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Abstract

The Lancepyrinae are an extinct subfamily of Bethylidae known exclusively from Cretaceous amber deposits of Lebanon, Spain,
Taimyr and Myanmar. In this study, we describe and illustrate four new genera and five new species of lancepyrine wasps from the
Albian of Hkamti and late Albian-early Cenomanian of Kachin (Myanmar): Azepyris delamarrei gen. et sp. nov., Burmapyris ohm-
kuhnlei sp. nov., Gwesped groehni gen. et sp. nov., Paralanceis chotardi gen. et sp. nov. and Yunbayin rossei gen. et sp. nov. These
taxa not only highlight the taxonomic diversity of the Lancepyrinae during the mid-Cretaceous but they also reveal the morphological
disparity of the subfamily. To establish the phylogenetic relationships of these fossils and to check the monophyly of the Lancepy-
rinae, we add them to a pre-existing morphological matrix and perform a cladistic analysis. We retrieve the subfamily as poorly
supported yet monophyletic, with the newly described taxa deeply nested in it. A key to the genera of Lancepyrinae is provided.
Finally, we erect the subfamily Cretabythinae subfam. nov. for the genera Cretabythus Evans, 1973, Holopsenelliscus Engel, 2019
and Megalopsenella Jouault et al., 2020 as no taxonomic treatment has been provided for these taxa after the transfer of Holopsenella
Engel et al., 2016 as Aculeata incertae sedis.
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1. Introduction

With no less than 2900 extant species, whose biology is  cal times, with more than 100 species documented from
assumed to be parasitic on lepidopteran and coleopteran ~ compressions, copal and amber deposits ranging from the
larvae, the Bethylidae are the largest family within the = Holocene to the Early Cretaceous (e.g., Martynova et al.
Chrysidoidea (Evans 1964; Azevedo et al. 2018, 2019).  2019; Colombo and Azevedo 2021; Colombo et al. 2021a,
This great diversity is also witnessed through geologi- 2021b). However, despite a fossil record spanning a 130
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million year-long evolutionary history, the corresponding
geological periods have been studied differently. Until the
2010s, the majority of species was described from Ceno-
zoic deposits (lower Eocene French, upper Eocene Baltic,
Miocene Dominican ambers) whereas the renewed inter-
est in Cretaceous Bethylidae is more recent (e.g., Azevedo
and Azar 2012; Ortega-Blanco and Engel 2013; McKellar
and Engel 2014; Jouault et al. 2020). These studies have
highlighted a fairly high diversity of fossil bethylids—es-
pecially from the Cretaceous deposits of Myanmar—and
have revealed the existence of extinct lineages such as the
Lancepyrinae. Known exclusively from the Cretaceous,
this subfamily was erected in 2012 based on an individu-
al from Early Cretaceous Lebanese amber with a curious
combination of characters of Bethylinae, Pristocerinae
and Epyrinae (Azevedo and Azar 2012). Named Lan-
cepyris Azevedo and Azar, 2012, it was, and still is, the
oldest known bethylid wasp. Subsequently, a few newly
or previously described taxa have been assigned to this
subfamily: from Albian Spanish amber (Ortega-Blanco
and Engel 2013), Cenomanian Burmese amber (Engel et
al. 2016; Jouault et al. 2021), and from Santonian Taimyr
amber (Evans 1973, transferred to Lancepyrinae by En-
gel et al. 2016). With the presence of Lancepyrinae re-
vealed in Burmese amber, a paleobiogeographic scenario
was proposed for the Bethylidae, with an origin dating
back to the earliest Cretaceous and more probably to the
Late Jurassic, before the Burma Terrane broke away from
East Gondwana (Jouault et al. 2021). The subfamily was
also studied phylogenetically and, interestingly, was not
retrieved as the sister-group of other bethylids, a position
occupied by Bethylinae (Azevedo and Azar 2012), Lan-
cepyrinae being sister to the remaining subfamilies. A
similar position was found by Colombo et al. (2020), but
with the Holopsenellinae diverging first, while Jouault et
al. (2021) grouped them with Protopristocerinae to form
a clade sister to (Scleroderminae + (Epyrinae + (Pristoce-
rinae + Mesitiinae))). The exact position of Lancepyrinae
is yet to be determined, but authors agree that they are not
the sister-group of the other bethylids. This implies that at
least two subfamilies of Bethylidae had already diverged
by the Early Cretaceous and provides paths of inquiry and
calibration points for future analyses that aim to estimate
divergence times of bethylid lineages.

In this paper, we report and describe various new gen-
era and species of Lancepyrinae from mid-Cretaceous
Burmese amber, and we explore the monophyly of the
subfamily. We also present an illustrated key to the gen-
era of Lancepyrinae.

2. Material and methods

2.1. Amber specimens

Three of the amber pieces studied herein originated from
the deposits of Noije Bum, in the Hukawng Valley of
Kachin State, northern Myanmar (see map in Grimal-

di et al. 2002: fig. 1). Radiometric data and taphonomic
analysis of pholadids established an early Cenomanian
age (98.79 £ 0.62 Ma) for Kachin amber, based on zir-
cons from volcanic clasts found within the amber-bear-
ing sediments (Shi et al. 2012; Smith and Ross 2017).
Some ammonites found in the amber-bearing bed and
within amber corroborate a late Albian-early Ceno-
manian age (Cruickshank and Ko 2003; Yu et al. 2019).
Three other amber pieces originated from the deposits of
Hkamti site, Hkamti district, Sagaing Region, Myanmar
(see map in Zheng et al. 2018: supplementary figure 2).
Radiometric data established an early Albian age (109.7
+ 0.4 Ma) for Hkamti amber, whose biota is still largely
unknown.

Specimen IGR.BU-062 was acquired by one of us
(V.P.). Specimens IGR.BU-060 and IGR.BU-063 were
donated by Dr Christoph Ohm-Kiihnle (Herrenberg, Ger-
many) and specimen IGR.BU-061 by Corentin Jouault
(MNHN, Paris, France) to the Geology Department and
Museum of the University of Rennes, France (IGR). This
material is housed in the amber collection of the IGR.
Specimen GPIH.5058 (CCGG n°11341) was loaned for
study by Carsten Grohn (Glinde, Germany) and is depos-
ited in the amber collection of the Leibniz Institute for
the Analysis of Biodiversity Change, Hamburg, Germany
(GPIH, Carsten Grohn coll. CCGG). Specimen SNHM-
6001 was loaned by Patrick Miiller (Zweibriicken, Ger-
many) and is deposited in the paleontological collection
of the Staatliches Naturhistorisches Museum Braunsch-
weig, Germany (SNHM).

2.2. Examination and imaging

The amber pieces have been trimmed and polished to
facilitate the observation of the specimens, using thin
silicon carbide papers on a grinder polisher (Buehler
MetaServ 3000). Observations and photographs were
conducted with a Leica DMC4500 camera attached to
a Leica M205C stereomicroscope. All images are digi-
tally stacked photomicrographic composites of several
focal planes, which were obtained using Helicon Focus
6.7. Adobe Illustrator CC2019 and Photoshop CC2019
software were used to compose the figures and Imagel
1.53 for measurements (Schneider et al. 2012). Habitus
or details of the body have been redrawn digitally from
drawings made with a camera lucida attached to the ste-
reomicroscope.

2.3. Terminology and measurements

The description of the characters follows the nomencla-
ture of Lanes et al. (2020) except the fore wing venation
that follows Azevedo et al. (2018) and the description of
surface sculpturing that follows Harris (1979). Abbrevi-
ations of wing veins and cells are used as follows: [C]
= costal cell; [R] = radial cell; [1Cu] = first cubital cell;
[1R1] = first radial cell; [1M] = first medial cell; [2Cu] =
second cubital cell; [2R1] = second radial cell; C = costal
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vein; SctR = subcostal + radial vein; M+Cu = median +
cubital vein; A = anal vein; 1Rs = first abscissa of radial
sector; 1M = first abscissa of median vein; 1Cu = first
abscissa of cubital vein; 2Cu = second abscissa of cubital
vein; m-cu = medio-cubital vein; cu-a = cubito-anal vein;
Rs+M = radial sector + median vein; 2r-rs&Rs = second
radial cross and radial sector; R1 = poststigmal abscissa
of radial 1 vein. Main measurements and indices used are
as follows: DAO = maximum diameter of anterior ocel-
lus; HE = maximum width of eye in lateral view; LFW =
maximum length of fore wing from apex of axillary scler-
ite to wing apex; LH = length of head capsule excluding
mandibles, measured from posteriormost point of vertex to
anteriormost point of clypeus; OOL = ocello-ocular line,
minimum length from posterior ocellus to ocular margin;
VOL = vertex-ocular line, minimum length from vertex
posterior margin to posteriormost eye margin, measured
in lateral view; WF = width of frons measured in dorsal
view; WH = width of head measured immediately behind
eyes in dorsal view; WOT = maximum width of ocellar
triangle, measured in dorsal view. This published work
and its new nomenclatural acts are registered in ZooBank
with the following LSID (reference): urn:lsid:zoobank.
org:pub:0C2444B0-ECFB-4A22-ACF6-F2ACECOD-
DCDF

2.4. Phylogenetic analysis

In order to test the monophyly of the Lancepyrinae, all
genera considered as belonging to this subfamily—either
in this contribution or in previous works (i.e., Azevedo
and Azar 2012; Ortega-Blanco and Engel 2013; Engel et
al. 2016; Azevedo et al. 2018; Jouault et al. 2021)—were
added to the matrix of Colombo et al. (2020: table 2),
initially containing 22 taxa and a single lancepyrine. The
ingroup was then composed of 31 terminals, including
11 lancepyrine genera, and the trees were rooted on the
outgroup scolebythid Clystopsenella longiventris Kief-
fer, 1910 (Table 1). No character from the original work
was added or removed. All 69 characters were treated as
unordered and non-polarized. Characters were checked
using the relevant literature for Archaepyris Evans, 1973,
Cretepyris Ortega-Blanco and Engel, 2013, Liztor Orte-
ga-Blanco and Engel, 2013 and Zophepyris Engel et al.,
2016. The vein Rs+M being present (53:0) in the female
of Cretepyris and absent (53:1) in the male, this charac-
ter was coded as polymorphic for that genus. The coding
of Burmapyris azevedoi Jouault, Perrichot and Nel, 2021
and Protopyris myanmarensis Jouault and Nel, 2021 was
done by a direct examination of the holotypes that are
housed in the IGR collection.

Holopsenella Engel et al., 2016, type genus of the Ho-
lopsenellinae, has recently been excluded from Bethy-
lidae and reclassified in its own family, as Aculeata in-
certae sedis (Lepeco and Melo 2022). In our analysis,
we thus replaced Holopsenella by Holopsenelliscus
Engel, 2019, a recognized Bethylidae belonging to the
former ‘holopsenelline’ assemblage (with Cretabythus
Evans, 1973, and Megalopsenella Jouault et al., 2020).

Characters of Holopsenelliscus were coded using the
original work (Engel 2019). Phylogenetic analyses were
performed in parsimony using TNT 1.5 (Goloboff and
Catalano 2016). Implied-weighting and equal-weighting
searches were conducted under the ‘Traditional search’
method, using the following parameters: space for 99 999
trees was reserved in memory, collapsing rules as Tree
Bisection Reconnection and 10 000 replicates performed.
For implied-weighting analyses, the setk.run script writ-
ten by Salvador Arias (unpublished) was used to calcu-
late the appropriate value of K (Goloboff et al. 2008) and
returned a value of 4.375, which was subsequently used.
When several trees were produced, a strict consensus was
computed. To measure the robustness of the most par-
simonious trees, subsequent symmetric resampling was
performed for 1000 replicates. Characters were mapped
on the trees using the Winclada software.

3. Systematic palaeontology

Superfamily Chrysidoidea Latreille,
1802

Family Bethylidae Haliday, 1839

Subfamily Cretabythinae subfam. nov.
Type genus. Cretabythus Evans, 1973.

Diagnosis. Small to mid-sized wasps (body length 2.5—7
mm); body not particularly pubescent; head prognathous;
frons flat; compound eyes developed; antenna with 13 an-
tennomeres; maxillary palpus with six palpomeres; me-
dian clypeal lobe short, not projecting; occipital carina
present; dorsal pronotal area wider than long; propleuron
more or less developed; prosternum concealed, nearly
obscured by procoxae and propleura; anteromesoscutum
with notaulus and parapsidal signum present; mesoscute-
llum posteriorly rounded; metanotum developed, separat-
ing mesoscutellum from metapectal-propodeal complex;
metapectal-propodeal complex not elongate, without
posterior spines or projections; both sexes macropterous;
tegula present; fore wing with C, Sc+R, M+Cu, A, Rs+M,
Rs, R1, basal segments of M and Cu tubular; [C], [R],
[ICu], [1R1], [1M] and [2R1] cells closed; [2Cu] closed
in Cretabythus; hind wing only with C vein present; fem-
ora incrassate; tarsal claws slightly arched; metasoma
without particular modifications.

Included genera. Cretabythus Evans, 1973, Holopsenel-
liscus Engel, 2019, Megalopsenella Jouault et al., 2020.

Stratigraphic extension. Lower Cenomanian to Santo-
nian, in the deposits of northern Myanmar and Russia
(Taimyr).
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Remarks. As no taxonomic treatment has been provided
for the leftover genera of the obsolete Holopsenellinae,
i.e., Cretabythus Evans, 1973, Megalopsenella Jouault
et al., 2020 and Holopsenelliscus, we erect the subfam-
ily Cretabythinae. This decision is backed by our phy-
logenetic analyses below, where the Cretabythinae are
retrieved as monophyletic yet poorly supported. An im-
provement of the codding and support through a revision
of the three genera is strongly needed to clarify the status
of the subfamily and to understand it in the modern sense
of the Bethylidae. The cretabythines retain the most com-
plete fore wing venation among the Bethylidae as their
diagnostic trait, alongside other features listed above.

Subfamily Lancepyrinae Azevedo and Azar,
2012

Type genus. Lancepyris Azevedo and Azar, 2012.

Emended diagnosis. Small-sized wasps (body length
mainly around 2—3 mm, max 5.4 mm); body black to
dark castaneous, not particularly pubescent; antenna with
13 antennomeres, rarely 12; ocelli present; dorsal prono-
tal area elongate, narrowing anteriorly; posterior margin
of dorsal pronotal area concave; mesoscuto-mesoscu-
tellar groove present; metanotum developed medially;
metapectal-propodeal complex not posteriorly produced
into spines; both sexes macropterous; tegula present; fore
wing with C, Sc+R, M+Cu and A tubular; Rs+M vein tu-
bular and straight, rarely reduced to spectral; 2r-rs&Rs
long, sometimes reaching anterior margin; m-cu vein
sometimes present, closing [ IM] cell; pterostigma large;
tarsal claws slightly arched; second metasomal tergite
about as long as third.

Azepyris gen. nov.

https://zoobank.org/68669837-DAC6-4EAF-8F2D-
740123E127B9

Type species. Azepyris delamarrei sp. nov.

Etymology. The genus name is a combination of Az-,
honouring both Dr. Celso O. Azevedo and Dr. Dany Azar
who first named the Lancepyrinae, and -epyris, a suffix
traditionally used to name bethylids. Gender masculine.

Diagnosis. Female. Body depressed, elongate; head lon-
ger than wide; eye elliptical, longer than high, located an-
teriorly on head; clypeus with median lobe projecting for-
ward and lateral lobe not developed; mandible with three
teeth, apical tooth longest; 11 flagellomeres; anterior ocel-
lus not crossing supra-ocular line (Fig. 1A, B); mesosoma
flattened; dorsal pronotal area narrow with lateral margin
slightly incurved, posterior margin concave; notaulus and
parapsidal signum present; mesoscuto-mesoscutellar sul-
cus conspicuous, reniform; mesoscutellum subquadrate,
posteriorly overlapped by developed metanotum (Fig.

1C, D); metapectal-propodeal complex smooth, postero-
lateral corners with lateral dentiform projection (Fig. 1E);
fore wing with 1Rs& 1M angled at junction with Rs+M;
Rs+M spectral; cu-a post-furcal to 1M; distal abscissa of
R1 tubular for short distance; 2r-rs&Rs arising on distal
half of pterostigma, long but not reaching wing margin
(Fig. 1F); pro- and metafemora moderately thickened;
proarolium well-developed (Fig. 1B); metasoma fusi-
form; T2 longest, laterally covering sternites (Fig. 1A, C).

Systematic remarks. Following the key to the genera
of Lancepyrinae of Jouault et al. (2021), this specimen
keys to Zophepyris due to the fore wing with Rs+M
weak or spectral and cu-a post-furcal to 1M. However,
Azepyris gen. nov. differs from this genus in having the
head longer than wide (vs. ovoid in Zophepyris), the eyes
elliptical (vs. rounded), the pronotum narrower, IRs& 1M
angled at junction with Rs+M (vs. straight), Rs+M neb-
ulous to spectral but distinct (vs. absent?), the pterostig-
ma rounded (vs. elongate), 2r-rs&Rs not fully pigmented
(vs. reaching anterior wing margin), and the posterolater-
al corners of metapectal-propodeal complex with small
projection (vs. no projections). Therefore, we propose the
new genus Azepyris gen. nov. to accommodate this par-
ticular morphotype.

Azepyris delamarrei sp. nov.

https://zoobank.org/EB5CF079-C86A-4D97-9631-4B6B-
CF3E52B7

Fig. 1

Etymology. The specific epithet is a patronym honouring
Yann Delamarre, a student and the senior author’s fel-
low from the palacontology program at the University of
Rennes. The specific epithet is to be treated as a noun in
the genitive case.

Material studied. Holotype SNHM-6001, a complete
female; housed in the paleontological collection of the
Staatliches Naturhistorisches Museum Braunschweig,
Germany (SMNH, coll. Miiller).

Type locality and horizon. Hkamti site, Hkamti district,
Sagaing Region, Myanmar; early Albian, ca. 110 Ma,
Early Cretaceous.

Diagnosis. As for genus.

Description. Body rather depressed, elongate, poorly pu-
bescent (length 5.35 mm). — Head prognathous, longer
than wide; LH: 1.04 mm, WH: ca. 0.70 mm, HE: 0.60
mm, VOL: 0.20 mm; frons flat, punctate; compound eye
elliptical, longer than high, not covering head length, lo-
cated on anterior half of head, closer to mandible than
to occipital carina; clypeus with median lobe rather pro-
jecting forward, lateral lobe poorly developed; mandible
long, with three teeth, apical tooth longest; antenna fili-
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Figure 1. Azepyris delamarrei gen. et sp. nov., holotype female number SNHM-6001. A habitus in lateral view; B head and anterior
mesosoma in lateral view (arrow = fore arolium); C habitus in dorsal view; D anterior mesosoma in dorsal view; E posterior meso-
soma in dorsal view (arrow = lateral projection of posterior corner of metapectal-propodeal complex); F line drawing of fore wing.
Scale bars: 1 mm (A, C, F); 0.5 mm (B, D, E).
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form; scape 2.17 times as long as pedicel (length 0.26
mm); flagellomeres 110 cylindrical, all longer than wide
(length 0.09-0.10 mm); flagellomere 11 longest, tapering
at apex: ocelli forming short triangle, anterior ocellus not
crossing supra-ocular line; occipital carina present, com-
plete, forming weak arch. — Mesosoma flattened, with
dorsum smooth (length 1.62 mm); propleuron slightly
visible in dorsal view, ‘neck-shaped’; dorsal pronotal
area 1.56 times as long as anteromesoscutum (length 0.50
mm), narrow, anterior flange developed, lateral margin
slightly incurved, posterior margin concave; anterome-
socutum wider than dorsal pronotal area, posterior margin
straight; notaulus deeply impressed, not reaching posteri-
or margin of anteromesoscutum, convergent; parapsidal
signum poorly marked; mesoscuto-mesoscutellar suture
with reniform sulcus connecting lateral foveae; mesoscu-
tellum subquadrate, posterior margin slightly convex;
metanotum rather developed, overlapping mesoscutellum
posteriorly sensu Azevedo et al. (2018); metapectal-prop-
odeal complex smooth laterally, lateral marginal carina
distinct, dorsal surface of metapectal-propodeal complex
hardly distinguishable, apparently smooth, posterior cor-
ner with small lateral dentiform projection. Fore wing
hyaline, reaching fourth metasomal segment (LFW: 2.48
mm); C, Sc+tR, M+Cu, 1A tubular; I1Rs&1M angled at
junction with Rs+M; Rs+M poorly pigmented, spectral;
cu-a post-furcal to 1M; 2Cu pigmented, then fading;
pterostigma rounded; short stub of R1 tubular distal to
pterostigma: 2r-rs&Rs arising on distal half of pterostig-
ma, long but not closing [2R1] cell. Proleg with pro-
trochanter originating from apex of procoxa; profemur
moderately thickened; tibial spur formula 1-2-2, pro- and
metaspurs long, mesospurs shorter; two tarsal claws, only
slightly curved; proarolium well-developed; metafemur
moderately thickened; first metatarsomere as long as 2—4
combined. — Metasoma longer than mesosoma (length
2.69 mm); fusiform, tapering at apex; petiole conspicu-
ous and narrow: six exposed tergites; T2 longest, laterally
covering sternites; T1, T3, T4 and T5 subequal in length;
short and narrow sting exserted.

Genus Burmapyris Jouault, Perrichot and
Nel, 2021

Type species. Burmapyris azevedoi Jouault, Perrichot
and Nel, 2021

Burmapyris ohmkuhnlei sp. nov.

https://zoobank.org/A8A54C71-153F-429B-8D71-0F9CF-
9CD633B

Fig. 2

Etymology. The specific epithet is a patronym honouring
Dr Christoph Ohm-Kiihnle, who generously donated the
specimen for study. The specific epithet is to be treated as
a noun in the genitive case.

Material studied. Holotype IGR.BU-060, a complete
female; housed in the amber collection of the Geology
Department and Museum of the University of Rennes,
France (IGR).

Type locality and horizon. Noije Bum, Hukawng Valley,
Kachin State, northern Myanmar; late Albian-early Ceno-
manian, ca. 99 Ma, mid-Cretaceous.

Diagnosis. Female. Head elongate, ovoid (Fig. 2A, F);
mandible small; flagellomere 1 shorter than pedicel
(Fig. 2D); notaulus fully impressed (Fig. 2B); fore wing
with 1Rs& 1M only slightly angled at junction with Rs+M
(Fig. 2C); profemur swollen; meso- and metalegs slender
(Fig. 2E).

Description. Body weakly depressed and poorly pubes-
cent (length 3.80 mm). — Head prognathous, elongate,
ovoid; LH: 0.83 mm, WH: 0.66 mm; WF: 0.52 mm, HE:
0.23 mm; OOL: 0.31 mm; WOT: 0.10 mm; DAO: 0.05
mm; VOL: 0.43 mm; compound eye elliptical, longer
than high, located anteriorly on head; clypeus with me-
dian lobe triangular, lateral lobe not developed; space
between toruli depressed; antenna filiform, reaching me-
soscutellum posteriorly; scape 1.73 times as long as ped-
icel (length 0.19 mm), dorso-ventrally flattened; 11 flag-
ellomeres cylindrical, distinctly longer than wide except
flagellomere 1 (flagellomere 1 length 0.09 mm; flagel-
lomeres 2—10 length 0.10—0.12 mm), slightly longer
than wide, shorter than pedicel; flagellomere 11 longest,
tapering at apex (length 0.16 mm); mandible decussate,
with four to five (?) teeth, first and second apical teeth
longest, remaining shorter; ocellar triangle small, anteri-
or ocellus posterior to supra-ocular line; occipital carina
present, forming small arch posterior to ocelli. — Meso-
soma with dorsum smooth (length 1.46 mm); propleuron
only slightly visible dorsally; dorsal pronotal area nar-
rower anteriorly, lateral margin straight, posterior mar-
gin widely concave; anteromesoscutum shorter than dor-
sal pronotal area, notaulus impressed on posterior two
thirds of anteromesoscutum, convergent, absent anteri-
orly, parapsidal signum present; mesoscuto-mesocutel-
lar sulcus reniform, narrow; mesoscutellum posteriorly
overlapped by long metanotum; metapectal-propodeal
complex rectangular, without postero-lateral spine, me-
dian carina present, continuing on propodeal declivity.
Fore wing hyaline, at least reaching third metasomal
segment (LFW: 2.46 mm); C, Sc+R, M+Cu, 1A tubular;
IRs&IM only slightly angled at junction with Rs+M;
IRs shorter than 1M; 1M and cu-a aligned; Rs+M tubu-
lar, reaching apex of pterostigma; pterostigma slightly
rounded; short stub of post-stigmal abscissa of R1 pres-
ent; 2r-rs&Rs arising on distal half of pterostigma, long
but not closing [2R 1] cell; [2R1] cell large. Legs slender,
only profemur swollen; tibial spur formula 1-2-2; tar-
sal claws slightly curved; arolium small. — Metasoma
smooth, fusiform and elongate (length 1.51 mm); petiole
short; six exposed tergites, covering sternites laterally;
sting exserted.


https://zoobank.org/A8A54C71-153F-429B-8D71-0F9CF9CD633B
https://zoobank.org/A8A54C71-153F-429B-8D71-0F9CF9CD633B
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Figure 2. Burmapyris ohmkuhnlei sp. nov., holotype female number IGR.BU-060. A habitus in dorsal view; B mesosoma in dorsal
view; C fore wing in dorsal view; D head and antenna in dorsal view; E habitus in lateral view; F head and anterior mesosoma in
lateral view. Scale bars: 1 mm (A, E); 0.5 mm (B, C, D, F).

Systematic remarks. Following the key to the genera of
Lancepyrinae of Jouault et al. (2021), our specimen keys
to Burmapyris Jouault, Perrichot and Nel, 2021 due to the
fore wing with Rs+M vein tubular, the [2R1] cell open,
the pterostigma elongate and Rs+M long, extending dis-
tally to [IM] cell, and [1M] cell not fully enclosed by
tubular veins. Beside these characters, it possesses sever-
al other features reminiscent of Burmapyris: the general
shape of the body, the very similar fore wing venation, the
long antenna and the dorso-ventrally flattened scape. Af-
ter reexamining the holotype of B. azevedoi, we noticed
that it also possesses the median metapostnotal carina,
strengthening the attribution of our specimen to Burma-

pyris. Burmapyris ohmkuhnlei sp. nov. differs from B.
azevedoi in the shape of the head (more elongate and less
rounded), the smaller mandible, the less pronounced an-
gle of 1Rs& 1M, the notaulus not fully impressed and the
slender legs with only the profemur swollen.

Gwesped gen. nov.

https://zoobank.org/004C50ED-C52A-4DB3-976A-1DB-
879CB9559

Type species. Gwesped groehni sp. nov.


https://zoobank.org/004C50ED-C52A-4DB3-976A-1DB879CB9559
https://zoobank.org/004C50ED-C52A-4DB3-976A-1DB879CB9559
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Figure 3. Gwesped groehni gen. et sp. nov., holotype female number GPIH.5068. A habitus in dorsal view; B habitus in ventral
view (arrow = sting); C head in dorsal view; D head in ventral view; E fore wing in dorsal view; F line drawing of fore wing. Scale
bars: 1 mm (A, B, E, F); 0.5 mm (C, D). Note: The apparent structure at the apex of the metasoma is the result of a bubble formed
in the amber, combined with some artifacts produced during the stacking process.
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Figure 4. Line drawing of Gwesped groehni gen. et sp. nov., holotype female number GPIH.5068. Scale bar: 1 mm.

Etymology. The genus name is taken from the word for
‘wasp’ in the regional Breton language (Brittany, north-
western France). Gender feminine.

Diagnosis. Female. Body flattened (Fig. 3A, B); head
quadrate, about as long as wide, with metallic reflections;
frons punctate; compound eye round, located on anteri-
or half of head; antenna short; 10 flagellomeres compact
(Fig. 3C, D); mesosoma narrow; propleuron visible dor-
sally; dorsal pronotal area narrower anteriorly; notaulus
and parapsidal signum present; mesoscuto-mesoscutellar
sulcus widely connecting lateral grooves; metanotum
overlapping mesoscutellum posteriorly; metapostnotal
median carina present; lateral margin of metapectal-prop-
odeal complex outcurved, posterior corner with small
lateral dentiform projection (Fig. 3A); fore wing with
Rs+M tubular and long; pterostigma rounded; 2r-rs&Rs
completely tubular (Fig. 3E, F).

Systematic remarks. Following the key to the genera of
Lancepyrinae of Jouault et al. (2021), our specimen would
key to Burmapyris due to the fore wing with Rs+M tubu-
lar, long, extending distally to [IM] cell. It differs from
that genus, however, by the body generally depressed, the
head quadrate, the flagellomeres compact, the fore wing
with 2r-rs&Rs fully tubular and lateral dentiform projec-
tions on the posterior corners of the metapectal-propo-
deal complex. It differs from Azepyris gen. nov. by the
head quadrate, the eyes rounded, the flagellomeres com-
pact and the fore wing with 2r-rs&Rs completely tubular.
Therefore, we propose the new genus Gwesped gen. nov.
to accommodate this morphotype.

Gwesped groehni sp. nov.

https://zoobank.org/C7B02F37-05F4-4122-85FF-
D54F1D8482F5

Figs 3, 4

Etymology. The specific epithet is a patronym honour-
ing Carsten Grohn, who generously made the specimen
available for study. The specific epithet is to be treated as
a noun in the genitive case.

Material studied. Holotype GPIH.5068, a complete
female; housed in the Carsten Gréhn amber collection
(under CCGG no. 11341) of the Leibniz Institute for the
Analysis of Biodiversity Change, Hamburg, Germany
(GPIH).

Type locality and horizon. Noije Bum, Hukawng Valley,
Kachin State, northern Myanmar; late Albian-early Ceno-
manian, ca. 99 Ma, mid-Cretaceous.

Diagnosis. As for genus.

Description. Body depressed and poorly pubescent
(length 3.82 mm). — Head prognathous, quadrate, about
as long as wide, with metallic reflections; LH: 0.65 mm,
WH: 0.56 mm; WF: 0.39 mm, HE: ca. 0.19 mm; frons
flat, slightly punctate; compound eye rounded, located
anteriorly on head; clypeus with median lobe only slight-
ly projecting forward, lateral lobe poorly developed; an-
tenna short, barely reaching pronotum posteriorly; scape
2.2 times as long as pedicel (length 0.20 mm); pedicel
longer than flagellomeres 1-9; 10 flagellomeres, all
compact, as long as wide; flagellomere tapering at apex,
flagellomere 10 slightly longer than flagellomeres 1-9
(0.05 mm vs. 0.11 mm); occipital carina present. — Me-
sosoma narrow with dorsum smooth (length 1.56 mm);
propleuron elongate, ‘neck-shaped’, visible dorsally;
dorsal pronotal area narrower anteriorly, lateral margin
slightly incurved, posterior margin straight; anterome-
soscutum short, notaulus and parapsidal signum present;
mesoscuto-mesoscutellar sulcus conspicuous, widely
connecting lateral grooves; mesoscutellum subquadrate;
metanotum developed, overlapping mesoscutellum pos-
teriorly; metapectal-propodeal complex with metapost-
notal median carina, lateral margin slightly outcurved,


https://zoobank.org/C7B02F37-05F4-4122-85FF-D54F1D8482F5
https://zoobank.org/C7B02F37-05F4-4122-85FF-D54F1D8482F5
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Figure 5. Paralanceis chotardi gen. et sp. nov., holotype female IGR.BU-061. A habitus in dorsal view; B head in lateral view;

C head in frontal view; D Head in ventral view; E fore wing and metasoma in dorsal view; F line drawing of fore wing. Scale bars:

1 mm (A, E, F); 0.5 mm (B, C, D).

posterior corner with small lateral dentiform projection.
Fore wing hyaline, posteriorly reaching fourth metaso-
mal segment (LFW = 2.19 mm); C, Sc+R, M+Cu, 1A
tubular; 1Rs and 1M aligned; cu-a slightly post-furcal
to 1M; Rs+M tubular, reaching apex of pterostigma;
pterostigma rounded; 2r-rs arising from distal half of
pterostigma; 2r-rs&Rs tubular, reaching wing margin;
[2R1] cell large; post-stigmal abscissa of R1 tubular
for half-length of [2R1] cell. Legs slender; tibial spur
configuration 1-2-2; tarsal claws slightly curved; aroli-
um small. — Metasoma fusiform, smooth (length 1.61
mm); petiole relatively long, conspicuous; six tergites
visible, convex; short sting exserted.

Paralanceis gen. nov.

https://zoobank.org/2D119414-E742-4468-8F6F-BD-
3C6B3D1BFC

Type species. Paralanceis chotardi sp. nov.

Etymology. The genus name is a combination of Para-
and -lanceis, contraction of Lancepyris, for the similari-
ties between the latter and the new proposed genus. Gen-
der masculine.


https://zoobank.org/2D119414-E742-4468-8F6F-BD3C6B3D1BFC
https://zoobank.org/2D119414-E742-4468-8F6F-BD3C6B3D1BFC
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Figure 6. Line drawing of Paralanceis chotardi gen. et sp. nov., holotype female IGR.BU-061. Scale bar: 1 mm.

Diagnosis. Female. Body stout (Fig. 5A); head ovoid;
compound eye slightly longer than high, located anteri-
orly on head; clypeus with median lobe triangular, later-
al lobe shorter; toruli separated by flat surface; antenna
short; mandible with three teeth (Fig. 5B-D); propleu-
ron elongate and visible dorsally; pronotum with lateral
margin straight; metanotum long; metapectal-propodeal
complex smooth, without projection (Fig. 5A); fore wing
with [1M] cell elongate, fully enclosed by tubular veins;
pterostigma elongate; 2r-rs&Rs arising from distal half of
pterostigma; 2r-rs&Rs fully tubular; R1 tubular, closing
[2R1] cell; [2R1] cell lanceolate (Fig. SE, F).

Systematic remarks. Following the key to the genera of
Lancepyrinae of Jouault et al. (2021), our specimen keys
to Lancepyris due to the fore wing with Rs+M vein tubu-
lar and the [2R1] cell closed. It differs from this genus,
however, by the head less elongate, the eyes more round-
ed, the space between the toruli flat, and the fore wing
with [1M] cell fully enclosed by tubular veins. It also dif-
fers from Azepyris gen. nov. by the vein Rs+M tubular,
the cu-a vein aligned with 1M, the [1M] cell enclosed by
tubular veins and the absence of lateral dentiform pro-
jections on the posterior corners of the metapectal-prop-
odeal complex; from Gwesped by the R1 vein long, dis-
tally meeting 2r-rs&Rs, the [1M] cell enclosed by tubular
veins, the antennae with 11 flagellomeres and the absence
of lateral dentiform projections on the posterior corners
of the metapectal-propodeal complex. Compared to all
the lancepyrine genera but Lancepyris, it is particular for
possessing the [2R1] cell closed. Therefore, we propose
the new genus Paralanceis gen. nov. to accommodate
this morphotype.

Paralanceis chotardi sp. nov.

https://zoobank.org/COF84EFC-D297-4303-9DD9-
291417DE7F13

Figs 5,6

Etymology. The specific epithet is a patronym honouring
Matthieu Chotard, a former student and the senior au-
thor’s fellow from the palacontology program at the Uni-
versity of Rennes, and now working on the morphology
of extinct and extant birds. The specific epithet is to be
treated as a noun in the genitive case.

Material studied. Holotype IGR.BU-061, a complete
female; housed in the Geology Department and Museum
of the University of Rennes, France (IGR).

Type locality and horizon. Hkamti site, Hkamti district,
Sagaing Region, Myanmar; early Albian, ca. 110 Ma,
Early Cretaceous.

Diagnosis. As for genus.

Description. Body stout and poorly pubescent (length
about 3.5 mm). — Head prognathous, ovoid; LH: 0.94
mm, WH: 0.74 mm; WF: 0.54 mm, HE: 0.28 mm; com-
pound eye slightly longer than high, located anteriorly on
head; clypeus with median lobe triangular and projecting
forward, lateral lobe visible but much shorter than medi-
an lobe; toruli separated by flat surface; antenna filiform,
short, barely reaching mesoscutellum posteriorly; scape
2.8 times as long as pedicel; 11 flagellomeres, slightly


https://zoobank.org/C0F84EFC-D297-4303-9DD9-291417DE7F13
https://zoobank.org/C0F84EFC-D297-4303-9DD9-291417DE7F13
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longer than wide; flagellomere 11 longest, tapering at
apex; mandibles decussate at apex, with three teeth; oc-
cipital carina present. — Mesosoma with dorsum smooth
(length 1.80 mm); propleuron elongate and visible dorsal-
ly; dorsal pronotal area narrower anteriorly, lateral mar-
gin straight, posterior margin slightly concave; anterome-
soscutum short, notaulus and parapsidal signum hardly
distinguishable; mesoscuto-mesoscutellar sulcus wide,
connecting lateral grooves; mesoscutellum posteriorly
overlapped by metanotum; metapectal-propodeal com-
plex smooth dorsally, rectangular, without postero-lateral
spine. Fore wing hyaline, micro-pubescent (LFW: 2.40
mm); C, Sc+R, M+Cu, 1A tubular; 1Rs and 1M aligned;
cu-a slightly and 1M aligned; [1M] cell elongate, fully
enclosed by tubular Rs+M, m-cu and 1Cu; stub of M tu-
bular distally to [IM] cell; stub of 2Cu visible nebulous
to spectral; pterostigma elongate; 2r-rs&Rs arising from
distal half of pterostigma; 2r-rs&Rs tubular, reaching
wing margin; post-stigmal abscissa of R1 long, meeting
2r-rs&Rs distally; [2R1] cell closed, lanceolate. Legs
slender; tarsal claws slightly incurved. — Metasoma
fusiform, smooth; petiole short; six tergites visible, par-
tially covering sternites laterally; tergite 2 longest; sting
exserted.

Yunbayin gen. nov.

https://zoobank.org/61CBOEAA-D18F-4474-B2A9-
D5AD40A862AD

Type species. Yunbayin rossei sp. nov.

Etymology. Yun Bayin is one of the 37 Nat spirits, a deity
of the Burmese pantheon. Gender feminine.

Diagnosis. Female. Head and mesosoma depressed (Fig.
7A, E); compound eye located on anterior half of head;
antenna filiform, shorter than head + mesosoma com-
bined; flagellomeres 1-10 gradually thickening, flagel-
lomere 10 almost as long as wide (Fig. 7A, F); dorsal
pronotal area narrower than anteromesoscutum, with lat-
eral margin incurved (Fig. 7B); anteromesoscutum half
as long as dorsal pronotal area; metapectal-propodeal
complex with carina; fore wing with 1Rs&1M slightly
angled at junction with Rs+M and 1Rs shorter than 1M;
[2R1] cell not closed, lanceolate (Fig. 7C, D); metasoma
fusiform, stouter than head and mesosoma; petiole long
and conspicuous (Fig. 7A, E).

Systematic remarks. Following the key to the genera of
Lancepyrinae of Jouault et al. (2021), the specimens key
to Burmapyris due to the following characters: fore wing
with Rs+M vein tubular, [2R1] cell opened, pterostigma
elongate and Rs+M long, extending distally to [1M] cell,
[1M] cell not fully enclosed by tubular veins. However,
they differ from this genus by the antenna shorter and
stouter, IRs&1M less strongly angled, 1Rs shorter, the
[2R1] cell narrower, the pronotum with lateral margin in-
curved, the anteromesoscutum shorter and the metasoma

not flattened and much longer than the mesosoma. They
also differ from Azepyris gen. nov. by the vein Rs+M tu-
bular and 1M aligned with cu-a; from Gwesped gen. nov.
by the body less depressed, the [2R1] cell open apically,
and the absence of dentiform projections of the metapec-
tal-propodeal complex; and from Paralanceis gen. nov.
by the [2R1] cell open apically and the [1M] cell not fully
enclosed by tubular veins. Therefore, we propose the new
genus Yunbayin gen. nov. to accommodate this morpho-

type.

Yunbayin rossei sp. nov.

https://zoobank.org/B68DEC44-42D4-4D15-8A12-CF7CAOE-
CDIDA

Figs 7, 8

Etymology. The specific epithet is a patronym honouring
Simon Rosse-Guillevic, a former student and the senior
author’s fellow from the palaeontology program at the
University of Rennes. The specific epithet is to be treated
as a noun in the genitive case.

Material studied. Holotype IGR.BU-062, a complete
female; paratype IGR.BU-063, a complete female; both
housed in the Geology Department and Museum of the
University of Rennes, France (IGR).

Type locality and horizon. Holotype from Hkamti site,
Hkamti district, Sagaing Region, Myanmar; early Albian,
ca. 110 Ma, Early Cretaceous. Paratype from Noije Bum,
Hukawng Valley, Kachin State, northern Myanmar; late
Albian-early Cenomanian, ca. 99 Ma, mid-Cretaceous.

Diagnosis. As for genus

Description. Body weakly depressed, elongate, poor-
ly pubescent (length 2.43 mm). — Head prognathous,
subquadrate and longer than high; LH: 0.42 mm, WH:
0.37 mm, WF: 0.25 mm, HE: 0.21 mm, VOL: 0.12 mm;
frons flat; compound eye elliptical, longer than high, not
covering head length, located on anterior half of head,
closer to mandible than to occipital carina; antenna fili-
form, shorter than head + mesosoma combined; scape 2.8
times as long as pedicel (length 0.11 mm); pedicel lon-
ger than flagellomeres 1—10, thicker (length 0.04 mm);
flagellomeres elongate, longer than wide; flagellomeres
1-10 gradually thickening, flagellomere 10 almost as
long as wide (length 0.03 mm); flagellomere 11 longest
(length 0.06 mm), tapering at apex; at least four maxil-
lary palpomeres; occipital carina present. — Mesosoma
flattened, with dorsum smooth (length 0.76 mm; height
0.21 mm); propleuron elongate and visible in dorsal
view; prosternum short between procoxae; dorsal pro-
notal area narrower than anteromesoscutum, with later-
al margin incurved, posterior margin slightly concave;
anteromesoscutum shorter than dorsal pronotal area,
with notaulus present and convergent posteriorly, para-


https://zoobank.org/61CB0EAA-D18F-4474-B2A9-D5AD40A862AD
https://zoobank.org/61CB0EAA-D18F-4474-B2A9-D5AD40A862AD
https://zoobank.org/B68DEC44-42D4-4D15-8A12-CF7CA0ECD1DA
https://zoobank.org/B68DEC44-42D4-4D15-8A12-CF7CA0ECD1DA
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Figure 7. Yunbayin rossei gen. et sp. nov., holotype female IGR.BU-062. A habitus in lateral view; B head and mesosoma in dorsal

view; C fore wing in dorsal view; D line drawing of fore wing; paratype IGR.BU-063; E habitus in lateral view; F head and meso-
soma in lateral view. Scale bars: 1 mm (A, E); 0.5 mm (B, C, D, F).

psidal signum present; scutellum posteriorly overlapped
by metanotum; metapectal-propodeal complex carinate,
rectangular, without posterior spine. Fore wing hyaline,
reaching at least third metasomal segment (LFW: 1.39
mm); C, Sc+R, M+Cu, 1A tubular; 1Rs& 1M only slight-
ly angled at junction with Rs+M; 1Rs shorter than 1M;
cu-a slightly post-furcal to 1M; Rs+M tubular, reaching
apex of pterostigma; pterostigma slightly rounded and
elongate; short stub of post-stigmal abscissa of R1 pres-
ent; 2r-rs&Rs arising on distal half of pterostigma, long
but not closing [2R1] cell; [2R1] cell narrow, lanceolate.
Hind wing without apparent venation; at least three ha-
muli. Proleg with protrochanter originating from apex

of procoxa; femora slightly enlarged; tibial spur formula
1-2-2; tarsal claws only slightly curved; arolium present,
as long as claws. — Metasoma cylindrical, not flattened
(length 1.25 mm; height 0.39 mm); petiole long and con-
spicuous; seven visible segments; metasomal tergites de-
creasing in length; ovipositor not exserted. — Paratype.
Similar to holotype but longer. Body length 2.92 mm; LH:
0.56 mm; fore wing with Rs+M hardly distinguishable
distally but clearly tubular, reaching apex of pterostigma
(LFW: 1.46 mm); proleg with internal musculature ex-
quisitely preserved; mesosoma length 1.08 mm, height
0.27 mm; metasoma length 1.28 mm, height 0.31 mm;
ovipositor exserted, long (length 0.34 mm).
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Figure 8. Line drawings of Yunbayin rossei gen. et sp. nov., holotype female IGR.BU-062. A habitus in lateral view; B head and
mesosoma in dorsal view. Scale bar: 1 mm.

Remark. Although the two specimens of the type series
originate from deposits considered distinct in age, they do
not show much variation. Therefore, we assign them to
the same species, pending further material. To our knowl-
edge, it is the first instance of a shared species between
Hkamti and Noije Bum (Kachin) amber.
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Key to the genera of Lancepyrinae

A B

Figure 9. Schematical fore wing line drawing for characters of couplet 1. A Rs+M conspicuous and tubular (couplet 1a) B Rs+M
weak (couplet 1b).

la Fore wing with Rs+M conspicuous and tubular (Fig. QA) .....ccooieieieieee e 2
1b Fore wing with Rs+M absent, spectral or weak (Fig. 9B) ......cccoiiiiiiieiieee e 8

T

Figure 10. Schematical fore wing line drawing for characters of couplet 2. A [2R1] cell closed (couplet 2a); B [2R1] cell open
(couplet 2b).

2a Fore wing with [2R1] cell closed by 2r-rs&Rs and R1 (Fig. 10A)
2b Fore wing with [2R1] cell open apically (Fig. 10B)

N =

Figure 11. Schematical fore wing line drawing for characters of couplet 3. A [1M] cell enclosed by tubular veins (couplet 3a);
B [1M] cell open (couplet 3b).

3a Fore wing with [1M] cell fully enclosed by tubular veins (Fig. 11A) .....ccocceviriiniieieeens Paralanceis gen. nov.
3b Fore wing with [1M] cell open (Fig. 11B)...cccooiiieiiiiiieeeeeee Lancepyris Azevedo and Azar, 2012

A = "
— Y+ Y — Y.

Figure 12. Schematical fore wing line drawing for characters of couplet 4. A Rs+M and pterostigma short (couplet 4a); B Rs+M
and pterostigma elongate (couplet 4b).

4a Fore wing with short pterostigma and Rs+M vein short, not enclosing [1M] cell or reaching apex of pterostigma
(T 00 N TSRS Archaepyris Evans, 1973
4b Fore wing with elongate pterostigma and Rs+M long, enclosing [1M] cell or reaching apex of pterostigma
(FIE. 12B) ettt ettt b et bbbt et h et b et st et a ket b et h et h et b et b et b et n ettt ne et ee 5
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A B

Figure 13. Schematical fore wing line drawing for characters of couplet 5. A [1M] cell enclosed by tubular veins (couplet 5a); B
[1M] cell open (couplet 5b).

S5a Fore wing with [1M] cell fully enclosed by tubular veins (Fig. 13A)............... Protopyris Jouault and Nel, 2021
5b  Fore wing with [1M] cell 0pen (Fig. 13B)...cc.iiiiiiiiiieieeeeeee ettt ae e e enees 6

[

Figure 14. Pictures of head and mesosoma for characters of couplet 6. A top: mesosoma more flattened than metasoma, bottom:
lateral margin of pronotum incurved (couplet 6a); B top: mesosoma as flat as metasoma, bottom: lateral margin of pronotum straight
(couplet 6b).

6a Mesosoma more flattened than metasoma, lateral margin of pronotum widely incurved (Fig. 14A) .....ccccocevenenene
.................................................................................................................................................... Yunbayin gen. nov.
6b Mesosoma equally or less flattened than metasoma, lateral margin of pronotum straight (Fig. 14B) ...........c...... 7
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-

Figure 15. Pictures of metapectal-propodeal complex and schematical fore wing line drawing for characters of couplet 7. A top:
dentiform projection of metapectal-propodeal complex, bottom: 2r-rs&Rs fully tubular (couplet 7a); B top: metapectal-propodeal
complex without projection, bottom: 2r-rs&Rs absent distally (couplet 7b).

7a Metapectal-propodeal complex with small dentiform projections, fore wing with 2r-rs&Rs fully tubular (Fig.
LS A ettt a bt a b ettt eae Gwesped gen. nov.
7b  Metapectal-propodeal without such projections, fore wing with 2r-rs&Rs absent distally (Fig. 15B) .......cccceu.....
......................................................................................................... Burmapyris Jouault, Perrichot and Nel 2021

Y.

Figure 16. Schematical fore wing line drawing for characters of couplet 8. A cu-a post-furcal to 1M (couplet 8a); B cu-a aligned
with 1M (couplet 8b).

Yoo

8a Fore wing with cu-a post-furcal to 1M (FiZ. TOA) ..cueeiiiiieieeiee ettt 9
8b Fore wing with cu-a aligned or antefurcal to 1M (Fig. 16B).......cccooiiiiiiiiiieieee e 10
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Figure 17. Schematical fore wing line drawing and pictures of metapectal-propodeal complex for characters of couplet 9. A top:

Rs+M distinct, 1Rs&1M angled, pterostigma rounded, 2r-rs&Rs absent distally, bottom: dentiform projection of metapectal-prop-
odeal complex (couplet 9a); B top: Rs+M absent, 1Rs& 1M straight, pterostigma straight, 2r-rs&Rs fully tubular, bottom: metapec-

tal-propodeal complex without projection (couplet 9b).

9a Fore wing with Rs+M weak but distinct, IRs& 1M angled, pterostigma rounded and 2r-rs&Rs not fully tubular,

metapectal-propodeal complex with small dentiform projections (Fig. 17A).....ccoovevvrvennnnen. Azepyris gen. nov.
9b Fore wing with Rs+M absent, IRs& 1M straight, the pterostigma elongate and 2r-rs&Rs fully tubular, metapec-
tal-propodeal complex without such projections (Fig. 17B).......ccccoovriiniiiiiieene Zophepyris Engel et al. 2016

A

10b

Figure 18. Schematical fore wing line drawing for characters of couplet 10. A 2r-rs&Rs arising distally on pterostigma (couplet

10a); B 2r-rs&Rs arising basally on pterostigma (couplet 10b).

10a Fore wing with 2r-rs&Rs arising on distal half of pterostigma (Fig. 18A) ...cccvviririiininiiiicccecccnceeee

...................... Cretepyris Ortega-Blanco and Engel, 2013

10b Fore wing with 2r-rs&Rs arising on basal half of pterostigma (Fig. 18B) .......ccccovirinininiiiniiiiiiicnncrceieee

4. Results

The search with equal weighting produced 15 most-par-
simonious trees of length L = 184 steps, consistency
index CI = 0.386 and retention index RI = 0.663 for
17 983 090 arrangements tried. Among those 15 trees,
topological differences concerned both inter-subfamilial
and intra-subfamilial relationships in the Pristocerinae,
Lancepyrinae and Epyrinae. About two thirds of the trees
(9/15) retrieved the Cretabythinae as the first diverging

lineage and Lancepyrinae as the sister of the remaining
Bethylidae. The Bethylinae were the first-diverging sub-
family in the crown-group and the clade [Protopristoceri-
nae + Epyrinae] was found to be sister to the [Mesitiinae
+ (Elektroepyrinae + (Scleroderminae + Pristocerinae))]
clade. In the other trees (6/15), Cretabythinae were found
as the first diverging lineage but the remaining subfam-
ilies successively diverged as follows: Pristocerinae,
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T Lancepyrinae

T Elektroepyrinae
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Scleroderminae
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Epyrinae
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Figure 19. Strict consensus of 15 trees obtained under equal-weighting analyses. Character changes are indicated on each branch
by circles, with character number and character state (as stated in Table 1) above and below circles, respectively; black circles cor-
respond to unique changes whereas white circles indicate homoplasious character states; bootstrap support values > 25 are shown

below branches.

Scleroderminae, Elektroepyrinae, Mesitiinae, Proto-
pristocerinae, Epyrinae, Bethylinae and Lancepyrinae.
A strict consensus was computed and we obtained one
cladogram (Fig. 19) of length L = 204 steps, consistency
index CI = 0.348 and retention index RI = 0.603.

The search with implied-weighting produced 9 most
parsimonious trees of length L = 188 steps, consisten-
cy index CI = 0.378 and retention index RI = 0.651 for
2 866 340 arrangements tried. Among those nine trees, to-
pological differences only concerned intra-subfamilial re-
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Clystopsenella

1 9 19 25

WHoIopsenelliscus
50
! ®-Cretabythus

T Cretabythinae

100

T Lancepyrinae

15 51 52

T Elektroepyrinae

13 27 53
O-O-O-O-O-O-O-0O-0

Bethylinae

O-0-0-0-0-00 Scleroderminae

T Protopristocerinae

| Epyrinae

Pristocerinae

Figure 20. Strict consensus of 9 trees obtained under implied-weighting analyses. Character changes are indicated on each branch
by circles, with character number and character state (as stated in Table 1) above and below circles, respectively; black circles cor-
respond to unique changes whereas white circles indicate homoplasious character states; bootstrap support values > 25 are shown
below branches.

lationships in the Pristocerinae and Lancepyrinae. A strict In both consensus trees, all seven non-monotypic sub-
consensus was computed and we obtained one cladogram  families are retrieved as monophyletic, some being rather
(Fig. 20) of length L = 190 steps, consistency index CI = well-supported with bootstrap values > 65 (Mesitiinae,
0.374 and retention index RI = 0.645. Bethylinae, Scleroderminae, Pristocerinae and Epyrinae
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under implied-weighting). Equally, the Lancepyrinae
were found to be monophyletic but less strongly support-
ed. The Lancepyrinae are supported by two characters
that are common to the equal- and implied-weighting
trees but neither is uniquely apomorphic for the subfam-
ily: the scape evenly wide (6:1, also in Bethylinae and
Cephalonomia Westwood, 1833) and the frontal line ab-
sent (25:1, also in Holopsenelliscus, Cephalonomia and
Pristocerinae). The equal-weighting analyses found four
additional characters supporting the monophyly of the
Lancepyrinae, none being uniquely apomorphic either:
the pedicel longer than wide (8:2, also in Gynopteron
Faliéres and Nel, 2019 and Pristocera Klug, 1808), the
posterior ocelli close to vertex crest (22:1, also in Be-
thylinae, Gynopteron, Holepyris Kieffer, 1904, Epyris
Westwood, 1832 and Apenesia Westwood, 1874), the
dorsal pronotal area narrow anteriorly (27:0, also in Cly-
stopsenella and Holopsenelliscus) and the presence of the
Rs+M vein of the fore wing (53:0, also in Clystopsenella,
Cretabythinae and Bethylinae).

5. Discussion

With hundreds of new insect species being reported each
year from mid-Cretaceous Burmese amber (Ross 2022),
it is not surprising to see the past diversity of an extinct
or relict group revealed by the description of several new
genera or species from these deposits (e.g., Selden and
Ren 2017; Rasnitsyn and Ohm-Kiihnle 2018; Zheng and
Jarzembowski 2020). Similarly, the diversity of Lancepy-
rinae has increased in recent years with the discovery of
new specimens. Prior to this study, only two of the seven
known lancepyrine genera came from Burmese amber, a
rare situation among Cretaceous Hymenoptera, given the
easier access and greater quantity of Burmese Hymenop-
tera compared to other deposits. With the addition of four
new genera and five new species, the fossil record of the
Lancepyrinae is here greatly expanded. Interestingly, all
but one of the genera are monospecific so that we expect
many representatives of the subfamily to be discovered in
the coming years. This could also be the consequence of
the narrowness of the generic concepts proposed for the
Lancepyrinae. However, the characters used to differenti-
ate the different genera mainly focus on the configuration
of the fore wing veins (shape or presence/absence), which
is considered of generic significance in other subfamilies
of Bethylidae (Azevedo et al. 2018) except for some
Scleroderminae where it can vary within the same genus
(e.g., Azevedo 2009).

If taxonomic boundaries between each genus are clear,
this study enlightens the wide range of morphologies
within the Lancepyrinae. The example of the wing vena-
tion is particularly illustrative, ranging from the simplest,
with Rs+M absent and two closed cells (Cretepyris), to
the most complete known in Lancepyrinae, with five
closed cells (Paralanceis gen. nov.). Given these mor-
phological differences, one could wonder whether they

truly represent a monophyletic group, especially in the
case of species with reduced or absent Rs+M vein (this
vein was a diagnostic feature of the subfamily at the mo-
ment of its description). The cladistic analysis performed
here confirms the positions of Azepyris gen. nov., Liz-
tor, Zophepyris and Cretepyris, which have reduced or
absent Rs+M, within the Lancepyrinae. Nonetheless,
the genus Cretepyris needs to be revised since the three
type specimens of C. martini (plus another putative male,
which is not part of the type series) show some varia-
tions (Ortega-Blanco and Engel 2013: figs 4-5) and the
paratype(s) might need to be allocated to another genus
or subfamily (in paratypes: Rs+M absent while stated as
‘nebulose’ in the holotype, [2R 1] cell rounded rather than
lanceolate). The genera Liztor and Zophepyris might also
benefit from a more precise re-analyses to elucidate their
position. Overall, and despite a lower support than for
other subfamilies, the Lancepyrinae form a monophyletic
group.

The four newly described genera complicate the in-
ference of the relationships among the lancepyrine gen-
era. While the general trend proposed for the evolution
of Hymenoptera implies a simplification of the wing ve-
nation over time (Rasnitsyn 1969, 1980), such a pattern
does not fit with the Lancepyrinae. Empirically, it was
assumed that the most complete fore wing pattern would
occur in the earliest lancepyrine, i.e., Lancepyris opertus,
aged Barremian, and the simplest in the latest known, i.e.,
Archaepyris minutus, aged Santonian. However, the wing
pattern and the age of the fossils are not fully correlated
(Paralanceis chotardi gen. et sp. nov., the representa-
tive with most complete wing venation, being as old as
Cretepyris martini, the representative with the simplest),
which suggests that the evolutionary history of the Lan-
cepyrinae is more complex than previously thought.

Despite similar analytical parameters, our clado-
grams differ from that of Colombo et al. (2020). While
all subfamilies are found to be monophyletic and rela-
tively strongly supported (except for the Lancepyrinae,
see below, Elektroepyrinae and Protopristocerinae, one
terminal for each), their respective phylogenetic posi-
tions are not clear yet. Most of the deepest nodes of the
trees are indeed poorly supported in both studies. As the
equal-weighting strict-consensus tree is heavily multifur-
cated (except Cretabythinae, as the sister of all Bethyli-
dae, and the Epyrinae as the sister of the Protopristoce-
rinae, but poorly supported), we only discuss here the
consensus tree found under implied-weighting analyses.
The Bethylinae were previously considered as the second
diverging lineage after the Holopsenellinae but are here
found to be deeply nested within the family, as sister to
the Elektroepyrinae with two synapomorphies (head tri-
angular in lateral view, 2:2; ventral profile of gena angled
in lateral view, 24:1). Rather than sister to the Elektro-
epyrinae, the Scleroderminae are retrieved as sister to a
clade composed of [Pristocerinae + (Epyrinae + Proto-
pristocerinae)]. This poorly supported clade is character-
ized, as in Colombo et al. (2020), by two synapomorphies
(pedicel widening apically, 7:0; metapectal-propodeal
complex long, 64:0). Interestingly, there is stronger sup-
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port for the Epyrinae in this study than in Colombo et
al. (2020; 63 vs. 44) but lower support for the clade sis-
ter to Cretabythinae (= Holopsenellinae of Colombo et
al. 2020; 15 vs. 56). However, the results presented here
must be interpreted with a certain degree of caution. If
the morphological framework proposed by Colombo et
al. (2020), the latest for the Bethylidae, has been used
herein to explore the status of the Lancepyrinae subfam-
ily, there are some limitations to its use with an extended
taxonomic sampling. First, the overrepresentation of the
morphologically disparate Lancepyrinae (compared to
the sole Lancepyris used in Colombo et al. 2020) induced
instabilities in the resulting trees. The sampling of Hol-
opsenelliscus rather than Holopsenella, coded with five
supplementary missing entries, also resulted in the lower
support for the Cretabythinae and the clade uniting the
remaining Bethylidae. Secondly, to encompass the huge
morphological diversity of the family, the selection of 69
characters is for now too restrictive to reach an accurate
sister-group relationship among the subfamilies. Future
studies that aim to reconstruct the relationships of ex-
tant and extinct bethylid taxa should focus on expanding
the character list for this purpose. Finally, several recent
works have questioned the proximity of the Scolebythi-
dae and Bethylidae, suggesting the latter to be sister to
the Plumariidae (e.g., Branstetter et al. 2017; Peters et al.
2017; Melo and Lucena 2020; Jouault et al. 2020). The
inclusion of the Plumariidae to the analyses might help
polarizing the phylogenetic relationships within the Be-
thylidae but it also requires an expansion of the character
sampling. Despite these limitations, it is interesting to ob-
serve the topological variations between morphological
analyses and with molecular analyses.

Indeed, these morphology-based hypotheses do not
fully align with molecular-based hypotheses (Carr et
al. 2010; de Brito et al. 2022; Colombo et al. 2022) and
many deep relationships remain undeciphered. While a
sister-group relationship of Mesitiinae and Sclerodermi-
nae has been repeatedly found (Carr et al. 2010: using
‘Cephalonomiini’ in place of Scleroderminae; de Brito
et al. 2022; Colombo et al. 2022), morphological anal-
yses including extinct lineages retrieve the Mesitiinae in
different positions [sister-group to all extant Bethylidae
but Bethylinae in Colombo et al. (2020); sister-group to
all extant subfamilies here]. Similarly, the Pristocerinae
has been found to be sister of the Epyrinae (Carr et al.
2010: using ‘Epyrini’ instead of Epyrinae) or [Epyrinae
+ Protopristocerinae] (Colombo et al., 2020; this study),
but other molecular analyses found it as sister to all ex-
tant subfamilies but the Bethylinae (de Brito et al. 2022;
Colombo et al. 2022). Finally, one major change between
our cladogram and those found in the above-mentioned
works is the position of the Bethylinae, as the first ex-
tant subfamily to diverge in all the contributions while
it is here deeply nested within the tree. The reasons that
can explain these discrepancies are mainly differences in
taxonomic (extant only vs. extant and extinct taxa; im-
balance in the number of terminals per subfamilies) and
character (molecular vs morphological) sampling. In any
case, it highlights that there is still much to understand

about the phylogeny of the Bethylidae, a goal that can
notably be reached by extensively documenting extinct
taxa and their morphologies.

6. Conclusion

With five new species described herein, the subfam-
ily Lancepyrinae is now composed of 12 species in 11
genera from several major deposits: Lebanese amber,
Spanish amber, Myanmar amber and Taimyr amber. We
confirmed the monophyly of this subfamily, while high-
lighting the diversity and the morphological disparity of
the Lancepyrinae, and consequently of the Bethylidae, as
early as the mid-Cretaceous. The relationships within the
Lancepyrinae remain to be deciphered, as well as those
between each subfamily, which should be achieved by
combining molecular and morphological characters.
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