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A new species of Meropeidae (earwigfly) is described and figured based on an exceptionally well-
preserved individual in mid-Cretaceous amber from Myanmar. Burmomerope clara Zhao and Wang, sp.
nov. is distinguished from the type species B. eureka Grimaldi and Engel, 2013 by presence of broader
wings with six longitudinal veins in radial sector and seven in medial field, CuA with two terminal
branches, and long setae on the anterior margin of the wing. A detailed comparison of the forewings

venation in all fossil and extant species is given. The new find is the third fossil species of Meropeidae
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and also the first fossil female to be described. The female genital structure of B. clara sp. nov. is
remarkably similar to that of extant species, revealing 100 million years of morphological conservatism,
and thus highlighting the antiquity of the group.

© 2016 Elsevier Ltd. All rights reserved.

1. Introduction

The Meropeidae is one of the smallest families of Mecoptera,
comprising only three living species: Austromerope poultoni
Killington, 1933 from the vicinity of Perth, Western Australia
(Killington, 1933; Abbott et al., 2007), Merope tuber Newman, 1838
from Maine and Ontario, south to Florida and Alabama, and west to
Minnesota, Kansas and Oklahoma (Newman, 1838; Byers, 1973;
Dunford et al., 2007) and Austromerope brasiliensis Machado,
Kawada et Rafael, 2013 from Atlantic forest in the state of Esperito
Santo, southeastern Brazil (Machado et al., 2013). The biology of
Meropeidae remains poorly known (Schiefer, 2015). The adults
commonly live under logs and rocks in the vicinity of streams or
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springs in forests (Byers, 1973; Maier, 1984; Johnson, 1995; Schiefer,
2015), and probably can stridulate (Sanborne, 1982). The immature
stages are still unknown (Machado et al., 2013). The family Mer-
opeidae was thought to be a sister group to all other families of
mecopterans (Penny, 1975).

The fossil record of the family is extremely sparse, with only two
included species: Boreomerope antiqua Novokshonov, 1995 from
the Middle Jurassic of Siberia known only from one wing reprint
(Novokshonov, 1995) and Burmomerope eureka Grimaldi and Engel,
2013 from mid-Cretaceous Burmese amber known from the whole
body (Grimaldi and Engel, 2013). In this paper, we describe a new
species, Burmomerope clara sp. nov., based on a female individual
from mid-Cretaceous Burmese amber.

2. Material and methods

The single female is preserved in a small, oblong-ovoid piece of
light yellow-orange amber which is from an amber mine located
near Noije Bum Village, Tanaing Town, Myanmar (Kania et al.,
2015). The piece is 33.2 mm long and 22.1 mm at its maximum
width, and the insect is well preserved, with wings and legs almost
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complete, left foreleg damaged, and head and thorax strongly
deformed. The age given by U—Pb dating of zircons from the vol-
canoclastic matrix of the amber is early Cenomanian (98.8 + 0.6
million years) (Shi et al., 2012), but the geologic age of Burmese
amber should be slightly older than the zircon date (Ross, 2015).
In order to reduce the deformation caused by the differential
refractivity, we sandwiched the specimen between two coverslips
and filled the space with glycerol. Photographs were taken using a
Zeiss Stereo Discovery V16 microscope system and a confocal laser
scanning microscope (CLSM), the photomicrograph being taken
using a CLSM Zeiss LSM710 with x10 objectives and a laser at
488 nm. In most instances, incident and transmitted light were
used simultaneously. All images are digitally stacked photomicro-
graphic composites of approximately 20 individual focal planes
obtained using the free software Combine ZP for a better illustra-
tion of the 3D structures. The figures were prepared with Corel-
Draw X3 and Adobe Photoshop CS3. Wings venation used in this
paper follows Willmann (1989). All taxonomic acts established in
the present work have been registered in ZooBank (see below),
together with the electronic publication LSID: urn:lsid:zoo-
bank.org:pub:ECE547A7-EEF5-41E3-9DA4-19754E694C2A.

3. Systematic palaeontology

Order Mecoptera Packard, 1886
Family Meropeidae Handlirsch, 1906

Genus Burmomerope Grimaldi and Engel, 2013

Burmomerope clara Zhao and Wang, sp. nov.
(urn:lsid:zoobank.org:act:AE15A479-3A9A-4E8A-9896-
ASFD5AA9634C)

Figs. 13

Etymology. Specific epithet is from Latin clara, in reference to the
excellent preservation of the wings.

Holotype. NIGP164028; housed in the Nanjing Institute of Geology
and Palaeontology (NIGP), Chinese Academy of Sciences.

Locality and horizon. Noije Bum Village, Tanaing Town, northern
Myanmar; lowermost Cenomanian, mid-Cretaceous.

Diagnosis. Distinguished from Burmomerope eureka by presence of
broader wings with more longitudinal veins in radial sector and
medial field (five and six in B. eureka, six and seven in B. clara), CuA
with two terminal branches, and long setae on the anterior margin
of the wing.

Description. Body length 5.95 mm; thorax length 1.73 mm,
approximately half of abdomen length; abdomen length 3.52 mm.
Head: length 0.7 mm, width 0.55 mm, approximately 0.5 x greatest
width of thorax. Ocelli invisible; compound eye well preserved,
large and round, surface conforming to contour of head capsule.
Rostrum invisible. Antennal length 2.5 mm, antenna thickest in
middle, scape and pedicel invisible; flagellum with 23 flag-
ellomeres, flagellomeres bead shaped, with short, fine hairs, largest
flagellomere length 0.12 mm. Thorax: pronotum cylindrical, with
slight median ridge; longer than head capsule, width approxi-
mately equal to that of head capsule; mesothorax with broad,
apically pointed projections, laterally just over forewing bases;
meso- and metathoraces well separated, detailed features of met-
athoraces invisible. Legs: very slender; hind legs distinctly longer
than fore and mid legs, tibial spur formula 2, 2, 1. Length: profemur
0.89 mm, protibia 0.82 mm, protarsus 1.2 mm; mesofemur
0.94 mm, mesotibia 1.08 mm, mesotarsus 1.25 mm; metafemur
1.43 mm, metatibia 1.89 mm, metatarsus 1.68 mm; basitarsomeres
longer than other tarsomeres, pretarsal claw well developed,
empodium pad-like. Wings: slightly longer than whole length of
body, pterostigma invisible; bases of wings very narrow, apices
broadly rounded; with long setae on the anterior margin. Forewing
length 6.4 mm, width 2.88 mm; hindwing length 6.08 mm, width
2.6 mm; forewing with 27 terminal veins (meeting wing margin),
37 crossveins; Sc 4.48 mm long, with 7 terminal branches; R simple
and straight; Rs branching from R in basal 0.12 of length of R, with 5
deep forks (6 terminal branches), base stronger than other wing
veins; M with 6 deep forks (7 terminal branches); CuA with one
fork (2 terminal branches); CuP without branches/forks; A1 and A2
without branches, A2 subparallel to Al. Hindwing with 21 terminal
veins (meeting wing margin), 27 crossveins; Sc with 5 apical/ter-
minal branches; R simple and straight; Rs with 6 terminal
branches; M with 7 terminal branches; CuA and CuP without
branches; A absent. Abdomen: slender, length 3.5 mm, with 11

Fig. 1. Burmomerope clara sp. nov., NIGP164028, female. A, microphotograph in dorsal view (scale bar = 2 mm). B, microphotograph in ventral view (scale bar = 2 mm).
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Fig. 2. Microphotographs of the holotype of Burmomerope clara sp. nov., NIGP164028. A, microphotograph of left foreleg (scale bar = 0.5 mm). B, microphotograph of antennae
(scale bar = 0.5 mm). C, microphotograph of female genital and postgenital segments (scale bar = 0.2 mm). D, microphotograph of female genital and postgenital segments taken by
CLSM (scale bar = 0.1 mm). E, line drawings of female genital and postgenital segments (scale bar = 0.1 mm). T8—T10, tergites of segments 8—10; CI-C3, 1-3 segments of cerci; GS8,

gonocoxosternites of segment 8; sapl, subanal plate.

visible segments, segment 3 (thickest segment) 0.98 mm long,
width 2.03 mm; gonocoxosternites of segment 8 represented by
two ventrally situated, slightly curved, sclerotized plates lying
below tergite 9, with a small number of setae; a well developed
subanal plate and segment 1 of cerci shielded by subanal plate.
Segments 2 and 3 of cerci clearly visible; segment 2 length 0.15 mm,
slender and cylindrical; segment 3 length 0.13 mm, tapering to
rounded apex.

4. Discussion

The genus Burmomerope with the type species B. eureka was
erected based on a male specimen from Burmese amber (Grimaldi
and Engel, 2013). Our examination of some private collections
shows that there is no distinct gender variation in wing venation of
B. eureka. For example, the wing venation of a male and female both

preserved in one amber piece show a high degree of uniformity (Xia
et al., 2015, p. 123) as in extant species (Dunford et al., 2007). The
new species belongs to the genus Burmomerope based on its pro-
notum being partially cylindrical instead of shield-like, forewing
with 13 terminal branches and 34 crossveins in radial sector and
medial field (Table 1; Fig. 4). B. clara can be distinguished from B.
eureka by presence of broader wings with more longitudinal veins
in radial sector and medial field (five and six in B. eureka, six and
seven in B. clara), by CuA with two terminal branches, and by long
setae on the anterior margin of the wing (Fig. 5). The new specimen
is the first fossil female meropeid to be figured and described and
preserves the external morphology of the female genital and
postgenital segments. The gonocoxosternites of segment 8 are
represented by two ventrally situated, slightly curved, sclerotized
plates lying below tergite 9 that are remarkably similar to those of
Austromerope poultoni, revealing 100 million years of morpholog-
ical conservatism in female genital structures (Smithers, 1988). The
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CuA

Rs

1.0 mm

Fig. 3. Line drawings of wing of Burmomerope clara sp. nov. Forewing (above) and hindwing (below).

A detailed comparison of forewings in all fossil and extant species.

139

Burmomerope clara

Burmomerope eureka

Boreomerope antiqua

Austromerope poultoni

Austromerope brasiliensis

Merope tuber

Sc

Rs

CuA

7 terminal branches,

1 crossvein

6 terminal branches
7 terminal branches
2 terminal branches

7 terminal branches,
no crossvein

5 terminal branches
6 terminal branches
simple

8 terminal branches,
14 crossveins

6 terminal branches
5 terminal branches
simple

20 terminal branches, more

than 30 crossveins
12 terminal branches
8 terminal branches
simple

8 terminal branches,
49 crossveins

11 terminal branches
9 terminal branches
simple

14 terminal branches,
8 crossveins

5 terminal branches
6 terminal branches
simple

Fig. 4. The wings venation of the other extant/fossil species. A, forewing of Austromerope brasiliensis from Machado et al. (2013). B, forewing of Austromerope poultoni from

Willmann (1989). C, forewing or hindwing of Boreomerope antiqua from Novokshonov (1995). D, forewing of Merope tuber from Willmann (1979).
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Fig. 5. Line drawings of wing venation of Burmomerope eureka (left) and B. clara (right). Forewing (above) and hindwing (below).

only difference is that B. clara has longer tergites of segment 10
(T10) and the subanal plate (Fig. 2C—E).

5. Concluding remarks

A new species of Meropeidae, Burmomerope clara sp. nov., is
described from mid-Cretaceous Burmese amber. It represents not
only the third fossil species of Meropeidae, but also the first fossil
female earwigfly to be figured and described. The female genital
structure of B. clara is remarkably similar to that of extant species,
revealing 100 million years of morphological conservatism, thus
highlighting the antiquity of the group. Our find augments the di-
versity of Mesozoic earwigflies, and enhances our understanding of
the early evolution and diversification of earwigflies.

Acknowledgements

This research was supported by the National Natural Science
Foundation of China (41572010), Youth Innovation Promotion As-
sociation of CAS (No. 2011224), the Chinese Academy of Sciences
President's International Fellowship Initiative (2011t2z04), and
University of the Chinese Academy of Sciences (Y521070001). We
are grateful to Agnieszka Soszynska-Maj and one anonymous
reviewer for the critical reviews and useful suggestions.

References

Abbott, 1., Burbridge, T., Wills, A., 2007. Austromerope poultoni (Insecta, Mecoptera)
in south-west Western Australia: occurrence, modelled geographical distribu-
tion, and phenology. Journal of the Royal Society of Western Australia 90,
97-106.

Byers, G.W., 1973. Zoogeography of the Meropeidae (Mecoptera). Journal of the
Kansas Entomological Society 46, 511-516.

Dunford, ].C., Kovarik, PW., Somma, L.A., Serrano, D., 2007. First state records for
Merope tuber (Mecoptera: Meropeidae) in Florida and biogeographical impli-
cations. Florida Entomologist 90, 581-584.

Grimaldi, D.A., Engel, M.S., 2013. The relict scorpionfly family Meropeidae
(Mecoptera) in Cretaceous amber. Journal of the Kansas Entomological Society
86, 253—263.

Handlirsch, A., 1906. Die fossilen Insekten und die Phylogenie der rezenten Formen:
Ein Handbuch fiir paldontologen und Zoologen. Engelmann, Leipzig, Germany
ix+1—-640 pp., +pls. 1-36 pp.

Johnson, N.E, 1995. Variation in male genitalia of Merope tuber Newman (Mecop-
tera: Meropeidae). Journal of the Kansas Entomological Society 68, 224—233.

Kania, I., Wang, B., Szwedo, ]., 2015. Dicranoptycha Osten Sacken, 1860 (Diptera,
Limoniidae) from the earliest Upper Cretaceous Burmese amber. Cretaceous
Research 52, 522—530.

Killington, EJ., 1933. A new genus and species of Meropeidae (Mecoptera) from
Australia. Entomologist's Monthly Magazine 69, 1—4.

Machado, RJ.P., Kawada, R., Rafael, ]J.A.,, 2013. New continental record and new
species of Austromerope (Mecoptera, Meropeidae) from Brazil. Zookeys 269,
51-65.

Maier, C.T., 1984. Habitats, distributional records, seasonal activity, abundance, and
sex ratios of Boreidae and Meropeidae (Mecoptera) collected in New England.
Proceedings of the Entomological Society of Washington 86, 608—613.

Newman, E., 1838. Entomological notes. Entomological Magazine 5, 168—181.

Novokshonov, V.G., 1995. Der dlteste Vertreter der Meropeidae (Mecoptera, Insecta).
Paldontologische Zeitschrift 69, 149—152.

Packard, A.S., 1886. A new arrangement of the orders of insects. American Naturalist
20, 808.

Penny, N.D., 1975. Evolution of the extant Mecoptera. Journal of the Kansas Ento-
mological Society 48, 331—350.

Ross, A., 2015. Insects in Burmese amber. Entomologentagung Frankfurt/M. Pro-
gramm und Abstracts, p. 72.

Sanborne, P.M., 1982. Stridulation in Merope tuber (Mecoptera: Meropeidae). The
Canadian Entomologist 114, 177—180.

Schiefer, T.L., 2015. First records of Merope tuber Newman (Mecoptera: Meropeidae)
from the Mississippi. Entomological News 124, 265—269.

Shi, G., Grimaldi, D.A., Harlow, G.E., Wang, ., Wang, |., Yang, M., Lei, W,, Li, Q., Li, X,
2012. Age constraint on Burmese amber based on U-Pb dating of zircons.
Cretaceous Research 37, 155—163.

Smithers, C.N., 1988. The female and egg of Austromerope poultoni Killington
(Mecoptera: Meropeidae). Entomologica Scandinavica 19, 109—111.

Willmann, R., 1979. Uber das exoskelett von Austromerope poultoni Killington
(Mecoptera: Meropeidae), ein Beitrag zur Phylogenie der Schnabelfliegen.
Zeitschrift fiir zoologische Systematik und Evolutionsforschung 17, 296—309.

Willmann, R., 1989. Evolution und Phylogenetisches System der Mecoptera (Insecta:
Holometabola). Abhandlungen der Senckenbergischen Naturforschenden
Gesellschaft 544, 1-153.

Xia, Fangyuan, Yang, Gongda, Zhang, Qingqing, Shi, Gongle, Wang, Bo, 2015. Amber:
Life Through Time and Space. Science Press, p. 197.


http://refhub.elsevier.com/S0195-6671(16)30114-8/sref1
http://refhub.elsevier.com/S0195-6671(16)30114-8/sref1
http://refhub.elsevier.com/S0195-6671(16)30114-8/sref1
http://refhub.elsevier.com/S0195-6671(16)30114-8/sref1
http://refhub.elsevier.com/S0195-6671(16)30114-8/sref1
http://refhub.elsevier.com/S0195-6671(16)30114-8/sref2
http://refhub.elsevier.com/S0195-6671(16)30114-8/sref2
http://refhub.elsevier.com/S0195-6671(16)30114-8/sref2
http://refhub.elsevier.com/S0195-6671(16)30114-8/sref3
http://refhub.elsevier.com/S0195-6671(16)30114-8/sref3
http://refhub.elsevier.com/S0195-6671(16)30114-8/sref3
http://refhub.elsevier.com/S0195-6671(16)30114-8/sref3
http://refhub.elsevier.com/S0195-6671(16)30114-8/sref4
http://refhub.elsevier.com/S0195-6671(16)30114-8/sref4
http://refhub.elsevier.com/S0195-6671(16)30114-8/sref4
http://refhub.elsevier.com/S0195-6671(16)30114-8/sref4
http://refhub.elsevier.com/S0195-6671(16)30114-8/sref5
http://refhub.elsevier.com/S0195-6671(16)30114-8/sref5
http://refhub.elsevier.com/S0195-6671(16)30114-8/sref5
http://refhub.elsevier.com/S0195-6671(16)30114-8/sref5
http://refhub.elsevier.com/S0195-6671(16)30114-8/sref5
http://refhub.elsevier.com/S0195-6671(16)30114-8/sref5
http://refhub.elsevier.com/S0195-6671(16)30114-8/sref5
http://refhub.elsevier.com/S0195-6671(16)30114-8/sref6
http://refhub.elsevier.com/S0195-6671(16)30114-8/sref6
http://refhub.elsevier.com/S0195-6671(16)30114-8/sref6
http://refhub.elsevier.com/S0195-6671(16)30114-8/sref7
http://refhub.elsevier.com/S0195-6671(16)30114-8/sref7
http://refhub.elsevier.com/S0195-6671(16)30114-8/sref7
http://refhub.elsevier.com/S0195-6671(16)30114-8/sref7
http://refhub.elsevier.com/S0195-6671(16)30114-8/sref8
http://refhub.elsevier.com/S0195-6671(16)30114-8/sref8
http://refhub.elsevier.com/S0195-6671(16)30114-8/sref8
http://refhub.elsevier.com/S0195-6671(16)30114-8/sref9
http://refhub.elsevier.com/S0195-6671(16)30114-8/sref9
http://refhub.elsevier.com/S0195-6671(16)30114-8/sref9
http://refhub.elsevier.com/S0195-6671(16)30114-8/sref9
http://refhub.elsevier.com/S0195-6671(16)30114-8/sref10
http://refhub.elsevier.com/S0195-6671(16)30114-8/sref10
http://refhub.elsevier.com/S0195-6671(16)30114-8/sref10
http://refhub.elsevier.com/S0195-6671(16)30114-8/sref10
http://refhub.elsevier.com/S0195-6671(16)30114-8/sref11
http://refhub.elsevier.com/S0195-6671(16)30114-8/sref11
http://refhub.elsevier.com/S0195-6671(16)30114-8/sref12
http://refhub.elsevier.com/S0195-6671(16)30114-8/sref12
http://refhub.elsevier.com/S0195-6671(16)30114-8/sref12
http://refhub.elsevier.com/S0195-6671(16)30114-8/sref12
http://refhub.elsevier.com/S0195-6671(16)30114-8/sref12
http://refhub.elsevier.com/S0195-6671(16)30114-8/sref13
http://refhub.elsevier.com/S0195-6671(16)30114-8/sref13
http://refhub.elsevier.com/S0195-6671(16)30114-8/sref14
http://refhub.elsevier.com/S0195-6671(16)30114-8/sref14
http://refhub.elsevier.com/S0195-6671(16)30114-8/sref14
http://refhub.elsevier.com/S0195-6671(16)30114-8/sref15
http://refhub.elsevier.com/S0195-6671(16)30114-8/sref15
http://refhub.elsevier.com/S0195-6671(16)30114-8/sref16
http://refhub.elsevier.com/S0195-6671(16)30114-8/sref16
http://refhub.elsevier.com/S0195-6671(16)30114-8/sref16
http://refhub.elsevier.com/S0195-6671(16)30114-8/sref17
http://refhub.elsevier.com/S0195-6671(16)30114-8/sref17
http://refhub.elsevier.com/S0195-6671(16)30114-8/sref17
http://refhub.elsevier.com/S0195-6671(16)30114-8/sref18
http://refhub.elsevier.com/S0195-6671(16)30114-8/sref18
http://refhub.elsevier.com/S0195-6671(16)30114-8/sref18
http://refhub.elsevier.com/S0195-6671(16)30114-8/sref18
http://refhub.elsevier.com/S0195-6671(16)30114-8/sref19
http://refhub.elsevier.com/S0195-6671(16)30114-8/sref19
http://refhub.elsevier.com/S0195-6671(16)30114-8/sref19
http://refhub.elsevier.com/S0195-6671(16)30114-8/sref20
http://refhub.elsevier.com/S0195-6671(16)30114-8/sref20
http://refhub.elsevier.com/S0195-6671(16)30114-8/sref20
http://refhub.elsevier.com/S0195-6671(16)30114-8/sref20
http://refhub.elsevier.com/S0195-6671(16)30114-8/sref21
http://refhub.elsevier.com/S0195-6671(16)30114-8/sref21
http://refhub.elsevier.com/S0195-6671(16)30114-8/sref21
http://refhub.elsevier.com/S0195-6671(16)30114-8/sref21
http://refhub.elsevier.com/S0195-6671(16)30114-8/sref22
http://refhub.elsevier.com/S0195-6671(16)30114-8/sref22

	A new earwigfly from mid-Cretaceous Burmese amber (Mecoptera: Meropeidae)
	1. Introduction
	2. Material and methods
	3. Systematic palaeontology
	4. Discussion
	5. Concluding remarks
	Acknowledgements
	References


