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Two new genera of velvety shore bugs, Arcochterus Zhang, Ren and Yao gen. nov. and
Parvochterus Zhang, Ren and Yao gen. nov. are described, with three new species
between them—Arcochterus fuscus Zhang, Ren and Yao sp. nov., Parvochterus
reticulatus Ren and Yao sp. nov., and P. lanceolarus Zhang, Ren and Yao sp. nov. Based
on the combination of fossil and extant taxa, a cladistic analysis is conducted to confirm
the phylogenetic position of these species and allows reconstruction of the inter-genus
relationships within the superfamily Ochteroidea. Major conclusions of the phylogenetic
analysis: (1) these new species and Grimaldinia pronotalis belong to Ochteridae; (2)
Ochteroidea is a monophyletic group, Ochteridae and Gelastocoridae are sister group
and monophyletic, respectively. (3) The ancestral character state reconstruction (ACSR)
shows that the length of the rostrum has occurred in at least three independent
transitions during the evolution of the superfamily Ochteroidea.

Keywords: Ochteridae, Gelastocoridae, new species, morphological phylogenetics, ancestral character state
reconstruction, independent evolution

INTRODUCTION

The family Ochteridae are commonly known as “velvety shore bugs”, together with its sister
group, Gelastocoridae (the toad bugs), jointly form the extent superfamily Ochteroidea, belonging
to the infraorder Nepomorpha which is a small riparian group (Kment et al., 2020; Schuh
and Weirauch, 2020). Ochteridae consist of three extant genera (Ochterus Latreille, 1807,
Megochterus Jaczewski, 1934 and Ocyochterus Drake and Gómez-Menor, 1954) and 91 species
(Kment et al., 2020; Polhemus, 2021). Gelastocoridae includes two subfamilies, Gelastocorinae
Champion (1901) and Nerthrinae Kirkaldy (1906) with two extant genera (Gelastocoris Kirkaldy,
1897 and Nerthra Say, 1832) and 106 species (Estévez and Ruf, 2006; Poinar and Brown, 2016;
Schuh and Weirauch, 2020).
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Fossil Ochteroidea are scarce, including Ochteridae,
Gelastocoridae, Propreocoridae, and Pseudonerthridae (Kment
et al., 2020; Schuh and Weirauch, 2020). The fossil ochterids
definitely contains four genera and five species (Kment et al.,
2020), including the oldest on the fossil record—three genera and
four species from the Early Cretaceous of China: Pristinochterus
zhangi Yao et al., 2007, P. ovatus Yao et al., 2011, Angulochterus
quatrimaculatus Yao et al., 2011, and Floricaudus multilocellus
Yao et al., 2011, and one genus and species from Miocene
Dominican amber: Riegerochterus baehri Popov and Heiss, 2014a.
Fossil gelastocorids include three genera and five species, with
two species from Early Cretaceous of Brazil (Ruf et al., 2005; Xie
and Liu, 2018), two species from the mid-Cretaceous of Myanmar
(Poinar and Brown, 2016) and one species from the late Holocene
of Chile (Faúndez and Ashworth, 2015). Only one genus and
species of Pseudonerthridae was reported: Pseudonerthra
gigantea (Ruf et al., 2005), from the Early Cretaceous of Brazil.
Propreocoris maculatus Popov et al., 1994, from the Early Jurassic
of Britain, was considered the earliest fossil record of Ochteridae,
nonetheless, Shcherbakov and Popov (2002) supposed it as
the endemic subfamily Proprepocorinae, later Grimaldi and
Engel (2005) and Yao et al. (2011) believed it should be as
a common ancestor of the Ochteridae and Gelastocoridae;
eventually, Kment et al. (2020) formally raised Proprepocorinae
to family rank. Grimaldinia pronotalis Popov and Heiss,
2014b, from mid-Cretaceous Myanmar, was assigned to the
Leptosaldinae (Leptopodomorpha: Leptopodidae) and regarded
as a controversial species, was revised to Ochteroidea by Schuh
and Weirauch (2020).

Recent phylogenetic analyses of Nepomorpha indicated
superfamily Ochteroidea is a monophyletic group, Ochteridae
and Gelastocoridae are sister group and monophyletic,
respectively (Andersen and Weir, 2004; Hebsgaard et al., 2004;
Yao et al., 2011; Ye et al., 2020). The main diagnostic characters
of the family Ochteridae are as follows: eyes large, with inner
margins emarginated; ocelli present; antennae 4-segmented,
partially visible dorsally; rostrum long, segment III longest; legs
adapted for walking, without swimming hairs, profemora not
enlarged; tarsal formula 2-2-3; membrane of forewings with
several closed cells (Chen et al., 2005; Schuh and Weirauch,
2020). Herein, we reported five Kachin amber ochterids with
short rostrum from Hukawng Valley in northern Myanmar.
These newly described taxa supplement Ochteridae and provided
new evidence for clarifying the phylogeny of Ochteridae.

MATERIALS AND METHODS

Material Study and Terminology
The amber specimens are from the Hukawng Valley (Kachin
State, Northern Myanmar), near Tanai Village (26◦21′33.41′′
N, 96◦43′11.88′′ E) (Zhang et al., 2018; Wang et al.,
2019) approximately from the Turonian or Cenomanian,
98.79 ± 0.62 Ma (Du et al., 2019; Li et al., 2020). There
are five specimens, in one of which the amber embeds two
individuals at once, including a female and a male. All these
specimens herein are deposited in the Key Laboratory of Insect

Evolution and Environmental Changes from the College of Life
of Science at Capital Normal University, Beijing, China (CNU;
Yunzhi Yao, Curator).

Morphological terminology and taxonomy mainly follow
Andersen and Weir (2004) and Schuh and Weirauch (2020). All
measurements are in millimeters (mm).

Taxon Sampling and Character Choice
Two representatives from the family Belostomatidae (Belostoma
lutarium Stål, 1856) and Naucoridae (Idiocarus minor La Rivers,
1971) are selected as the outgroup taxa (Hebsgaard et al., 2004;
Yao et al., 2011; Ye et al., 2020; Wang et al., 2021), and 16 species
of Ochteroidea are as the ingroup (nine extant taxa and three
fossil taxa of Ochteridae; two extant taxa and two fossil taxa
of Gelastocoridae). A total of 32 morphological characters from
adults were used, most of the characters are from Hebsgaard et al.
(2004) and Yao et al. (2011) (see Appendix 1 for the definitions
of characters) and all the characters are equal-weighted (Table 1).

Phylogenetic Analysis
The matrix (Appendix 1) was compiled using Nexus Data Editor
(Version 0.5.0) (Page, 2001). Phylogenetic analysis based on
the maximum parsimony was conducted in Winclada (Version
1.00.08) with NONA script and a repeated verification in
TNT (Version 1.5) (Goloboff, 1999; Nixon, 2002; Goloboff
and Catalano, 2016). Heuristic searches using Winclada were
performed with a parameter of 10,000 maximum trees, 1,000
random-taxa-addition replicates, and 100 starting trees per
replication. The repeated analysis in TNT was using “traditional
search” and the Bremer Support values (BS) were calculated
through the script “Bremer. Run.”

Ancestral Character State
Reconstruction
We reconstructed the ancestral state of rostrum length in
Ochteroidea based on the phylogenetic analysis, using the
Mesquite (Version 3.70) (Maddison and Maddison, 2021). The
rostrum length of each of the 18 species of Ochteroidea is
selected from character 21 in the matrix (Table 1). Three kinds
of rostrum lengths were identified: (0) reaching procoxae, (1)
reaching mesocoxae, and (2) reaching metacoxae.

RESULTS AND DISCUSSION

Phylogenetic Analyses
The phylogenetic analysis returned the two most parsimonious
trees [tree length = 52, consistency index (CI) = 0.65, retention
index (RI) = 0.83]. The strict consensus tree [tree length = 53,
consistency index (CI) = 0.64, retention index (RI) = 0.83]
is shown in Figure 1, with unambiguous characters and
Bremer support values (BS) marked. The major results of our
phylogenetic analysis are as follows: the superfamily Ochteroidea
(BS = 7) is well supported as a monophyletic; the monophyly of
Ochteridae (BS = 4) and Gelastocoridae (BS = 2) are strongly
supported, they are the sister group, and the new fossils all
belong to Ochteridae.

Frontiers in Ecology and Evolution | www.frontiersin.org 2 June 2022 | Volume 10 | Article 892530

https://www.frontiersin.org/journals/ecology-and-evolution
https://www.frontiersin.org/
https://www.frontiersin.org/journals/ecology-and-evolution#articles


fevo-10-892530
June

16,2022
Tim

e:11:40
#

3

Zhang
etal.

M
orphologicalP

hylogenetics
ofO

chteridae

TABLE 1 | Character state matrix of 32 characters for the 18 taxa included in the phylogenetic study.

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32

Belostoma lutarium 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 1 0 0 0 1 1 0 0 0 0

Idiocarus minor 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 1 1 0 0 0 0 0 0 0 0 1 1 0 0 1 0

Nerthra fuscipes 1 0 0 0 0 1 1 1 1 0 0 1 1 0 0 1 1 1 1 0 2 0 0 1 1 1 0 1 1 0 1 0

Nerthra bichelata 1 0 0 0 0 1 1 1 1 0 0 1 1 0 0 1 1 1 1 ? 0 0 0 1 1 1 0 1 ? ? 1 1

Gelastocoris
rotundatus

1 0 0 1 0 1 1 1 1 0 0 1 1 0 0 1 1 1 1 1 0 0 1 1 1 1 0 1 1 0 1 0

Gelastocoris curiosus 1 0 0 0 0 1 1 1 1 0 0 1 1 0 ? 1 1 1 1 ? 0 0 1 1 1 1 0 1 1 0 1 1

Ochterus marginatus 1 1 0 1 1 0 1 1 1 0 0 0 1 0 1 1 0 1 0 0 2 1 1 1 1 1 1 0 1 1 1 1

Ocyochterus victor 1 1 0 1 1 0 1 1 1 0 0 1 1 0 1 1 1 1 0 0 2 1 1 1 1 1 1 0 1 1 1 1

Megochterus nasutus 1 1 1 1 1 1 1 1 1 0 0 1 1 0 1 1 0 1 0 0 2 1 1 1 1 1 1 0 1 1 1 0

Pristinochterus zhangi 1 1 1 0 1 0 0 ? 1 0 1 0 1 0 0 1 0 0 0 0 1 1 1 1 1 1 1 0 0 1 1 0

Pristinochterus ovatus 1 1 1 0 1 0 0 ? 1 0 1 0 1 0 0 1 0 0 0 0 1 1 1 1 1 1 1 0 0 1 1 0

Floricaudus
multilocellus

1 1 1 0 1 0 0 ? 1 0 1 0 1 1 0 1 0 1 0 0 1 1 1 1 1 1 1 0 0 1 1 0

Angulochterus
quatrimaculatus

1 1 1 1 1 0 0 ? 1 0 1 0 1 0 0 1 0 0 0 0 1 1 1 1 1 1 1 0 0 1 1 0

Riegerochterus baehri 1 1 0 - 1 0 1 1 1 0 1 1 1 0 1 1 1 1 0 0 2 1 1 1 1 1 1 0 1 1 1 1

Grimaldinia pronotalis 1 1 0 - 1 0 2 1 1 1 1 0 1 0 0 1 1 1 0 0 0 1 1 1 1 1 1 0 ? ? 1 1

Arcochterus fuscus
gen. et sp. n.

1 1 0 0 1 0 2 1 1 1 1 1 1 0 0 1 0 1 0 0 0 1 1 1 1 1 1 0 1 1 1 1

Parvochterus
reticulatus gen. et sp.
n.

1 1 0 0 1 0 2 1 1 1 1 0 1 1 0 1 0 1 0 0 0 1 1 1 1 1 1 0 1 1 1 1

Parvochterus
lanceolarus gen. et sp.
n.

1 1 0 0 1 0 2 1 1 1 1 0 1 1 0 1 0 1 0 0 0 1 1 1 1 1 1 0 1 1 1 1

Unknown data were assigned as “?” and inapplicable data as “-.”
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FIGURE 1 | The strict consensus tree for the analyzed Ochteridae: tree length = 53, consistency index (CI) = 0.64, retention index (RI) = 0.83. •, non-homoplastic
changes; ◦, homoplastic changes. The red numbers below the branches are Bremer support values (BS).

The results reconfirm the monophyly of Ochteroidea,
Ochteridae, and Gelastocoridae, consistent with most previous
studies (Rieger, 1976; Mahner, 1993; Hebsgaard et al., 2004; Li
et al., 2012, 2014; Ye et al., 2020). The monophyly of Ochteroidea
is supported by eight synapomorphies: clypeus divided by a
cross fold (character 1, state 1), ocelli present (character 8,
state 1), head and prothorax discretely (character 9, state 1),
propleuron undeveloped (character 13, state 1), metacoxae
short (character 24, state 1), metatibia without swimming hairs
(character 25, state 1), tarsal formula not 2:3:3 (character 26,
state 1), distal of sternum VII in males asymmetrical (character
29, state 1). The monophyly of Gelastocoridae is supported by
two synapomorphies: the surface of thorax and forewings with
wartlike sculpturation (character 19, state 1), tarsal formula: 1:2:3
(character 27, state 0). Ochteridae has 6 synapomorphies: clypeus
with a pattern of ridges (character 2, state 1), antennae short, but
visible dorsally, projecting (character 5, state 1), forewing with
spots (character 17, state 0), forelegs cursorial (character 22, state
1), tarsal formula 2:2:3 (character 28, state 0), abdominal sternum
VIII in males divided into two lobes (character 30, state 1).
The monophyly of Clade A is supported by one synapomorphic
character and two homoplastic characters: clavus not broad
(character 15, state 1) and clypeus distinctly transversely rugose
(character 4, state 1), rostrum generally extended beyond
metacoxae (character 21, state 2). Clade B and Clade C are the
sister group. Clade B is supported by one synapomorphy and
two homoplastic characters: rostrum extending beyond procoxae,

but never extended beyond metacoxae (character 21, state 1)
and frontal plate produced above the base of the rostrum
strongly (character 3, state 1), distal of sternum VII in males
symmetrical (character 29, state 0). Clade C is supported by
one synapomorphy and one homoplastic character: eye outer
margin exceeding pronotal costal margin distinct (character 10,
state 1) and body length less than 7 mm (character 32, state 2).
The taxonomic location of Grimaldinia pronotalis has long been
controversial (Popov and Heiss, 2014b; Schuh and Weirauch,
2020), but as shown according to our phylogenetic results,
this species has six synapomorphies of Ochteridae. Grimaldinia
with Arcochterus gen. nov. and Parvochterus gen. nov. as a
monophly form clade C.

Phylogenetic reconstruction indicates the length of the
rostrum has occurred at least three times independent transitions
from exceeding to procoxa to meso- and metacoxa during
the evolution of Ochteroidea: twice transitions occurred during
the evolution of Ochteridae, once transition in Gelastocoridae
(Figure 2). We hence conclude the different evolutionary trends
in the length of rostrum of two groups: in Ochteridae, it
gradually evolved from short to long, and in Gelastocoridae, more
representatives retain the ancestral form.

Systematic Paleontology
Suborder Heteroptera Latreille, 1810.

Infraorder Nepomorpha Popov, 1968.
Superfamily Ochteroidea Kirkaldy, 1906.
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FIGURE 2 | Ancestral state reconstruction of the rostrum length of Ochteridae.

Family Ochteridae Kirkaldy, 1906.
Genus Arcochterus Zhang, Ren and Yao gen. nov.
Type species: Arcochterus fuscus Zhang, Ren and Yao sp.

nov. (Figure 3).
Included species: Arcochterus fuscus Zhang, Ren

and Yao sp. nov.
Etymology: The generic name is a combination of the

Latin “arcus” (arch) and “ochterus” (type genera of Ochteridae)
because the forewings costal margin with one-row arch cells.
Gender: masculine.

Diagnosis: Eyes reniform. Two distal segments of antennae
are longer than two basal segments (Figures 3C,E). Rostrum 4-
segmented, short, reaching to procoxae, segment III in length
subequal to segment IV (Figures 3C,F). Outer margins of the
pronotum strongly explanate, the extended part wider than the
eyes in width. Scutellum longer than pronotum at midline. Clavus
broad, about two-thirds as long as forewing, with a long anal vein.
Claval commissure is subequal to scutellum in length. Forewing
with median fracture and deep costal fracture, costal fracture

length about one-third of forewing width, rest of costal margins
with over 20 cells (Figures 3A,D). SC curved, fused with C at
one fifth basally, C reaching forewing apex. Tibia with dense,
thin setae, and stout spines. Male abdominal sternum VI arched,
sternum VII and VIII split into two large asymmetrical lobes
(Figures 3G,H).

Remarks: The new genus is assigned to Ochteridae based on
the following shared characters: body ovoid; eyes large, with inner
margins emarginated; ocelli present; antennae 4-segmented,
partially visible dorsally; tarsal formula 2-2-3; abdominal end of
male asymmetrical.

Arcochterus gen. nov. can be distinguished from the same
locality extinct genus Grimaldinia Popov and Heiss, 2014b,
by the following characters: antennae distal three segments
slender (vs. segment III larger than segments I and II); rostrum
4-segmented (vs. rostrum 3-segmented); pronotum anterior
margins concave (vs. pronotum anterior margin convex); portion
of mesoscutum invisible (vs. portion of mesoscutum visible);
claval commissure subequal to scutellum length (vs. claval
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FIGURE 3 | Arcochterus fuscus gen. et sp. nov., holotype, CNU-HET-MA2015003, male. (A) photograph in dorsal view; (B) photograph in ventral view; (C) rostrum;
(D) line drawing habitus in dorsal view; (E) antenna, outline; (F) rostrum, outline; (G) abdomen apex; (H) abdomen apex, outline; (I) legs, outline. fl, foreleg; hl,
hindleg; l, labrum; ls I-IV, labial segment I to IV; ml, midleg; pyg, pygophore; s I-IV, segment I to IV; st VI-VIII, sternum of segments VI to VIII. Scale bars: panels
(A,B,D,I) = 0.5 mm, panels (C,F) = 0.1 mm, panels (E,G,H) = 0.2 mm.

commissure insignificantly longer than scutellum length), clavus
with a long anal vein (vs. clavus without vein); forewing with deep
costal fracture (vs. costal fracture short), costal margin with two
spots (vs. costal margin without spots); forewing with more than
20 serried cells (vs. forewing with 4 larger elongate and 2 smaller
round cells).

Arcochterus fuscus Zhang, Ren and Yao sp. nov. (Figure 3).
Etymology: The new specific name is from a Latin “fuscus”

(fuscous), referring to the particularly deep black presented by
the dorsal view. Gender: masculine.

Material: Holotype, CNU-HET-MA2015001 (male), a well-
persevered specimen.

Distribution: Hukawng Valley, Kachin State, Northern
Myanmar (mid-Cretaceous amber: one species).

Diagnosis: Body length is about 5.50 mm, about 1.86
times as long as the width. Body dorsally very dark brown.
Head width about half as long as body width. Antennae
segment IV longest, subequal to segment III (Figures 3C,E).
Rostrum segment I shortest, segment III subequal in length
to segment IV (Figures 3C,F). Scutellum length and width
almost equal. Clavus width 0.56 times as long as scutellum,

with one anal vein. Costal fracture slender and straight.
Medial fractures length about one-third of forewing. Basal
of costal margins with two large and transparent spots.
Profemur longer than mesofemur. Protibia longer than
mesotibia. Pro- and mesotibia with few spurs; metatibia
with two-row spurs and long setae dorsally, apex with a
row of spines around (Figures 3B,I). Male abdomen apex
covered by forewing. Sternum VI-VIII with densely and
thin setae. The lobe in sternum VIII lager than sternum VII
(Figures 3G,H).

Description: Body dorso-ventrally flattened with dense small
points, without spines and setae. Surface except for head
densely punctate.

Head broad, about 2.33 times as wide as long. Eyes
large, smallest interocular distance 0.44 times of head width,
prominent, with inner margins emarginated lightly and eyes
stylate small. Ocelli separate, width of ocellus subequal to length
of ocelli to eyes. Frontal plate declivent, not protruded anteriorly.
Clypeus with pattern of ridges and divided by a cross fold
and without distinct transverse wrinkles. Antennae 4-segmented,
with dense setae, inserted below eyes, only segment IV partly
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visible in dorsal view; three distal segments of antennae slender,
segment III twice as long as segment II, segment IV longest
and subequal in length to segments II and III. Rostrum 4-
segmented, short, reaching to procoxae, segment I shortest,
segment III longest, segment III and segment IV almost equal
length, segment III dark color.

Pronotum strongly transverse, 2.80 times as wide as long,
moderately punctured. Anterior margin emarginate. Lateral
margins attenuated, and widely rounded. Posterior margin
strongly convex at the middle. Scutellum triangular, 1.15 times
as wide as long, anterior margin slightly convex, elevated weakly
baso-medially, tip pointed, punctured.

Forewings macropterous, in dark color, produced laterally and
posteriorly over abdomen, with punctateed surface. Forewing
2.23 times as long as wide, nearly 0.72 times as long as body.
Clavus wide and large, with claval suture distinct. Costal fracture
extension line not reaching median fracture. Narrow membrane
of right forewing overlapping left one.

Legs all walking legs and profemur strong. All legs surface
densely setae. Tarsus with two curved claws, two setiform
parempodium. Pro- and mesofemora with long setae, without
spines; Pro- and mesotibia clavate, with some long spines and
short spines mixed; tarsi two segments with some spines and long
setae, segment I short. Metafemora thick and strong; tarsi three
segments with long setae, segment I shortest, segment II subequal
to segment III in length, tip of segment II with a row of spines.

Abdomen apex covered by forewing, abdominal segment VI
bent, sternum VII and VIII divided into two independent plates,
slightly stout, asymmetrical, with long setae. Sternum VII and
VIII slightly smaller and subequal in length.

Dimensions (in mm): Body length 5.45, width 2.92; head
length 0.66, width 1.54; antennae length 0.80 (I 0.07, II 0.11, III
0.26, IV 0.36); eye length 0.67, diameter of eye 0.31, interocular
space 0.68; interocellar space 0.32; rostrum length 0.52, segment
I 0.05, II 0.10, III 0.19, IV 0.18; pronotum length 0.83, width 2.32;
scutellum length 1.00, width 1.15; hemelytron length 3.92, width
1.76; clavus length 2.62 width 0.56; abdomen width 1.83; length
of foreleg: femur 1.52, tibia 0.91, tarsi 0.32 (I 0.06, II 0.26), claw
0.15; length of midleg: femur 1.36, tibia 1.12, tarsi 0.34 (I 0.05,
II 0.29), claw 0.12; length of hindleg: femur 1.83, tibia 2.19, tarsi
0.82 (I 0.11, II 0.39, III 0.32), claw 0.15.

Genus Parvochterus Zhang, Ren and Yao gen. nov.
Type species: Parvochterus reticulatus Zhang, Ren and Yao sp.

nov. (Figures 4, 5).
Included species: Parvochterus reticulatus Zhang, Ren and

Yao sp. nov., and P. lanceolarus Zhang, Ren and Yao sp.
nov. (Figure 6).

Etymology: The generic name is a combination of the
Latin “parv-”(small) and “ochterus” (type genera of Ochteridae)
because the shape of scutellum is significantly smaller than the
others. Gender: masculine.

Diagnosis: Head anterior margin emarginated. Eyes oblong,
mesal margin emarginate lightly. Antennae segment IV length
longer than segment III, segment III length subequal to segment
I and segment II (Figures 5D,G). Rostrum 4-segmented, short,
reaching to procoxae, segment III longer than segment IV
(Figures 5E,F). Pronotum anterior margin depressed, outer

margins explanate part in width narrower than width of an eye.
Scutellum small, away from pronotum, shorter than pronotum
in length at midline. Clavus broad, width subequal to scutellum
length, length about 0.50 times as long as forewing. Claval
commissure length longer than scutellum. Forewing SC arcuate,
fused with C one fifth basally, with costal fracture and medial
fracture. Membrane without cells. Pronotum, scutellum, and
forewing with silvery-white spots. Tibia with stout spines and
long setae. Femur apex with 1–2 spines. Profemur sturdy.
Abdominal sterna VI sinuate; male abdominal sternum VII
and VIII subdivided into two separate asymmetrical plates
(Figures 5A,H,J).

Remarks: Parvochterus gen. nov. resembles Arcochterus gen.
nov., for example the rostrum 4-segmented, short, reaching to
procoxae; clavus broad; forewing SC arcuate, fused with C, with
costal fracture and medial fracture; tibia with spines and setae.
abdominal sterna VI sinuate; male abdominal sternum VII and
VIII subdivided into two separate asymmetrical plates. The main
differences between Parvochterus gen. nov. and Arcochterus gen.
nov. are eyes oblong (vs. eyes reniform); rostrum segment length
longer than segment IV (vs. rostrum segment III length subequal
to segment IV); pronotum outer margins explanate part in width
narrower than width of an eye (vs. pronotum extended part
in width wider than width of an eye); scutellum small, shorter
than pronotum in length at midline (vs. scutellum longer than
pronotum at midline); forewings without cells (vs. forewings over
20 cells); Pronotum, scutellum, and forewing with silvery-white
spots (vs. pronotum, scutellum, and forewing without spots);
femur apex with 1–2 spines (vs. femur apex without spines).

Parvochterus reticulatus Zhang, Ren and Yao sp. nov.
(Figures 4, 5).

Etymology: The new specific name is from a Latin word
“reticulatus” (reticular), referring to the surface of hemelytron
with many reticular punctuations. Gender: masculine.

Material: Holotype, CNU-HET-MA2015002 (male); allotype,
CNU-HET-MA2015003 (female); paratype, CNU-HET-
MA2015005 (male); three well-persevered specimens, the
holotype and allotype in the same amber.

Distribution: Hukawng Valley, Kachin State, Northern
Myanmar (mid-Cretaceous amber: one species).

Diagnosis: Antennae apical two segments slender, segment
II expanded apically. Rostrum segment II shortest, segment III
longest (Figure 5C–F). Pronotum with seven spots in male, and
four spots in female. Scutellum with two spots. Forewings with
two larger and four smaller ellipse silvery-white spots, clavus with
two round silvery-white spots on both sides of anal vein, costal
margins with six transparent spots. Costal fracture arched. Medial
fractures extension and costal fracture without connection. Fore
wing costal margin with dense protrusion notches like tiny grids.
Protibia with dense long hairs. Metatibia with two-row thorns
and one row of long hairs on each side. Male abdominal segments
VII and VIII exposed in dorsal view, sternum VII plates slightly
thinner, sternum VIII slightly expanded, with dense long hairs.
Female abdomen apex covered by forewings.

Description: Male. Body small-sized, ovoid, about 3.38 mm,
1.92 times as long as wide, dorso-ventrally flattened with dense
points, without spines and setae.
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FIGURE 4 | Parvochterus reticulatus gen. et sp. nov. (A) holotype, CNU-HET-MA2015001, male, Line drawing habitus in dorsal view; (B) allotype,
CNU-HET-MA2015002, female, Line drawing habitus in dorsal view; (C) holotype (upper), allotype (lower), photograph in dorsal view; (D) holotype, photograph in
ventral view; (E) allotype, photograph in ventral view. Scale bars: 0.5 mm.

Head broad, about 3.08 times as wide as long. Eyes large,
ellipse porrect, smallest interocular distance 0.47 times head
width, with eyes stylate. Ocelli small, widely separated, close to
eyes. Frontal plate declivent, not protruded anteriorly. Clypeus
with a pattern of ridges and divided by a cross fold, anterior
margin concave. Antennae 4-segmented, segment IV 1.33 times
longer than segment III, apical two segments thicker than basal
two segments, with dense setae, inserted below eyes, only segment
IV partly visible in dorsal view. Labrum small triangle with dense
setae, reaching to base of rostrum. Rostrum 4-segmented, short
and stout, reaching to procoxae, segment I shortest, segment III
1.8 times longer than segment IV, segment IV dark color.

Pronotum strongly transverse, 3.33 times as wide as long at
middle, moderately punctured, with 7 spots. Anterior margin
emarginated lightly, posterior margin strongly convex at middle.
Scutellum triangular, with two large and silvery-white spots,
anterior margin convex, elevated weakly baso-medially, tip
blunt, punctured.

Forewings macropterous or submacropterous, surface
punctate. Forewing 2.06 times as long as wide, nearly 0.65
times as long as body. Clavus wide and large, with distinct vein

penetration, with two spots on each side. Claval commissure,
length longer than scutellum length. Costal fracture present,
extension line reaching nearly to median fracture. Narrow
membrane of right forewing overlapping left one.

Legs all walking legs. Procoxae close to mesocoxae, mesocoxae
apart from metacoxae. Metafemora are longer than mesofemora
and mesofemora longer than profemora. Tarsus with two curved
claws and two setiform parempodium. Pro- and mesofemur
stout. Protibia clavate with some rows of spines and dense
short hairs. Pro- and mesotibia shorter than femur. Pro- and
mesotarsi 2-segmented without spines and hair. Metatibia longer
than others tibia, longer than metafemur, with some rows of
short to long thin spines and long setae. Metatarsi 3-segmented,
segment I shortest, other segments equal length, with hairs
and short setae.

Male abdomen apex exceeding forewings submacropterous,
not over macropterous, with seven visible segments, abdominal
segments V-VI sinuate, segments VII and VIII divided into
two long independent plates, asymmetrical, with dense long
hairs. Pygophore with long hairs. Segment VII in length
subequal to VIII.
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FIGURE 5 | Parvochterus reticulatus gen. et sp. nov. (A) paratype, CNU-HET-MA2015005, male, photograph in ventral view. (B) Line drawing habitus in ventral
view. (C) holotype, rostrum; (D) allotype, rostrum, and antenna. (E) holotype, rostrum, outline. (F) allotype, rostrum, outline. (G) allotype, antenna, outline. (H)
holotype, abdomen apex. (I) allotype, abdomen apex. (J) holotype, abdomen apex, outline. (K) allotype, abdomen apex, outline. fl, foreleg; hl, hindleg; l, labrum; ls
I-IV, labial segment I to IV; ml, midleg; ovp, ovipositor; pyg, pygophore; s I-IV, segment I to IV; st VI-VIII, sternum of segments VI to VIII. Scale bars: panels
(A,B) = 0.5 mm, panels (C,D,G–K) = 0.2 mm, panels (E,F) = 0.1 mm.

Female. The structure and color similar to male, differences:
body size of male is larger than female, but female abdomen width
is longer than male; male hind femora are longer than middle
femora, and middle femora longer than profemora, however,
female has three pairs of similar length femora. Abdomen
covered by forewings, sternum VII posterior margin strongly
hollow, with dense setae, and ovipositor long, exceeding to last
abdominal segment.

Dimensions (in mm): Male: body length 4.16, width 2.16; head
length 0.48, width 1.48; eye length 0.63, diameter of eye 0.29,
interocular space 0.70; interocellar space 0.39; rostrum length
0.58 (I 0.15, II 0.10, III 0.18, IV 0.15); pronotum length 0.55,
width 1.83; scutellum length 0.53, width 0.95; hemelytron length
2.72, width 1.32; clavus length 1.53, width 0.45; abdomen width
1.63; length of foreleg: femur 1.01, tibia 0.60, tarsi 0.28 (I 0.06,
II 0.22),claw 0.15; length of midleg: femur 1.10, tibia 0.81, tarsi
0.36 (I 0.08, II 0.28), claw 0.13; length of hindleg: femur 1.45, tibia
1.71, tarsi 0.63 (I 0.10, II 0.31, III 0.23), claw 0.12. Female: body
length 3.38, width 2.06; head length 0.43, width 1.52; eye length
0.54, diameter of eyes 0.27, interocular space 0.67; interocellar

space 0.39; antennae length 0.60 (I 0.07, II 0.15, III 0.21, IV
0.38); rostrum length 0.51 (I 0.15, II 0.07, III 0.17, IV 0.12);
pronotum length 0.55, width 1.70; scutellum length 0.40, width
0.78; hemelytron length 2.36, width 0.95; clavus length 1.24, width
0.41; abdomen width 1.76; length of foreleg: femur 0.90, tibia
0.64, tarsi 0.22 (I 0.08, II 0.14), claw 0.15; length of midleg:
femur 0.95, tibia 0.72, tarsi 0.27 (I 0.05, II 0.22), claw 0.11; length
of hindleg: femur 1.62, tibia 1.64, tarsi 0.64 (I 0.08, II 0.29, III
0.27), claw 0.12.

Parvochterus lanceolarus Zhang, Ren and Yao sp.
nov. (Figure 6).

Etymology: The new specific name is from the Latin word
“lanceolarus” (lanceolar) by forming two lanceolar bulges with
anterior margin of the pronotum. Gender: masculine.

Material: Holotype, CNU-HET-MA-2015003 (male), a well-
persevered specimen.

Distribution: Hukawng Valley, Kachin State, Northern
Myanmar (mid-Cretaceous amber: one species).

Diagnosis: Rostrum segment I shortest, segment III and
segment IV almost equal length (Figures 6E,F). Pronotum with
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FIGURE 6 | Parvochterus lanceolarus gen. et sp. nov., Holotype, CNU-HET-MA2015004, ♂. (A) photograph in dorsal view; (B) photograph in ventral view; (C)
photograph in lateral view; (D) line drawing habitus in dorsal view; (E) rostrum; (F) rostrum, outline; (G) abdomen; (H) legs, outline; (I) abdomen, outline. fl, foreleg; hl,
hindleg; l, labrum; ls I-IV, labial segment I to IV; ml, midleg; pyg, pygophore; st VI-VIII, sternum of segments VI to VIII. Scale bars: panels (A–D,I) = 0.5 mm, panels
(E,F) = 0.1 mm, panels (G,H) = 0.2 mm.

3 spots. Scutellum with 2 spots. Clavus wide, with 2 spots
on anal vein side, claval commissure longer than scutellum.
Forewing costal margin with 6 transparent spots, membrane
without cells. Costal fracture short and straight, about one-
fifth of forewing width, medial fractures long, about two-fifth
of forewing length, far from costal fracture. Protibia with dense
long hairs; mesotibia latter part gradually coarsens with long
setae and apical spines; metabiba with long setae and long,
bent and rigidity spines; mesotarsi with two straight claws;

metatarsi with two curved claws, with long setae and a row of
spines (Figures 6B,C,H). Abdomen apex covered by forewings,
sternum IV-VI bent strongly, sternum VII and VIII significantly
reduced and retracted into sternum VI, divided into two
independent plates, slightly stout, asymmetrical, with long setae
(Figures 6G,I).

Description: Small size, ovoid, about 3.82 mm, about 1.80
times as long as wide. Body dorso-ventrally flattened with dense
points, without spines and setae.
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Head broad, about 3.14 times as wide as long. Eyes
large, inner margins emarginated lightly, stylate smaller,
smallest interocular distance 0.43 times of head width.
Ocelli small, widely separated, close to eyes. Frontal plate
declivent, not protruded anteriorly. Clypeus with pattern of
ridges and divided by a cross fold. Antennae 4-segmented,
slender and short, surface densely setae, inserted below eyes,
only segment IV partly visible in dorsal view, fusiformis.
Rostrum 4-segmented, short, reaching to procoxae, segment
I shortest, segment III segment III longest, and segment IV
almost equal length, about 2 times longer than segment I,
segment IV dark color.

Pronotum strongly transverse, 2.38 times as wide as long
at middle, moderately punctured; Anterior margin concave
with two lanceolar bulges, Lateral margins flimsy and widely
rounded, Posterior margin strongly convex at middle. Scutellum
triangular, with one large marking on each side, anterior
margin slightly convex, elevated weakly baso-medially, tip
blunt, punctured.

Forewings macropterous, dark color, produced laterally
and posteriorly over abdomen, surface punctate. Forewing
2.05 times as long as wide, nearly 0.68 times as
long as body. Clavus wide and large, with distinct
anal vein and claval suture. Claval commissure not
straight, longer than scutellum length. Costal fracture
obvious, median fracture extension line without gear
into Costal fracture. Narrow membrane of right forewing
overlapping left one.

Legs all walking legs. All legs with dense setae. Tarsus with
two claws, two setiform parempodium. Metafemur sturdy, with
some thin spines and long setae; protibia clavate, with some
rows of spines; protarsus 2-segmented, with some spines and
long setae, and with two curved claws. Mesotibia latter part
gradually coarsens with long setae. Mesotarsi with two straight
claws. Metatarsi with two curved claws.

Abdomen apex covered by forewings, sternum VII and VIII
significantly reduced and retracted into sternum VI, divided into
two long independent plates, slightly stout, asymmetrical, with
dense long setae. Sternum VII longer than VIII.

Dimensions (in mm): Male: body length 3.82, width 2.03; head
length 0.43, width 1.35; eye length 0.50, diameter of eyes 0.25,
interocular space 0.58; interocellar space 0.28; antennae length,
segment I ?, II ?, III ?, IV 0.32; rostrum length 0.46, segment I
0.08, II 0.13, III 0.14, IV 0.11; pronotum length 0.70, width 1.65;
scutellum length 0.58, width 0.77; hemelytron length 2.61, width

1.27; clavus length 1.45 width 0.38; abdomen width 1.76; length
of foreleg: femur 0.61, tibia 0.52, tarsi 0.30 (I 0.09, II 0.21), claw
0.12; length of midleg: femur 0.94, tibia 0.70, tarsi 0.33 (I 0.08,
II 0.25), claw 0.12; length of hindleg: femur 1.11, tibia 1.48, tarsi
0.82 (I 0.11, II 0.39, III 0.32), claw 0.15.
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APPENDIX

Appendix 1 Character states.
A description of the 32 morphological characters compiled from literature sources.

1. Clypeus: (0) not so modified; (1) divided by a cross fold (Hebsgaard et al., 2004). State 1 occurs only in Ochteridae
and Gelastocoridae.

2. Clypeus: (0) without such pattern; (1) with pattern of ridges (Hebsgaard et al., 2004). State 1 occurs only in Ochteridae.
3. Frontal plate produced above base of rostrum: (0) slightly; (1) strongly (Yao et al., 2011). All of the Mesozoic fossils with broad

frontal plate, sides subparallel.
4. Clypeus: (0) not transversely rugose; (1) distinctly transversely rugose (Yao et al., 2011). The transversely rugose clypeus is

relatively common in all extant Ochteridae. In all fossil taxa and outgroup, this trait only occurs in Angulochterus.
5. Antennae: (0) short, not visible from above; (1) short, visible dorsally, projecting; (2) long (Hebsgaard et al., 2004; Yao et al.,

2011). Antennal apex visible in dorsal is only found in Ochteridae.
6. Antennal segment IV: (0) normal; (1) broad (Hebsgaard et al., 2004). Antennal segment IV broad occurs only in Gelastocoridae.
7. Eye: (0) without eyestalk; (1) reniform, with distinct eyestalk; (2) ellipse, with small eyestalk (Henry, 1997). Eye without eyestalk

occurs only in the Early Cretaceous species, the remaining Ochteridae with eyestalk, but the mid-Cretaceous Ochteridae with
small eyestalk and eye ellipse, the extent Ochteridae and Riegerochterus baehri with distinct eyestalk.

8. Ocelli: (0) absent; (1) present (Hebsgaard et al., 2004). Ocelli absence occurs in the outgroup and the Early
Cretaceous Ochteridae.

9. Head and prothorax: (0) tight junction; (1) discretely (Hebsgaard et al., 2004). Head and prothorax tight junction occur only
in the outgroup.

10. Eye outer margin exceeding pronotal costal margin: (0) not obvious; (1) distinct. Eye outer margin exceeding pronotal costal
margin is only found in the mid-Cretaceous Ochteridae.

11. Pronotum: (0) with transverse sulcus; (1) without transverse sulcus (Yao et al., 2011). The pronotum with transverse sulcus
is the common condition in the outgroup and is also found in all extant Ochteridae. Whereas transverse sulci are absent in
all fossil taxa.

12. Pronotum: (0) with spots; (1) without spots (Yao et al., 2011). In the extent and the mid-Cretaceous Ochteridae, spots on the
Pronotum can be treated as being different between species.

13. Propleuron: (0) developed; (1) simple (Hebsgaard et al., 2004). Propleuron undeveloped occurs in the Ochteridae
and Gelastocoridae.

14. Scutellum: (0) without spots; (1) with spots (Yao et al., 2011). Only Floricaudus multilocellus, Parvochterus reticulatus gen. et sp.
nov., and P. lanceolarus gen. et sp. nov., spots on the Scutellum can be treated as being different from other species.

15. Clavus: (0) broad; (1) normal. The broad clavus occurs only in the mid-Cretaceous Ochteridae.
16. Forewing: (0) with thorny fields (“Dornfelder”); (1) without thorny fields (Hebsgaard et al., 2004). Forewing with thorny fields

occurs only in the Belostomatidae.
17. Forewing: (0) with spots; (1) without spots (Yao et al., 2011). Forewing without spots is usually found in the outgroup,

Ocyochterus victor, Riegerochterus baehri, Grimaldinia pronotalis and Parvochterus gen. nov. have some different pattern spots
on the forewings.

18. Costal fracture: (0) absent; (1) present (Yao et al., 2011). Forewing with distinct costal fracture is a very stable character in extant
velvety shore bugs.

19. Surface of thorax and forewings: (0) smooth; (1) with wartlike sculpturation (Hebsgaard et al., 2004). Surface of thorax and fore
wings with wartlike sculpturation occurs only in the Gelastocoridae.

20. Rostrum: (0) inserted distally on head; (1) inserted posteriorly on head (Hebsgaard et al., 2004). Rostrum inserted distally on
head occurs only in the Gelastocoris.

21. Rostrum: (0) short, only reaching beyond procoxae; (1) extending beyond procoxae, but never extended beyond metacoxae;
(2) generally extended beyond metacoxae (Yao et al., 2011). The short rostrum occurs in the mid-Cretaceous Ochterids and
outgroup, which is assigned as a plesiomorphy. State 1 occurs only in Early Cretaceous fossils. State 2 occurs in all extant
Ochteridae and Riegerochterus.

22. Forelegs: (0) raptorial; (1) cursorial (Hebsgaard et al., 2004; Yao et al., 2011). Raptorial forelegs are only found in the outgroup
and Gelastocoridae.

23. Protarsus and protibia: (0) fused; (1) normal (Schuh and Weirauch, 2020: ha 24). Foretarsus and foretibia fused are found in the
Naucoridae and Nerthra.

24. Metacoxae: (0) conical, firmly united with metapleuron; (1) short, free (Hebsgaard et al., 2004). Metacoxae conical and firmly
united with metapleuron occur in the Belostomatidae.

25. Metatibia: (0) flattened, with swimming hairs; (1) simple (Hebsgaard et al., 2004). Hind tibiae flattened with swimming hairs
occurs in the Belostomatidae.
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26. Tarsal formula: (0) 2:3:3; (1) different (Yao et al., 2011). Naucoridae and Belostomatidae with 2-3-3 tarsal formula.
27. Tarsal formula: (0) 1:2:3; (1) different (Yao et al., 2011). Gelastocoridae with 1-2-3 tarsal formula.
28. Tarsal formula: (0) 2:2:3; (1) different (Yao et al., 2011). Ochteridae with 2-2-3 tarsal formula.
29. Distal sternum VII in males: (0) symmetrical; (1) asymmetrical (Yao et al., 2011). Asymmetry of distal segment VII in males is

found in all extant Ochteridae and Gelastocoridae. In our fossils, we found mid-Cretaceous Ochteridae with this character.
30. Sternum VIII in males: (0) undivided; (1) split into two lobes (Yao et al., 2011). Sternum VIII undivided in males is only found

in the outgroup.
31. Respiratory siphon: (0) present; (1) absent (Hebsgaard et al., 2004; Yao et al., 2011). The respiratory siphon only

occurs in Belostoma.
32. Body length: (0) over 7 mm; (1) less than 7 mm (Yao et al., 2011). The body length over 7 mm is only found in all extinct

Ochteridae from Early Cretaceous and extant Megochterus. The longer bodies in the Early Cretaceous are the same as the
outgroup taxa, as a plesiomorphy in Ochteri dae.
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