two spurs on the apex of meso- and
metatibia, differing distinctly in length. Abdomen: six-seg-
mented, pygidium concealed.

Discussion

In Athyreus, well-developed males often have a well-developed
clypeal horn and one or more pronotal horns (Howden and
Martinez 1963, 1978). On the other hand, the Athyreus females
normally have a transverse clypeal carina and a second trans-
verse carina posteriorly at the clypeal-frontal junction. This pos-
terior carina is normally trituberculate. In addition, female
pronota normally without horns and may have several conspic-
uous carinae and low central tubercles (Howden 1955, 1980,
2002; Howden and Martinez 1978; Boilly 2012, 2014). There

is no typicalAthyreusmale horn on the clypeus and pronotum of
the holotype (No. BU-002290) of †Amberathyreus beuteli gen.
et sp. nov. in this study. Due to lack of preserved terminalia in
this amber holotype, we deduce that the holotype would be a
female if there is similar sexual dimorphism in †Amberathyreus
beuteli gen. et sp. nov. Typically, the taxonomic classification of
Athyreus,most other genera of Athyreini, and even other horned
beetles (e.g., Scarabaeinae, Lucanidae) (Arrow 1951; Howden
and Martinez 1963, 1978) is based on the morphology of the
head and pronotum. Furthermore, the female horn type of
†Amberathyreus beuteli is different from that of Athyreus.
There is no transverse carina on clypeus and only one longitu-
dinal clypeal carina in the †Amberathyreus beuteli. Additionally,
there are two tubercles (not three) near anterior margin of frons
in †Amberathyreus beuteli. On pronotum, conspicuous carina
and tubercle are lacking in †Amberathyreus beuteli, while there
is just one shallow longitudinal concave near basal margin.

An important synapomorphy of all scarabaeoid beetles is the
distinctive lamellate antenna consisting of several leaf-like ter-
minal segments (Browne and Scholtz 1999) which are the loca-
tion of olfactory sensilla (Meinecke 1975; Leal 1998) required
for the detection of feeding sources as well as mate finding and
species recognition (Reinecke et al. 2006). There are two major
trends of antennal club which are modification of the common
funicular (spherical or cylindrical) antennomeres into lamellate
(layered) antennomeres and the increased number of lamellate
antennomeres. The antennal club of †Amberathyreus beuteli is
three-segmented which is the ancestral type of Scarabaeoidea
(Ahrens and Vogler 2008), while the morphology of antennal
club of †Amberathyreus beuteli is very rare in Athyreini, even in
Geotrupidae (e.g., antennomeres 2–8 gradually broadened to-
ward apex). The funicular-type antennal club is very common
in Athyreini and Geotrupidae, but the antennal club of
†Amberathyreus beuteli is the lamellate (layered) antennomeres
which is very common in Melolonthinae, particularly the club
antennomeres are very thin and long. It is not justified to classify
†Amberathyreus as a sister to Melolonthinae only based on the
antennal morphology, although Melolonthinae has already ap-
peared in the mid-Cretaceous (Ahrens et al. 2014). It is more
likely the lamellate (layered) antennomeres were evolved inde-
pendently several times.

†Amberathyreus beuteli can be classified into Athyreini
based on all diagnosis characters proposed by Howden and
Martinez (1963) except for one diagnosis character, i.e., the
number of lateral lobes on the right mandible which is the diag-
nosis character between Athyreini and Bolboceratini (Howden
and Martinez 1963). The morphology of right mandible of
†Amberathyreus beuteli apparently fits with Bolboceratini
(Fig. 1d). This may suggest †Amberathyreus has close relation-
ship between Athyreini and Bolboceratini. However, the sister-
group relationship of Athyreini and Bolboceratini could not be
undoubtedly supported by this single character. This hypothesis
needs more materials and study to prove.

Fig. 3 3D reconstructions of †Amberathyreus beuteli Bai et Zhang gen.
et sp. nov., Holotype (No. BU-002290) based on micro-CT data. a The
head and pronotum in dorsal view; b–c lateral view of 3D model; d
ventral view of the head; e lateral view of the head, two red arrows
indicate two tubercles near anterior margin of frons. an antennae, ce
compound eye, cl clypeus, fr frons, hd head, la labrum, mf metafemur,
mt metatibia, pf protibia, pn pronotum, pt protibia
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There are four extant genera from Athyreini. Three of them
are New World genera, i.e., Athyreus Macleay (1819),
Neoathyreus Howden and Martinez (1963) and Parathyreus
Howden and Martinez (1963). Pseudoathyreus Howden and
Martinez (1963) is an Afro-Indian genus. The finding of the
only fossil evidence, †Amberathyreus, corroborates with the
recent paleogeographical Eurogondwana model (Ezcurra and
Agnolín 2012), according to which Gondwanan lineages col-
onized Laurasia via the Apulia microplate and subsequently
became extinct in the Northern Hemisphere.

The reconstruction of the lifestyle of extinct species is greatly
impeded. However, the morphological features of
†Amberathyreus allow several conclusions. Most specimens of
Athyreus have been collected at night. A few have been caught
flying at dusk (crepuscular) but most are apparently nocturnal
(Howden and Martinez 1978). Melolonthinae is a typical noc-
turnal insect group with lamellate club antennomeres, which
affect the spatial organization and number of olfactory sensilla,
for better recognition and detection of feeding sources and other
individuals in the dark (Ahrens and Vogler 2008). The great
modification of †Amberathyreus in lamellate (layered)
antennomeres suggests that theymight have been active at night.
Similar to Athyreus, †Amberathyreus likely occurred mainly in a
variety of habitats varying from relatively undisturbed lowland
rainforest to seasonally wet, semiarid sandy habitats.

We were able to reconstruct only the front part of the beetle
from the amber studied. Even though, not all body parts in the
front could be reconstructed, e.g., some parts of antennal club,
mandible, labrum, and clypeus are very weak and could not be
reconstructed. However, these parts not visible in reconstruc-
tion could be observed very well using traditional microscope.
The phenomenon might be caused by very minute or no dif-
ference between these body parts and the clear part of the
amber when it was scanned in x-ray. We would hypothesize
that the densities of these body part and clear amber are very
close which would be impossible to be reconstructed using
Micro-CT approaches. Actually this amber specimen was
not the first Binvisible one^ using Micro-CT. Based on our
experience, about only one third of Myanmar amber speci-
mens are Bvisible^ using micro-CT (unpublished data). It
may suggest an important phenomenon in the taphonomy of
the amber. The standard comparison and more materials may
help to reveal the root cause and mechanism of this
phenomenon.

Conclusions

The first Athyreini from the Cretaceous Myanmar amber,
†Amberathyreus beuteli Bai et Zhang gen. et sp. nov., is de-
scribed and illustrated based on one well-preserved Myanmar
amber specimen using modern techniques of micro-CT. This
finding provides solid evidence to prove Athyreini was

already appeared in the Mid-Cretaceous. The sister relation-
ship of Athyreini and Bolboceratini is suggested. It is most
likely that the lifestyle of †Amberathyreus is nocturnal in a
lowland environment.
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