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提要

文中首次报道了缅甸琥珀中的长扁甲 Mallecupes qingqingae Jarzembowski, Wang and Zheng, 2017 的阳茎

化石, 并讨论了该器官的古昆虫学和现生昆虫学意义。甲虫在现生生物中的多样性最高, 而它们的生殖器则在甲
虫系统分类中的应用已经超过百年历史。这些小而精美的器官通常很难保存在化石里, 但文中特异保存在中生
代琥珀中的生殖器则为原鞘亚目甲虫的分类学研究提供了新的启示。
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Abstract

The aedeagus is reported from the first cupedine beetle to be described from Burmese amber, Mallecupes

收稿日期: 2019-12-10
* 中国科学院战略性先导科技专项(XDB26000000, XDA19050101)、现代古生物学和地层学国家重点实验室基金项目(183101)、
Leverhulme Emeritus Fellowship [EAJ]“Leverhulme 基金”项目和国家自然科学基金项目(41622201, 41688103)联合资助。
** 通讯作者: JARZEMBOWSKI Edmund A, 教授, 主要从事古昆虫学研究。

120

古

生

物

学

报

59 卷

qingqingae Jarzembowski, Wang and Zheng, 2017; its palaeo- and neoentomological significance is discussed. Beetles
are the most diverse group of living organisms and the male genitalia have proved important in their detailed classification for over one hundred years. These small, delicate structures are not normally available to palaeontologists but
are now being found exceptionally preserved in Mesozoic amber providing greater insight than was previously possible.
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INTRODUCTION

Life on Earth is populated by insects and with
upwards of 300 000 described species, beetles
(Coleoptera Linnaeus, 1758) are easily the largest
order in the animal kingdom: nearly one in four extant species is a beetle, exceeding flowering plants
(Wang et al., 2013). The Cupedina Ponomarenko,
1973, however, is the smallest beetle “suborder”,
totalling only about 100 living species, and now
commonly split further into two, smaller suborders
Archostemata Kolbe, 1908 and Myxophaga Crowson,
1955. Ever since Darwin (1859), the incompleteness
of the fossil record has been proverbial in the natural
sciences. Nevertheless, several hundred species of
fossil cupedinans have been described from the Permian onwards, and archostematan archaic beetles are
a notable element of Mesozoic insect faunas, even
occurring in regions from where they have now vanished, such as northwest Europe (Kirejtshuk and
Ponomarenko, 2015). Such finds are often preserved
as adpressions (rock fossils) in non-marine sediments
and much of our palaeosystematics is based on form
or organ taxonomy [preserved morphology, often of
single organs, like beetle wings (especially forewings
or elytra); Jarzembowski et al., 2015]. Sedimentary
lagerstätten notwithstanding (such as the Lower Cretaceous Chinese Jehol biota), inclusions in fossil
resin have provided a special window on the past,
and archaic beetles are now turning up in
mid-Cretaceous amber (jewellery) from Myanmar,
also known as Burma (Xia et al., 2015). For a long
time, their availability was restricted to younger
(Paleogene and Neogene) fossil resin, despite specimen preservation being almost on par with that in
neoentomology; it is now, however, possible to study
beetles embedded before the K/T boundary, back to
the Cretaceous terrestrial revolution, a key event

previously only hinted at by the rock fossil record
(Jarzembowski, 1989). Archaic beetles are nevertheless scarce in Burmese amber compared with early
Cretaceous deposits, such as in the English Weald
and northeast China: this is a little surprising considering the modern association of these beetles with
wood, but there may have been a size filter involved
or even competition with new terrestrial fauna
(Jarzembowski and Wang, 2016).
The fossil beetle discussed below, Mallecupes
qingqingae Jarzembowski, Wang and Zheng, 2017, is
an uncommon species, and this is also true of its recent relatives (see below) which are subject to anthropogenic habitat loss (deforestation). Mallecupes
of Kachin is a cupedid (reticulated archaic beetle)
and was the first as such to be described from Burmese amber (Jarzembowski et al., 2017a). The reticulated beetles are so called because of their clathrate
elytra (wing cases typically showing a lattice pattern)
and are the dominant archostematans at the present
day, with the true reticulated beetles (cupedines or
cupedids sensu stricto) being sometimes divided into
priacmins and cupedins (Lawrence and Ślipiński,
2013). These family group divisions have been disputed since the last century, essentially due to a difference of phylogenetic perception rooted in phylistic
versus cladistic methodology; we cautiously follow
the broader classification adopted recently by
Kirejtshuk et al. (2016) because it encompasses various fossil cupedids from Asia in addition to relict
recent species (“living fossil”).
Over a century ago, in their ground-breaking
monograph, Sharp and Muir (1912) demonstrated that
the male genitalia of beetles not only provided a valuable taxonomic tool at the species level, but also
helped distinguish cupedids at a higher (family group)
level. The male genitalia of recent beetles require
careful laboratory dissection for study, but are some-
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times naturally everted in fossil beetles, displaying the
aedeagus, and these small, delicate structures can be
exceptionally preserved in amber. Such inclusions are
thus valuable in combining organ taxonomy with
gross morphology in creating a natural classification for
fossils, especially in the absence of molecular data, as is
still the case in certain key cupedid genera. Here we
report the newly discovered male aedeagus of
mid-Cretaceous Mallecupes, which shows affinity with
one such rare recent genus, Paracupes Kolbe, 1898.
2

GEOLOGICAL SETTING

Burmese amber (amber from northern Myanmar,
burmite; Noetling, 1893) contains the most diverse
biota in fossil resin known from the Cretaceous; it
has been traded with neighbouring China for nearly
two millennia, but no scientific research on the insect
inclusions was undertaken there until comparatively
recently (Wang et al., 2015). All the major divisions
of extant insects (orders) are represented, beetles
being one of the most diverse, but many of the species still remain to be described. Amber has been
found in several districts of Myanmar, but the recent
supply has been from Myitkyina District, Kachin
State, in the Hukawng valley of northern Myanmar;
the major mining area was near Noije Bum Village in
Tanaing or Tanai (Danai) Township [Kania et al.,
2015, fig. 1(map); Jarzembowski et al., 2017b, fig.
S1 (view)]. The fossil resin has been dated
stratigraphically and radiometrically from late Albian
to early Cenomanian in the present century (e.g.,
Cruickshank and Ko, 2003; Smith and Ross, 2018).
U-Pb dating of zircons from the volcanoclastic matrix gave a maximum age of 98.8 ± 0.6 Ma (Shi et al.,
2012), but the date range may be up to five million
years; we therefore consider the age as circa 100 Ma
or mid-Cretaceous. The Kachin amber is prepared for
the international jewellery trade, especially in China,
which means that larger inclusions about a centimetre
in size, such as described herein, may be partly removed by preparatory polishing for display purposes.
3

MATERIAL AND METHOD
The specimen is in a clear amber cabochon, pale
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yellow in colour, with some other smaller inclusions.
The antennal extremities have, however, been polished off by the jeweller. The specimen was examined under an Olympus SZX7 binocular microscope
and Zeiss Stereo Discovery V16 microscope system
with fibreoptics and top and bottom illumination.
Photographs were taken with a Zeiss Axiocam 512
digital camera mounted on the microscope and operated with Zen 2.3 pro software.
An interpretative drawing was prepared from
both photographs and specimen by hand (EAJ).
Drawing conventions are: solid line, distinct margin;
dashed, indistinct or damaged; dotted, extrapolated.
For morphology, we follow terminology used by
Jarzembowski et al. (2017b). The abbreviations used
are NIGP, Nanjing Institute of Geology and Palaeontology, Chinese Academy of Sciences (CAS).
4

SYSTEMATIC PALAEONTOLOGY

Class Insecta Linnaeus, 1758
Order Coleoptera Linnaeus, 1758
Suborder Archostemata Kolbe, 1908
Family Cupedidae Laporte, 1836 s.l.
Subfamily Cupedinae Laporte, 1836 s.l.
Genus Mallecupes Jarzembowski, Wang and
Zheng, 2017
Remarks The short differential diagnosis of
the recent Neotropical genus Paracupes given recently
by Rodriguez-Mirón and López-Pérez (2019) could
describe fossil oriental Mallecupes. It is based on head
and elytra and the authors only provide photographs
of the dorsal view (loc. cit.: fig. 1); Mallecupes may,
however, be readily distinguished by its protruding
eyes (e.g., Xia et al., 2015, p. 104, unnumbered fig.
top right); also, the type species, Mallecupes
qingqingae Jarzembowski, Wang and Zheng, 2017, is
a smaller beetle with distinct pronotal angles compared with Paracupes mexicanus Rodriguez-Mirón
and López-Pérez, 2019, plus the gula is more elongate
(from the dimensions given by Rodriguez-Mirón and
López-Pérez, 2019, tab. 1).
Mallecupes qingqingae Jarzembowski, Wang and
Zheng, 2017
(Figs. 1, 2)
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Fig. 1 Mallecupes qingqingae Jarzembowski, Wang and Zheng, 2017, male, mid-Cretaceous amber, NIGP171313; habitus in a, dorsal and b, ventral views.

Fig. 2 Mallecupes qingqingae Jarzembowski, Wang and Zheng, 2017, NIGP171313; aedeagus in a, dorsal and b, ventral views (hindwing tip on left in latter).

Material Adult specimen, registration number
NIGP171313, deposited in Nanjing Institute of Geology and Palaeontology, Chinese Academy of Sciences; male.
Description The gross morphology of M.
qingqingae (excluding genitalia) is described in
Jarzembowski et al. (2017a) so is not repeated here.

Another well preserved, but unsexed, specimen has
since been figured by Chen (2019: p. 53). This shows
ten rows of irregular (maculated) window cells on
the partially spread elytra, which are also cited as
diagnostic of Paracupes by Rodriguez-Mirón and
López-Pérez (2019).
The male genitalia of M. qingqingae are seen
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for the first time, partially exposed, in the specimen
described herein. The specimen is complete, body
length (tip of mandibles to elytral apices) 8.3 mm,
except that the distal part of the flagellum has been
polished away in both antennae; nearby are a coprolite and gleicheniaceous fern hairs characteristic of
this amber (Figs. 1-b, 2-b).
The distal part of the robust aedeagus, 0.7 mm of
over a 1 mm complete length, is clearly displayed. The
parameres (lateral lobes) are heavily built with crooked
(incurved) apices splayed out 0.3 mm apart. The small
but strongly sclerotised apical (subapical) hooks on the
parameres are tapered distally and strongly downcurved (up-curved in schematic entomological illustrations) so that they are nearly straight. There are no
ventro-marginal spines (possibly fused) protruding
from the parameres. The penis (median lobe) is short
(not reaching hooks) and curved distally, its lateral
margins with a short, hirsute flap on either side.
Sternite IX appears pointed and the apical margins of the adjacent elytra are setose.
Comparison The aedeagus is only known in
one other Burmese cupedine, Barbaticupes combertiae Jarzembowski, Wang and Zheng, 2017c, which
clearly differs in that the parameres are rounded distally and the apical (subapical) hooks are curved inwards; there is also a bifurcate process present (Jarzembowski et al., 2017c, fig. 1E).
Amongst recent cupedines, the aedeagus of M.
qingqingae shows some resemblance to that of Australian Distocupes varians (Lea, 1902) which also has
a flapped (but spicular) penis and “upturned” hooks,
differing notably in possessing a pair of projections
(ventro-marginal spines) on the parameres (Neboiss,
1984, fig. 34). The aedeagus is only known in one species of Paracupes, South American Paracupes brasiliensis Kolbe, 1898, which lacks ventro-marginal spines
like the Burmese cupedines, but appears to have a
longer penis and blunter hooks than M. qingqingae
(Vulcano and Pereira, 1975, figs. 28, 33 and 34).
Remarks Recent (crown) priacmins are often
considered a natural (orthotaxonomic) group in
cladistic systematics (e.g., Rodriguez-Mirón and
López-Pérez, 2019) but, nevertheless, possess two distinctive forms of genitalia, referred to as the Priacma-
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and Cupes-types by Kirejtshuk et al. (2016). Lacking
volsellar plates, the Burmese cupedines, like Paracupes,
belong to the latter type with a less complicated trilobed
morphology, which is found more generally in the
cupedines (including a penis and paired parameres as
above; Lawrence and Ślipiński, 2013, p. 61).
The aedeagi of recent cupedins (the Cupes generic complex of phylistic systematics) possess ventromarginal spines unlike priacmins (Hörnschemeyer,
2009), projections which Kirejtshuk et al. (2016) considered could be more widespread in beetles. Such
projections are, however, absent in Paracupes and the
Burmese cupedines. Other potentially useful features
are, unfortunately, questionable in Paracupes at present (Hörnschemeyer, 2009) because Neboiss (1984,
1989) did not refigure the male genitalia of this genus
in his otherwise comprehensive revision of the
cupedines. Nevertheless, although continents apart,
Mallecupes clearly shows similarities to Paracupes in
both internal and external morphology as discussed
above, with subtle generic and specific differences,
recognisable in fossils and insects alike.
In cupedids generally, cupedine aedeagi are
considered relatively plesiomorphic to those of
ommatines (Kirejtshuk et al., 2016) and this is supported by the morphology of the only ommatine
aedeagus so far found in Burmese amber
(Jarzembowski et al., 2017b). Fascinated by male
peacocks, Darwin (Section 1) also introduced the
idea of sexual selection which has subsequently been
expanded to explain the functional diversity of male
genitalia, even the presence of surprisingly barbaric
spines as in the beetles above (Okuzaki et al., 2012).
As Confucius remarked 2.5 ka ago, “everything has its
beauty, but not everyone sees it”. The Victorians were
indeed prudish about sexual organs and the fossil record in Cretaceous amber is now contributing to evolutionary studies in a way not quite anticipated by Darwin on the 160th anniversary of his seminal work.
Locality and horizon Old mine near Noije Bum
Village, Tanaing Township, Myitkyina District, Kachin
State, Myanmar, 26°15'N, 96°33'E; unnamed horizon,
mid Cretaceous, late Albian or early Cenomanian.
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