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a b s t r a c t

A new genus and species, Concavapsocus parallelus gen. et sp. nov., is assigned to the Psyllipsocidae
(Trogiomorpha). Claws with preapical tooth and forewing with nodulus may not be suitable for diag-
nostic characters of the Psyllipsocidae. Wing polymorphism increase the difficulty of taxonomic position
of psocids based on barely visible wing venation, especially in the suborder Trogiomorpha. Globopsocus
aquilonius Azar and Engel may belong to the Psyllipsocidae and be closely related with the new species.

© 2019 Elsevier Ltd. All rights reserved.
1. Introduction

Psyllipsocidae, members of the suborder Trogiomorpha,
comprising more than 70 species within nine genera, are widely
distributed all over the world (Hakim et al., 2018). Among records
of fossil psyllipsocids, only four genera with five species are
incontrovertible: Annulipsyllipsocus andreneli Hakim et al., 2018
and A. inexspectatus Hakim et al., 2018 from the mid-Cretaceous
Burmese amber; Khatangia inclusa Vishnikova, 1975 from the Up-
per Cretaceous Tymair amber; the others are from the lower
Eocene, Cenozoic, comprising Sinopsyllipsocus fushunensis Zhang
et al., 2016 from Fushun amber (China), and Psyllipsocus eocenicus
Nel et al., 2005 from Oise amber (France). One equivocal species
from the Lower Cretaceous Lebanon amber is Libanopsyllipsocus
alexanderasnitsyni Azar and Nel, 2011, originally placed into the
Psyllipsocidae. After examining the type material Mockford et al.
(2013) transferred it to Pachytroctidae, and recently Hakim et al.
(2018) replaced it to the Psyllipsocidae, after also examining the
type material.

Recently, we collected nine specimens from the Hukawng Val-
ley, Myitkyina District of Kachin State in Myanmar, which can be
assigned to the Psyllipsocidae, and one newgenus is erected here to
accommodate them. These ambers have retained many well-
preserved structures of Psyllipsocidae, such as claws, antennae,
gonapophyses, etc. One of the most interesting phenomenon is the
asymmetry of the left and right forewing venations in one spec-
imen (CNU-PSO-MA2018003). Up to date, nine families, nine
genera, and fifteen species of Psocodea from Burmese amber have
been reported (Ross, 2018), besides, this deposit has yielded
innumerous well-preserved insect fossils (Li et al., 2018; Chen et al.,
2018; Zhang et al., 2018; Du and Yao, 2018).
2. Material and methods

Herein, we reported nine specimens collected from the amber
deposits of Kachin (Hukawng Valley) in northern Myanmar (Zhang
et al., 2018: fig. 1). The studied specimens are housed in the Key Lab
of Insect Evolution and Environmental Changes, College of Life
Sciences, Capital Normal University, Beijing, China (CNUB, Curator:
Yunzhi Yao). The age of Burmese amber is attributed to the earliest
Cenomanian (ca. 98.79 ± 0.62 Ma) (Shi et al., 2012).

Specimens were examined and photographed under a Nikon
SMZ25 microscope, with an attached Nikon DS-Ri2 digital camera
system. The line drawings were edited by Adobe Illustrator CC and
Adobe Photoshop CC. The morphological and wing venation ter-
minology follows mainly Smithers (1990) and Mockford (1993).
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Fig. 1. Holotype of Concavapsocus parallelus sp. nov., CNU-PSO-MA2018001, male. (A)
Photographs in left lateral view; (B) Line drawings in left lateral view. Scale bars:
0.5 mm.
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Abbreviations involved in the article: mx, maxillary palp; Sc, sub-
costal vein; R, radius vein; Rs, radial sector; M, median vein; Cu,
cubital vein; A, anal vein; ep, epiproct; p, paraproct; V1, ventral
valve; V2, dorsal valve; V3, external valve.

3. Systematic palaeontology

Suborder Trogiomorpha Roesler, 1940
Infraorder Psyllipsocetae Smithers, 1972
Family Psyllipsocidae Kolbe, 1884

Genus Concavapsocus gen. nov.
Etymology. The generic name is a combination of Latin ‘concavus’
meaning ‘concave’ and ‘psocus’, the common stem of most pso-
copteran genera. Gender masculine.
Type species. Concavapsocus parallelus sp. nov.

Diagnosis: Ocelli absent; antennae with 23 flagellomeres; mx2 and
mx4 without conical sensillum; lacinia developed, with two pre-
apical teeth. Forewings membranous, with several setae on veins
and posterior margin; apex of forewing margin concave inward;
basal portion of Sc short, ending free in membrane; basal part of R1
fused with R2þ3; A fused with Cu2 near middle of the forewing. Hind
wing present, membranous. Coxae with several setae; one coxal
rasp present; tibiae with two apical spurs; tarsi with three seg-
ments. V2 reduced to needle-like; V1 rod-like, unsclerotized; V3 broad,
without seta; subgenital plate short, covering at most basal part of
V3. (Autapomorphies of new genus are given in italics).
Remarks. Concavapsocus gen. nov. shares a series of characters of the
Trogiomorpha (Mockford, 1993; Yoshizawa et al., 2006; New and
Lienhard, 2007): (1) antennae generally with more than twenty
segments; (2) labial palps two-segmented, with minute basal
segment and rounded or elongated distal segment; (3) tarsi three-
segmented; (4) forewing with pterostigma not thickened, some-
time slightly opaque; (5) ventral and dorsal valves of female
gonapophyses strongly reduced or absent, external valves devel-
oped; (6) subgenital plate short, covering at most basal part of
external valves. Furthermore, according to the systematic analysis
of Yoshizawa et al. (2006), the last two characters are
synapomorphies.
The new genus and species can be clearly classified into the Psy-
llipsocetae by these characters (Yoshizawa et al., 2006): mx2
without conical sensillum; lacinia developed; basal part of Sc short,
ending free in membrane; wing pilosity developed; paraproct with
anal spine; external valve of female gonapophyses broad. Moreover,
Concavapsocus parallelus sp. nov. should be assigned to the Psy-
llipsocidae according to the following characters: brachypterous;
tarsi with three segments; body, and wing rudiments when pre-
sent, without scales; forewings not thickened, translucent; vena-
tion apparent; forewing venation consisting of more than a single
longitudinal vein; paraproct with posterior spine; claws without
preapical tooth (Smithers, 1990).
Concavapsocus gen. nov. is different from any genera of the Psy-
llipsocidae. Its’ brachypterous occurs in Annulipsyllipsocus, Dor-
ypteryx, Pseudorypteryx, Psocatropos and Psyllipsocus; but the new
genus can be distinguished from Annulipsyllipsocus by having 23
segmented antennae (vs. 16 segmented antennae), and reduced
forewing veins (vs. complex forewing veins) (Hakim et al., 2018).
The broad forewing concave at apex (vs. slender forewing which
pointed at apex) differs from the genusDorypteryx (Morkford,1993;
Li and Liu, 2009). Based on the mx4 without any sensillum (vs.
versus with several small sensilla on outer margin) (Mockford,
1993; Li, 2002) Concavapsocus can be distinguished from Pseudor-
ypteryx, Psocatropos or Psyllipsocus. It also differs from Pseudop-
syllipsocus by having a femora without any tumor (vs. with tumor),
and female gonapophyses with ventral and dorsal valves (vs.
female gonapophyses with only external valves). Meanwhile, the
genus Concavapsocus can be easy distinguished from other fossil
psyllipsocids. For instance, pterostigma and aroela postica absent in
forewing (vs. pterostigma and aroela postica present) (Vishnikova,
1975) are different from Khatangia. Concavapsocus can also be
distinguished from Libanopsyllipsocus by the simple Rs in hindwing
(vs. Rs branched in hind wing) (Azar and Nel, 2011). However,
Libanopsyllipsocus should be assigned to the Pachytroctidae instead
of the Psyllipsocidae. The phallosome in the original illustrations
may be the T-shape sclerite on the subgenital plate of the Pachy-
troctidae (Azar and Nel, 2011; Azar et al., 2015).

Concavapsocus parallelus sp. nov (Figs. 1e4)

Etymology. The specific name is the Latin term ‘parallelus’, meaning
‘parallel’, derived from parallel distal main longitude veins.
Type material. All specimens are adult. Holotype, CNU-PSO-
MA2018001, male, well preserved. Paratype, CNU-PSO-
MA2018002, female, well preserved; CNU-PSO-MA2018003, male,
thorax broken; CNU-PSO-MA2018004, female, well preserved,
ventral view covered by a gas bubble; CNU-PSO-MA2018005, sex
unknown, abdomen broken; CNU-PSO-MA2018006, sex unknown,
wings well preserved, abdomen broken, ventral view covered by a
gas bubble; CNU-PSO-MA2018007, female, well preserved, ventral
view covered by a crack; CNU-PSO-MA2018008, female, well pre-
served, body covered by many impurities; CNU-PSO-MA2018009,
sex unknown, abdomen broken, dorsal view covered by a crack.
Locality and horizon. Hukawng Valley, Kachin State, Northern
Myanmar. mid-Cretaceous, lowermost Cenomanian.



Fig. 2. Details of Concavapsocus parallelus sp. nov. (A) Antennae, holotype, CNU-PSO-MA2018001, male; (B) Cuticular sculpture on antenna, holotype, CNU-PSO-MA2018001, male;
(C) tarsi and claws, paratype, CNU-PSO-MA2018005; (D) Line drawing of the female genitalia in left lateral view, (arrow are pointing to anal spine of paraproct), paratype, CNU-PSO-
MA2018002; (E) photo of the female genitalia in left lateral view, paratype, CNU-PSO-MA2018002; (F) Mx2-Mx4, paratype, CNU-PSO-MA2018002, female; (G) Lacinia, paratype,
CNU-PSO-MA2018002, female. Scale bars: 0.1 mm.
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Diagnosis: Antennae with 23 flagellomeres. Brachypterous. Fore-
wing: M and Cu1 not branched; basal part of Cu1 evanescent. Leg
with setae; tibiae and tarsi with two rows of setae; pretarsal claws
without preapical tooth; no puvillus.
Description. Male. Body length 1.24 mm. Vertex narrow, 0.13 mm;
ecdysial cleavage line absent; head with dense setae; compound
eyes well developed; ocelli absent; antennaewith 23 flagellomeres,
about 1.33 mm long; scape short, pedicel tubular; first flagellomere
longest; at least third flagellomere with cuticular sculpture;
Mouthpart chewing type; maxillary palps with four segments,
mx4: 0.08 mmemx2:0.07 mmemx3: 0.05 mmemx1: 0.04 mm,
from longest to shortest in length, with setae on the mx4; mx2 and
mx4without conical sensillum; labial palps two segmented; lacinia
tip with apical teeth.
Forepart of protothorax attenuate to neck. Brachypterous, apex of
forewing beyond abdomen slightly. Forewings quadrangle, mem-
branous, 1.02 mm long, 0.38 mmwide; with several setae on veins
and posterior margin; apex of wing margin concave inward; Sc
short, spur-like, ending free; pterostigma absent; R1 fused into
R2þ3; M separate from R at 1/7 distal to wing base; M and Cu1 not
branched; 1/5 basal Cu1 evanescent; Cu2 fused with A near 1/2
distal to wing base, Cu2þA curved back ending on margin. Hind
wing membranous, triangular, 0.93 mm long; posterior margin
with dense setae, R and M not branched, Cu1 divided into Cu1a and
Cu1b near middle of hind wing.
Leg with dense setae; coxal rasp present; tibiae with two apical
spurs; tarsi three segmented; pretarsal claws without preapical
tooth; no pulvillus.
Female. Epiproct with setae; paraproct with an anal spine. V1
reduced to rod-like, not sclerotized, V2 slender, needle-like, V3
broad without posterior seta. Subgenital plate with dense setae,
covering at most part of basal V3.
4. Discussion

Mockford (1993) proposed that pretarsal claw with preapical
tooth was an important diagnostic character for the Psyllipsocidae.



Fig. 3. Line drawings of wings of Concavapsocus parallelus sp. nov., paratype, CNU-PSO-
MA2018004, female. (A) Forewing; (B) Hindwing. Scale bars: 0.5 mm.

Fig. 4. Line drawings of forewings of Concavapsocus parallelus sp. nov., paratype, CNU-
PSO-MA2018003, male. (A) Right; (B) Left. Scale bars: 0.5 mm.
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However, among records of fossil psyllipsocids, the two species of
the genus Annulipsyllipsocus known from Burmese amber, only
A. andreneli has preapical tooth (Hakim et al., 2018). Nevertheless,
Concavapsocus parallelus have neither preapical tooth nor pulvillus.
Based on the following characteristics: antennae with 23 flag-
ellomeres, mx2 without sensory spur; lacinia developed; forewing
basal Sc short, ending free in membrane; paraproct with anal spine;
female with V3 broad, V1, V2 reduced, the new species apparently
belong to the Psyllipsocidae. According to the current taxonomic
system, forewing with nodulus also was considered as a vital
diagnostic character for the Psyllipsocidae (Smithers, 1972;
Yoshizawa et al., 2006; New and Lienhard, 2007). However, the
nodulus is not consistently present in the same family, for example,
nodulus are absent in forewings of Khatangia inclusa. In the
meantime, most of the Lepidopsocidae (Trogiomorpha: Atropetae)
nodulus are absent in the forewing, but are present in some genera
(Baz and Ortu~no, 2000). Obviously, as the above evidence indicates,
the pretarsal clawwith preapical tooth and the presence of nodulus
may not be an appropriate diagnostic character for the
Psyllipsocidae.

In the classification of extant psocids, venation is usually not
considered as family diagnosis (Smithers, 1972; Mockford, 1993; Li,
2002; New and Lienhard, 2007). However, due to badly-preserved
fossil psocids, useful information is missing. For example, many
fossil species are erected based only on forewing characters, even
with broken forewing (Cockerell, 1921; Martynov, 1926; Prerrichot
et al., 2003; Azar, 2014). Kucerova (1997) showed that the envi-
ronmental factors in individual development may directly affect
the phenotype of veins. Hence, the venation of psocids show
polymorphism. Interestingly, the specimen CNU-PSO-MA2018003
has asymmetry of the forewings: R2þ3 not branched on right
forewing (Fig. 4A), but R2þ3 forked into R2 and R3 distally on left
forewing (Fig. 4B). Thus, extreme caution should be taken over the
taxonomic assignment based on wing venation of psocids. A new
taxon which is established based only on characters of venations
may be dubious.

Globopsocus aquilonius described by Azar and Engel in 2008, was
assigned to the Sphaeropsocidae (Troctomorpha) according to the
elytriform forewings; crossveins, claval suture, and hindwing ab-
sent. However, Mockford et al. (2013) proposed that this species
should be assigned to the Electrentomoidea (Troctomorpha), based
on its general morphology and large compound eyes. They
considered that the elytrous forewing with modified venation
cannot be used as evidence to assign it to the Sphaeropsocidae,
seeing that this character is also present in several extant genera of
Electrentomoidea. For instance: Chelyopsocus and Reticulopsocus of
the Protroctopsocidae (Lienhard, 2005; Mockford et al., 2013) and
Coleotroctellus of the Troctocidae (Lienhard and Mockford, 1997;
Mockford et al., 2013). Globopsocus aquilonius can be distin-
guished from all species of the Electrentomoidea by lacking closed
cells in the forewing. Moreover, in troctopsocids the antennae have
at most 15 segments, while Globopsocus aquilonius has 17 segments
(Mockford et al., 2013). Among all psocids, only the Trogiomorpha
have long antennae, usually more than 20 segments. Therefore, the
taxonomic position of Globopsocus aquilonius is still uncertain.
Trogiomorpha can be readily distinguished from Troctomorpha by
having: antennae with more than 18 flagellomeres (vs 13 flag-
ellomeres); filaments of hypopharynx never fused on midline (vs
filaments of hypopharynx fused on midline for part of their length,
separate distally) paraproct with strong posterior spine (vs para-
proct without strong posterior spine). However, these characters
are not visible in the original descriptions, line drawings, nor in the
photographs (Azar and Engel, 2008). Unfortunately, Mockford et al.
(2013) also did not mention the above characters. Thus the higher
phylogeny position of Globopsocus aquilonius remains elusive.

On the other hand, Globopsocus aquilonius is similar with Con-
cavapsocus parallelus sp. nov. as follows: vertex narrow, no coronal
ecdysial cleavage lines evident; compound eyes developed, ocelli
absent; maxillary palps four segments; labial palps two segments;
tibiae with two apical spurs, tarsi with three segments; pretarsal
claws without preapical tooth; dorsal valves slender and needle-
like, ventral valves shorter than the dorsal valves; brachypterous
(a little before or beyond abdomen). In addition, veins very simple,
distal of main longitude veins nearly parallel. Besides, it can be seen
from the original figures that the antennae of Globopsocus aquilo-
nius are discontinuous, the preservation of the antennae in the
specimen may be incomplete, and the number of antennal articles
may be more. Therefore, it is possible that Globopsocus aquilonius
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most likely belongs to the Psyllipsocidae (Trogiomorpha), and may
be a close relative to Concavapsocus parallelus gen. et sp. nov.

5. Conclusions

Concavapsocus parallelus gen. et sp. nov. from mid-Cretaceous
Burmese amber is assigned to the Psyllipsocidae. The pretarsal
claw with preapical tooth and the presence of nodulus may not be
an appropriate diagnostic character for the Psyllipsocidae. Thewing
polymorphism makes it difficult to define some psocids taxa based
only on wing venation, especially in Trogiomorpha. Globopsocus
aquilonius may be a close relative to Concavapsocus parallelus gen.
et sp. nov.
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