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Abstract

With new fossils of Protopsyllidioidea discovered from
amber, our knowledge of the biodiversity in the superfamily
increases, and so does our understanding of the evolution
of suborder Sternorrhyncha and its ‘basal’ groups. The new
species Burmapsyllidium grimaldii Hakim, Azar & Huang
sp. nov., assigned to the family Paraprotopsyllidiidae, is
reported from the mid-Cretaceous Burmese amber, and
described and illustrated.
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Introduction

Over the years, numerous fossil taxa belonging to the
superfamily Protopsyllidioidea have been collected and
described from various localities worldwide. Preserved in
amber or as rock impressions, the geological age of these
records widely ranges from Early Permian (Artinskian) to
Late Cretaceous (Turonian) (e.g., Becker-Migdisova, 1985;
Grimaldi, 2003; Yang et al., 2012, 2013; Drohojowska et
al., 2013, 2022; Lara & Wang, 2016; Hakim et al., 2019a,
b, 2021; Huang et al., 2022).

Extinct family Paraprotopsyllidiidae is comprised
of four monospecific genera (Angustipsyllidium minutum
Hakim, Azar, & Huang, 2021; Burmapsyllidium setosum
Hakim, Azar, & Huang, 2021; Maliawa akrawna
Drohojowska & Szwedo, 2021; Paraprotopsyllidium
spinosum Hakim, Azar, & Huang, 2021), all discovered
from mid-Cretaceous Burmese amber. Paraprotopsyllidiids
are characterised by their narrowed wings with long
marginal setae, a typical feature observed in many
very minute flying insects. This design of the wings is
hypothesised to play an aerodynamic role during wing
movement and posture while decreasing the weight of
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the insect and providing the minimum required wing
surface for effective flight, as commonly observed in
some Diptera (Nymphomyiidae), Coleoptera (Ptiliidae),
parasitic Hymenoptera (Mymaridae, Trichogrammatidae),
Lepidoptera (Epermeniidae, Nepticulidae, Pterophoridae)
and Thysanoptera (Horridge, 1956; Ellington, 1980,
1984; Wootton, 1992; Sunada et al., 2002; Huber &
Noyes, 2013; Sato et al., 2013; Santhanakrishnan et al.,
2014; Jones et al., 2015, 2016; Cheng & Sun, 2018;
Kasoju et al., 2018; Ford et al., 2019; Lyu et al., 2019;
Yavorskaya et al., 2019; Zhao et al., 2019; Lee et al.,
2020; Kolomenskiy et al., 2020; Jiang et al., 2022). Some
additional functions of bristles have been suggested, i.e.
mechanosensory purposes (Ai, 2013; Valmalette et al.,
2015).

Herein, we describe a new species, Burmapsyllidium
grimaldii sp. nov., from Burmese amber. This discovery
provides more insight into this family’s biodiversity and
additional data for future studies on the group’s functional
morphology.

Material and methods

The material consists of a single inclusion contained in a
piece of amber, collected from a mining site located near
Noije Bum Village, Tanai Township, in the Myitkyina and
Upper Chindwin districts, Hukawng Valley, northern state
of Kachin, Myanmar (Yin et al., 2018). This specimen
was studied in compliance with the recommendations of
the International Palacoentomological Society (see IPS
statement on Kachin amber in Szwedo et al., 2020). The
amber piece was cut manually using denticulate shaving
blades, and polished with increasing grade emery papers
and diatomite, until the surface has become clear for
observation.
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The specimen was examined and photographed with
a Zeiss AXIO Imager.Z2 compound microscope and a
Zeiss AXIO Zoom.V16 stereomicroscope, both equipped
with Zeiss AxioCam HRc digital cameras. Photographs
under green light were obtained using a fluorescent light
source attached to the compound microscope. Immersion
oil was used to enhance the green fluorescent microscopy
while photographing. The figures and illustrations were
processed with Helicon Focus 6 and Adobe Photoshop
CS6 software.

The type material is deposited in the Nanjing Institute
of Geology and Palacontology (NIGPAS), Chinese
Academy of Sciences (CAS), Nanjing, China.

We mainly adopt the wing venation nomenclature
and the terminology of body structures of Nel et al. (2012)
and Drohojowska (2015). Abbreviations: A, anal vein;
AP, areola postica; CuA, cubitus anterior; CuP, cubitus
posterior; MP, media posterior; RA, radius anterior; RP,
radius posterior.

Systematic palaeontology

Order Hemiptera Linnaeus, 1758

Suborder Sternorrhyncha Amyot & Audinet-Serville,
1843

Superfamily Protopsyllidioidea Carpenter, 1931

Family Paraprotopsyllidiidae Hakim, Azar, Szwedo,
Drohojowska & Huang, 2021

Genus Burmapsyllidium Hakim, Azar & Huang, 2021
in Hakim et al., 2021

Type species. Burmapsyllidium setosum Hakim, Azar &
Huang, 2021 in Hakim et al., 2021; by original designation
and monotypy.

Burmapsyllidium grimaldii Hakim, Azar & Huang sp.
nov.
(Figs 1-5)

Material. Holotype: specimen number NIGP201137,
well-preserved (Fig. 1A), female; syninclusion: one
Acari.

Etymology. The specific epithet is given in honour
of Dr David Grimaldi, a world authority on fossil insects
and their evolution.

Diagnosis. Apical tarsomere bearing a single small
lobe and two fully visible claws, the latter without
preapical teeth and not covered by membrane; forewings
with common stem MP + CuA 1/5 the length of vein
CuA, fork of MP 2/3 the length of common stem MP and
1/3 the length of forewing, and AP shorter than common

stem CuA (about 78.5% the length); female ovipositor 1/3
shorter than that of B. setosum; gonapophysis VIII about
2/3 the length of gonapophysis IX.

Locality and horizon. Hukawng Valley, Kachin
State, northern Myanmar; mid-Cretaceous (Shi et al.,
2012; Mao et al., 2018).

Description. Head (Fig. 1B) about 1.55 mm wide; 12
bristles, long and sharp, placed in a symmetrical pattern
along vertex (row of 6 setae on each side); several thin
setae on frons and clypeus. Three bulbous ocelli visible,
arranged in a triangle on vertex. Compound eyes bulbous,
ellipsoid, posterior margin slightly concave, about 1.30
mm long and 0.73 mm wide; ommatidia devoid of setae.
Antennae emerging between compound eyes, near upper
anterior margin of eyes; at least six flagellomeres (both
antennae not preserved completely) with sharp bristles,
slender and rod-shaped, with no secondary annulations.
Rostrum elongated; labium three-segmented, emerging
between fore coxae, about 4.80 mm long; presence of
long, thin setae, mainly on mid- and apical segments,
no secondary annulations on any segment; stylets not
visible.

Thorax: with multiple sharp, long bristles; pronotum
ca. 1.25 mm long, with 16 visible bristles (2 near
middle of anterior margin, 14 in a row along posterior
margin); mesonotum + metanotum around 6.60 mm
long; mesonotum with 20 visible bristles, spread across
mesoscutum; metanotum obscured by forewings and air
bubble.

Legs: setose; coxae large; trochanters well-developed;
femora slender, with multiple setae, particularly on dorsal
margin; fore and mid tibiae with sharp and short setae,
hind tibiae with numerous, slightly longer, setac and 2—
3 spines at apex (Fig. 1C); tarsi two-segmented, apical
tarsomere bearing single small lobe and two claws; claws
long, slender and curved with no preapical teeth and not
covered by membrane (Fig. 1B, C); tarsomeres about
equal in length in fore and mid legs, basal tarsomere
longer than apical segment (1.5-2.0 times the length) in
hind legs. Forewing (Figs 2-3, basal section of wing in
curved position due to preservation) 1.73 mm long, 0.49
mm wide, membranous, with long marginal setae; wing
membrane light brown in colour, covered with numerous
dark microsetae; fringe composed of two rows of setae,
ending shortly before CuP reaches wing margin; veins
thickened, bearing sharp bristles except for CuP; R
branched into RA and RP at 0.70 mm from wing base
(before wing’s mid-length); RA almost straight, reaching
margin at 0.95 mm; RP simple, curved and reaching
margin at 1.51 mm; common stem MP + CuA about 11%
the length of forewing and 20% the length of vein CuA
(including AP); MP and CuA separated at 0.36 mm; very
long common vein MP1 +MP2; MP branched at 1.21 mm;
fork of MP about 65% the length of common stem MP
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and 32% the length of forewing; MP1 curved and MP2
sigmoidal, reaching margin respectively at 1.73 mm and
1.49 mm; CuA branched at 0.92 mm, near wing margin;
AP shorter than common stem CuA, about 78.5% the
length; CuAl strongly curved apically, reaching margin
at 1.33 mm; CuA2 very short, almost none existent; CuP
almost straight, much thinner than other veins, reaching
margin at 0.60 mm; A1 thin, joining CuP at wing margin;
A2 probably present but evanescent, with strong setae,
very close to wing margin. Hind wing membranous, with
fringe of long setae; wing membrane with numerous dark

microsetae, colour the same shade as forewings; fringe
with one row of setae; RP and MP very long, simple,
reaching wing margin; other veins, if present, not visible
due to air bubble and wing position.

Abdomen: dorsally obscured by large air bubble;
bearing a few thin setae ventrally; anal tube elongated and
segmented, apical segment setose. Female ovipositor with
well-developed gonapophyses, emerging distally from
abdomen (Fig. 4); gonapophyses very short (compared
to other paraprotopsyllidiid species); gonapophysis VIII
distinctly shorter than gonapophysis IX (about 66% the

=\ \

FIGURE 1. Burmapsyllidium grimaldii sp. nov., holotype. A, Habitus. B, Details of head and thorax. C, Details of hind leg. D,

Details of claws.
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FIGURE 2. Burmapsyllidium grimaldii sp. nov., holotype. A, Forewing. B, Forewing, in green light.

FIGURE 3. Burmapsyllidium grimaldii sp. nov., holotype. Illustration of forewing.

length), covered with setae; gonapophysis IX acute,
needle-like. Male genitalia unknown (likely as in family
diagnosis).

After
the structures of the antennae in both species of

Remarks. observing and comparing
Burmapsyllidium, it is most probable that B. setosum has
10 antennomeres (like Maliawa Drohojowska & Szwedo,

2021) and not 11 as previously assumed.

Discussion

Burmapsyllidium grimaldii sp. nov. appears to closely
They
similarities in features such as the shape of the wings

resemble  Burmapsyllidium  setosum. share
and several body structures, the venation pattern, and
the presence of sharp setae symmetrically distributed on

the head and thorax. Unlike B. setosum, the new species
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FIGURE 4. Burmapsyllidium grimaldii sp. nov., holotype. A, Abdomen and genitalia, in green light. B, Details of abdomen and

genitalia.

presents fully visible claws (which seem to be covered in
B. setosum), some differences in the forewing venation
pattern, mainly a shorter common stem MP + CuA (20%
the length of vein CuA vs. 35% in B. setosum), a longer
fork of vein MP (65% the length of common stem MP vs.
40% in B. setosum and 32% the length of forewing vs.
20% in B. setosum), and cell AP shorter than common stem
CuA (about 78.5% the length of common stem CuA vs. AP
longer in B. setosum), and a shorter ovipositor. Although
it is not conclusive evidence, vein RP being simple in
Burmapsyllidium grimaldii sp. nov. strongly supports the
hypothesis that the fork of RP in B. sefosum might be a
malformation, as all other species in Paraprotopsyllididae
also have RP simple.

Burmapsyllidium grimaldii sp. nov. differs from
the species of genera Paraprotopsyllidium Hakim, Azar,
& Huang, 2021, Angustipsyllidium Hakim, Azar, &
Huang, 2021, and Maliawa in the shape and venation
pattern of the wings (vein MP branched vs. simple, and
different shape and length of AP in Paraprotopsyllidium
and Maliawa) (Fig. 5). The fringe on the wings in
Burmapsyllidium grimaldii sp. nov. is shorter than
those of Paraprotopsyllidium and Angustipsyllidium,
the latter genus having a less complex venation pattern
compared to all other species. Additionally, unlike
Angustipsyllidium, Burmapsyllidium grimaldii sp. nov.
has no membrane on the claws and is much larger; unlike
Paraprotopsyllidium, the head and thorax have shorter
and thinner setae in Burmapsyllidium grimaldii sp. nov.,
no secondary annulations on mouthparts, no thick spines
on hind legs, and much shorter structures of the female
genitalia (emerging distally from the abdomen).

Burmapsyllidium grimaldii sp. nov. differs from
Postopsyllidiidae in the setae and venation of the wings:
forewing with a fringe composed of two rows of setae
vs. one row, MP with two branches vs. MP with three
branches, and a differently shaped AP; hind wing with a
fringe vs. no fringe, and a less complex venation pattern.
They also differ in the shape and/or length of several body
structures, e.g. the head, thorax and female genitalia.
Additional differences observed in Postopsyllidiidae
include large fore femora with sharp spines (not present
in Burmapsyllidium grimaldii sp. nov.), and tarsi one-
segmented in forelegs then three-segmented in mid and
hind legs (vs. two-segmented in all legs in Burmapsyllidium
grimaldii sp. nov.) (Grimaldi, 2003; Hakim et al., 2019b;
Drohojowska et al., 2022).

All these differences justify the establishment of a
new species, Burmapsyllidium grimaldii sp. nov.

Conclusion

Burmese amber is rich in biological inclusions, such
as plants and invertebrates (Ross, 2019, 2020, 2021,
2022), and thus provides valuable knowledge on
Cretaceous life forms and their ecosystems. As of now,
Paraprotopsyllidiidae is recognised with five species from
Burmese amber. This family is yet to be recorded from a
different deposit. New discoveries will shed more light on
its biogeographic distribution and functional morphology,
which in turn will help to clarify the behaviour and
evolutionary history of suborder Sternorrhyncha and its
‘basal’ groups.

A NEW SPECIES OF PROTOPSYLLIDIOIDEA

Palaeoentomology 005 (6) © 2022 Magnolia Press « 627



/ 7

- \;: _ ‘\’"\\“\

~ /i‘ -_—— —— S _
S I N e

)

4

FIGURE 5. Wing venation patterns of paraprotopsyllidiid species. A, Paraprotopsyllidium spinosum. B, Angustipsyllidium
minutum. C, Burmapsyllidium setosum. D, Burmapsyllidium grimaldii sp. nov. E, Maliawa akrawna. Scale bars = 200um.
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