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Considering taxonomic diversity, extant xyelid sawflies represent a very small subset of the past diversity of
the group. A complementary approach to investigate evolutionary changes in this family is to consider ovi-
positor morphology, an ecologically important organ. New, well-preserved specimens from the Upper Triassic
Ominé locality (Momonoki Formation, Mine Group; Carnian; Japan) and belonging to the TMadygellinae, one
of the earliest Xyelidae subfamilies, are newly described and assigned to four new species, belonging to three
genera (one being new). Two of the specimens expose body parts and wings, providing important information
regarding ovipositor morphology. To further appreciate the evolution of this organ, we surveyed both fossil
and extant Xyelidae. Extant forms display both extremes of the range of ovipositor types, namely the high
aspect ratio “dagger-like” and “needle-like” types (in Xyelinae) and the low aspect ratio “short and wide” type
(in Macroxyelinae). All known Triassic representatives display high aspect ratio ovipositor types. In contrast,
Middle Jurassic to Lower Cretaceous sawflies show the highest diversity of ovipositor types for the family.
Afterwards, the observed range declined and concentrated on the two, very distinct types known nowadays.
Decline in ovipositor disparity was not contemporaneous in Xyelinae and Macroxyelinae: specialization oc-
curred during the Jurassic-Cretaceous transition for the Xyelinae, while Macroxyelinae displayed their peak
of diversity during the Lower Cretaceous, with a postponed decline. Ovipositor shape transition was probably
accompanied with a larval diet change in Macroxyelinae. Ovipositor disparity therefore further contributes
depicting extant Xyelidae as a subset on a once more diverse group.
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Introduction

The order Hymenoptera (sawflies, wasps, ants, and bees) is one of
the four hyperdiverse holometabolous insect lineages (Grimaldi and
Engel 2005). These insects play important roles in terrestrial ecosys-
tems as parasitoids, predators, herbivores, and pollinators (Grimaldi
and Engel 2005). Uncertainties remain on the time of divergence
of Hymenoptera from the remaining holometabolous insects, with
which they are sister-group related. Time-calibrated molecular
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phylogenies provide an age ranging from the early Carboniferous
to the Devonian, whereas the age of the crown-group is more con-
sistently retrieved around the Permian-Triassic boundary, or slightly
earlier (Misof et al. 2014, Kjer et al. 2015, Tong et al. 20135, Peters et
al. 2017, Blaimer et al. 2023). To some extent, this is consistent with
the fossil record, with earliest members of the crown-group lineage
Xyelidae occurring in several Triassic localities (whereas convincing
earlier stem-group fossils remain to be discovered, or identified).

please contact reprints@oup.com for reprints and translation rights for reprints. All other permissions can be obtained through our RightsLink service via the
Permissions link on the article page on our site—for further information please contact journals.permissions@oup.com.

Version of Record, first published online January 24, 2025 with fixed content and layout in compliance with Art. 8.1.3.2 ICZN.

Gz0z Arenuer Gz uo Jasn suoissadoy ysijbud - dwey uesng Aq 60£8/6//1/1/6/31914/psSl/woo dno-olwepese//:sdiy woll papeojumod


reprints@oup.com
https://orcid.org/0000-0003-0014-0161
https://orcid.org/0009-0000-0571-2419
https://orcid.org/0000-0002-6350-0040
https://orcid.org/0009-0000-3746-3816
https://orcid.org/0009-0005-5682-8530
https://orcid.org/0000-0002-3178-8967
mailto:nozomu.oyama@mnhn.fr

Insect Systematics and Diversity, 2025, Vol. 9, No. 1

Unlike most other holometabolous lineages, which began to abound
in fossil localities during the Triassic (Blagoderov et al. 2007, Beutel
et al. 2024), the Hymenoptera became abundant and diverse in the
Early Jurassic (Rasnitsyn 2002).

Extant Xyelidae, represented by five genera, are believed to rep-
resent a very small subset of the past diversity of the family (Jouault
etal.2021). The earliest known fossils are therefore likely to provide
relevant information on the early ecological habits of the otherwise
successful hymenopteran lineage. Among the five sub-families com-
posing the Xyelidae, the extinct TArchexyelinae, from the localities
of Madygen (Kyrgyz Republic; Rasnitsyn 1964, 1969, Denisova
et al. 2023) and Mt. Crosby (Australia; Riek 1955, Engel 2005),
are mainly known from well-preserved wings but comparatively
poorly preserved bodies; the TMadygellinae are known from iso-
lated forewings only, from Madygen (Kyrgyz Republic; Rasnitsyn
1969, Kopylov 2014) and Ominé (Japan; Oyama and Maeda 2020);
and fossils not placed in subfamily are known from Molteno (South
Africa; Schliiter 2000) and Puesto Miguez (Argentina; Lara et al.
2014) (the Macroxyelinae and the tDaohugoinae (Rasnitsyn and
Zhang 2004, Wang et al. 2019) have no Triassic record). The en-
igmatic mid-Cretaceous TSyspastoxyelidae must be mentioned for
an exhaustive account on early Hymenoptera. They may compose
the sister-group of the remaining Hymenoptera, as they display seg-
mented cerci, a state assumed to represent a plesiomorphy within
Hymenoptera (Zheng et al. 2021).

In summary, our knowledge of the overall morphology and
ecology of early Xyelidae remains limited, for their fossils are rare

and often incomplete. Recently, well-preserved tMadygellinae fos-
sils, including two specimens exposing body parts in addition to
wings, were collected at the Triassic Ominé locality (Momonoki
Formation; Fig. 1.1-4). It is the first discovery of such well-preserved
remains for Triassic Hymenoptera. This new record allows a recon-
sideration of the subfamily diagnosis and systematics. In addition,
the ovipositor is exposed in the two well-preserved specimens. This
organ plays an important role in Hymenoptera ecology: the ovi-
positor of herbivorous sawflies is used to lay eggs into plant tissues
(Naito et al. 2020), while those of various parasitic wasps allows
them to reach insect larvae living within plant tissues and in other
hidden or open places and to lay eggs inside them (Quicke 2014).
Although numerous xyelid sawfly fossils preserving the ovipositor
are known (Rasnitsyn 1969), the evolution in shape diversity of this
important organ remains largely unexplored for Xyelidae. Based on
the new material and a broad survey of more recent, well-preserved
Xyelidae fossils, the significance and evolutionary trends of xyelid
ovipositor shape is herein investigated.

Material and Methods

Geological Setting

The new specimens were collected from the Carnian (Upper Triassic)
Momonoki Formation of the Mine Group, in the Ominé region
(Mine, Yamaguchi Prefecture, Southwest Japan; Fig. 1; (Katayama
1939, Maeda and Oyama 2019). In this area the Mine Group is
lithologically subdivided, in an ascending order, into the Hirabara,
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Fig. 1. Location and stratigraphy of the Ominé fossil locality (UpperTriassic Momonoki Formation: (1), study area in south-west Japan; (2), detailed map of study

area; (3), columnar sections modified after Takahashi et al. (1997).
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Fig. 2. Schematic morphology of Xyelidae based on a female of Xyela: (1), dorsal view; (2), terminology for ovipositor characteristics (lateral view).

Momonoki, and Aso Formations (Katayama 1939, Hase 1950,
Tokuyama 1960, Kametaka 1999, Maeda and Oyama 2019). The
Momonoki Formation represents nonmarine facies and is character-
ized by conglomerates, sandstones, and mudstones, with frequently
intercalation of coal stems (Takahashi and Mikami 1975, Kametaka
1999). It yields abundant fossils of plants, insects, and fishes, and a
dicynodont synapsid (Fujiyama 1973, Uyeno et al. 1996, Takahashi
et al. 1997, Jinnouchi et al. 2018). The 1,000m-thick Momonoki
Formation represents deltaic lacustrine environments including a
delta plain, delta front or lagoon (Tokuyama 1958, Aizawa 1991,
Kametaka 1999). The occurrence of Paratrachyceras cf. hofmanni
and bivalves in the Hirabara Formation indicates a Carnian age
(Hase 1951, Fujiyama 1973, Ishibashi et al. 1990).

Several thousand fossil insect remains, belonging to nine or-
ders (including 24 species identified thus far), have been recovered
from the Momonoki formation, mostly from a few outcrops along
Road 435 in the Okubata area, from 1987 to 1990 (Fig. 1.2;
Fujiyama 1973, 1991, Ueda 1991, Takahashi et al. 1997, Oyama
and Maeda 2020, Oyama et al. 2020, 2023, Khramov et al. 2023).
A 70-m thick nonmarine sequence, consisting of alternating beds
of sandstone and mudstone, with coal seams, is exposed there,
with insects most abundant in a ca. 20m-thick mudstone (Fig. 1.3;
Aizawa 1991, Takahashi et al. 1992). The productive mudstone
also contains plant fossils such as Cladophlebis, Neocalamites,
Podozamites, Baiera, and Taeniopteris (Takahashi et al., 1992).
Recently, the earliest unequivocal leaf-mines were reported from
this site (Imada et al. 2022).

Material

Ominé

Thirty-three hymenopteran specimens were identified from spe-
cimens housed in the Mine City Museum of History and Folklore
(MMHE), Kitakyushu Museum of Natural History and Human

History (KMNH), various private collections and among the sample
collected by the senior author (altogether accounting for 3,900
fossil insects). Among them, six specimens, MMHF3-00096, 00097,
00098, 00099, 00100, and KMNH IP 000,101, are newly described
here.

Comparative Analysis

Measurements of ovipositor shape were carried out on a number of
Xyelidae specimens (summarized in Supplementary Table S1). In de-
tail, we surveyed about 200 specimens of fossil Xyelidae housed in
the Paleontological Institute (PIN; Moscow, Russia). Among them, 32
exposing a well-preserved ovipositor were selected (Supplementary
Figs. S1-S9). Literature data on 24 well-preserved fossil Xyelidae
species were also used (Supplementary Table S1). Moreover, three
extant species of Xyelidae were also documented (Supplementary
Fig. $10.1-3).

Documentation

The Ominé specimens and extant material of Hymenoptera were
photographed using a Nikon D850 digital camera coupled with a
Micro-Nikkor 55 mm F 2.8, or a Macro-Nikkor 65 mm F4.5 for
close-up. Focus stacking was used. Specimens housed at the PIN
were photographed using a Leica M165C stereomicroscope with
the Leica DFC 420 camera. Resulting photographs were uniformly
edited using Adobe Photoshop 2022 (Adobe Systems, San Jose, CA,
USA). Drawings were made based on photographs and direct ob-
servation using Adobe Illustrator 2022 (Adobe Systems, San Jose,
CA, USA). An attempt was made to manually reconstruct the spe-
cimen KMNH 1P 000,101, composed of a partly disrupted fore-
wing. Morphological terms and abbreviations are summarized in
Supplementary Table S2, following previous accounts (Rasnitsyn
1969). By “arcuated,” we refer to a line forming an arc (as opposed
to a straight line).
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Fig. 3. TMadygella fujiyamai sp. n. (Ominé; Upper Triassic; Japan), holotype specimen MMHF3-00096: (1 and 2), specimen overview, photograph (1) and line
drawing (2); (3-5), details of wing venation, photographs (3) and line drawings of forewing (4) and hindwing (5). See Supplementary Table 2 for abbreviations.

Measurements

Generally, ratios between particular elements of wing venation were
obtained using projections perpendicular to the main wing axis.
Ovipositor elements of Ominé specimens and extant Hymenoptera
were measured using a Nikon Profile Projector V-12B. Other meas-
urements were made based on new photographs or published data
(see Supplementary Table S1). We followed a previously established
framework (Blank et al. 2013, 2017; and see Fig. 2), as follows: total
length of ovipositor (L) as the combination of the lengths of valvifer
2 and valvula 3, both measured as straight lines along ventral edge
of the sclerite; Fig. 2.2); and width of valvula 3 (W). Optimally,
width should be measured from the ovipositor itself, i.e., the joined
valvulae 1&2. At rest, these elements are ensheathed inside the pair
of valvulae 3 (“saw sheaths”) in Xyelidae, making it impossible to
measure their widths accurately. However, the widths of valvulae 3
and that of the joined valvulae 1&2 are correlated in Xyelidae (for
Macroxyelinae, see Blank et al. 2017, fig. 1E; for Xyelinae, see Blank
and Kramp 2017, figs. 2D,E), allowing the use of valvula 3 width as
surrogate for that of the joined valvulae 1&2. We then calculated the
W/L ratio, with low values indicating a slender ovipositor, and high
values indicating a more “stout” ovipositor. Our dataset includes 56
fossil species and three individuals belonging to two of the extant
species of Xyelidae (Supplementary Table S1).

Measuring a relative ovipositor length (i.e., body length
excluding ovipositor vs. ovipositor length) may be seen as a more
straightforward and biologically-relevant metric than the ovipositor
WV/L ratio. The latter was favored because it allowed compiling a
larger dataset on fossil taxa, for body length cannot be accurately
estimated for many incomplete and/or damaged fossils: we estimated
that using the relative ovipositor length would entail the removal
of 38% of the total dataset. Concurrently, we investigated whether
ovipositor width composes, or not, a suitable surrogate for body
length excluding ovipositor. Based on data on 6 species of Megaxyela
from Blank et al. (2017), 3 species of Pleroneura from Shinohara
(1995; for one species, with both maximum and minimum body
length-excluding ovipositor), data on a specimen of Xyelatana
lugdunensis (specimen MNHN-EY-EY6339; http://coldb.mnhn.fr/
catalognumber/mnhn/ey/ey6339), and on 2 specimens of Megaxyela
belonging two undetermined species and 1 specimen belonging to
an undetermined Xyela species from our own data (so, 7 = 14), we
recovered a strong correlation between ovipositor width and body
length excluding ovipositor length (R2=0.8931). Therefore, the terms
“high aspect ratio” (e.g., W/L values ranging from 0.1 to 0.2) vs.
“low aspect ratio” (e.g., W/L values ranging from 0.3 to 0.4) indeed
are largely equivalent with “long relative to body” vs. “short relative
to body”.
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Fig. 4. Morphological details in tMadygella spp. from Ominé locality (Upper Triassic; Japan): (1-6), TMadygella fujiyamai sp. n., holotype specimen MMHF3-
00096; (1), head; (2), details of antenna (as located in 1); (3), thorax and abdomen; (4), details of thorax; (5), details of legs; (6), details of ovipositor (as located
in 3); (7-8) tMadygella sp., specimen MMHF3-00099 (left forewing), photograph of positive adpression (7; flipped horizontally) and line drawing (8). See
Supplementary Table 2 for abbreviations.
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Nomenclature

This paper and the nomenclatural acts it contains have been
registered in Zoobank (www.zoobank.org), the official register of the
International Commission on Zoological Nomenclature. The LSID

(Life Science Identifier) number of the publication is: urn:lsid:zoobank.
org:pub:EC640442-1112-467F-BCES-44773D54E6E3

Results

Systematic Paleontology

Order Hymenoptera Linnaeus 1758
Suborder Symphyta Gerstaecker 1867
Family Xyelidae Newman 1834

Type genus. Xyela Dalman, 1819

Composition. Xyelinae Newman 1834; Macroxyelinae Ashmead
1898; tArchexyelinae Rasnitsyn, 196; tMadygellinae Rasnitsyn
1969; tDaohugoinae Rasnitsyn and Zhang 2004.

Stratigraphic range. Middle/Late Triassic to Present.
Subfamily tMadygellinae Rasnitsyn 1969
Type genus. tMadygella Rasnitsyn 1969

Other genera. 1Chubakka Kopylov 2014 (Madygen locality);
tSamarkandykia Kopylov 2014 (Madygen and Ominé localities; for the
latter, this study); T Ominexyela gen. sp. n. (Ominé locality; this study).

Stratigraphic range. Ladinian—Carnian (Triassic)

Occurrence. Madygen locality [Madygen Formation, Kyrgyz
Republic; Ladinian—Carnian, Middle/Upper Triassic (Shcherbakov
2008, Voigt et al. 2017)]; Ominé locality [Momonoki Formation,
Japan; Carnian, Upper Triassic (Hase 1951, Ishibashi et al. 1990)].

Revised diagnosis (modified from Kopylov 2014). Mandibles asym-
metric, relatively large, bent and sickle-shaped; antenna with the first
flagellomere enlarged, about five-six times as long as wide and ap-
parently longer than following flagellomeres combined; ovipositor
considerably long; forewing with narrow costal space; vein C thick-
ened towards apex, sometimes almost reaching R while never con-
tacting it and separated from Pt; vein Sc weak, joining only C, and
sometimes preserved only at the wing base, transformed into fold or
completely lost; pterostigma not sclerotized with its veins thickened;
vein R straight up to the base of Rs with slight bend near the point of
divergence of Rs; straight or arcuate anteriad within cell 1r without
gap at base of pterostigma; vein Rs1 (anterior branch of Rs) lost
without traces; vein M + Cu arcuate; cell 1mcu long and narrow, at
least twice as long as wide; cell 1r along anterior margin subequal in
length to 2r (except for Ominexyela gen. n.).

Comparison. The tMadygellinae differ from most other Xyelidae,
except the extant Xyela alberta Curran 1923 and the Upper Jurassic
tLydoxyela excellens Rasnitsyn 1966, in the absence of 1-Rs. The
tMadygellinae differ from all post-Triassic Xyelidae in the short cell
1r (subequal in length to cell 2r; with the exception of +Ominexyela
gen.nov.). The subfamily differs from tDaohugoinae in the segmented
distal flagellomeres, not completely sclerotized pterostigma, very

short Rs + M. Furthermore, it differs from Xyelinae, tDaohugoinae
and Macroxyelinae in vein Sc without posterior branch, and in the
narrow costal space (although a few exceptions exist in Xyelinae and
Macroxyelinae). tMadygellinae also differs from Xyelinae in the ap-
ically thickened vein C; and from Macroxyelinae in the absence of
characteristic sclerotization at the base of the pterostigma. Finally, it
also differs from the Macroxyelinae in the long ovipositor.

Remarks. Relationships between subfamilies of Triassic Xyelidae are
not fully elucidated (Lara et al. 2014). Based on wing venation charac-
ters, it has been argued that the TMadygellinae, previously known from
wings only, derived from the TArchexyelinae (Kopylov 2014). One of
the relevant character states regards the relative length of the 1r and 2r
cells, subequal in length in both sub-families (Lara et al. 2014). The oc-
currence of this trait, unlikely to have been affected by post-depositional
deformation, is confirmed in the new, well-preserved Ominé spe-
cimens (Fig. 1). To sum up, the tMadygellinae closely resembles the
tArchexyelinae in morphological characters of forewing and body.

The material described below is informative on the range
of body size and wing length in both subfamilies. Whereas the
tMadygellinae have been previously regarded as generally small
(ca. 3-6 mm in forewing length Kopylov 2014), the discovery of
tOminexyela ishidai gen. et sp. n., with its wing length of 9.6 mm
and a body length of 17.2 mm, shows that the size range covered by
the subfamily exceeds that of most other Xyelidae subfamilies [in
tArchexyelinae, body length ranging from ca. 12.5 mm (fLeioxyela
mitis Rasnitsyn 1969) to ca. 24.0 mm (fDinoxyela armata Rasnitsyn
1969); in tDaohugoinae, from ca. 9.2 mm (tDaohbugoa longa Wang
et al. 2019) to ca. 17 mm (tDaohugoa tobiasi Rasnitsyn and Zhang
2004); in Xyelinae, from from ca. 4.2 mm (1 Xyela (Xyela) micrura
Rasnitsyn 1995) to ca. 13.0 mm ({Xyelisca leptopoda Rasnitsyn
1969); in Macroxyelinae, from ca. 5.0 mm ({Microxyelecia
brachycera Rasnitsyn 1969) to ca. 19 mm (1Ophthalmoxyela
brachyura Rasnitsyn, 1966); Table 1].

Genus TMadygella Rasnitsyn, 1969
Type species. TMadygella analoga Rasnitsyn, 1969.

Other species. tMadygella aristovi Kopylov 2014 (Madygen
locality); tMadygella bashkuevi Kopylov, 2014 (Madygen lo-
cality); tMadygella kurochkini Kopylov, 2014 (Madygen lo-
cality); TMadygella levivenosa Kopylov, 2014 (Madygen locality);
tMadygella humioi Oyama & Maeda, 2020 (Ominé locality);
tMadygella fujiyamai sp. n. (Ominé; this study)

Occurrence. Madygen locality [Madygen Formation, Kyrgyz
Republic; Ladinian—Carnian, Middle/Upper Triassic (Shcherbakov
2008, Voigt et al. 2017)]; Ominé locality [Momonoki Formation,
Japan; Carnian, Upper Triassic (Hase 1951, Ishibashi et al. 1990)].

Revised diagnosis. tMadygella can be distinguished from other
madygellines by a smaller size (4.8 mm in total body length; 2.8—
4.9 mm in forewing length); extremely short pronotum, with its
anterior margins arcuated; mesonotum nearly triangle-shaped; fore-
wing with vein 1-Rs shorter than Rs + M and rarely longer than
1-M; combined length of the cells 1r and 2r rarely shorter than that
of 3r + 4r; height of the cell 3r + 4r nearly as high as that of 2r and
pterostigma, sometimes height of cell 3r + 4r lower than that of 2r
and pterostigma; vein Rs forming a clear angle at the point of con-
nection with 2r-m.
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tMadygella fujiyamai sp. n.

urn:lsid:zoobank.org:act:0D8597AA-0C19-49E0-8E30-
9266287639BC

Figs. 3 and 4.1-6

Etymology. The specific epithet honors Inenori Fujiyama, a Japanese
paleoentomologist, for his valuable contribution to the knowledge of
Japanese fossil insects.

Holotype. MMHF3-00096, a well-preserved female individual with
most of the body preserved (Fig. 3).

Occurrence. Ominé locality [Momonoki Formation, Japan;
Carnian, Upper Triassic (Hase 1951, Ishibashi et al. 1990)].

Diagnosis. Forewing characters: small (3 mm or less in length);
section of vein R shortly after the origin of Rs straight; vein Rs + M
about six times as long as 1-RS; veins 2r-m and 2r-rs subequal in
length; vein 3-Cu longer than the 1m-cu; pterostigma unsclerotized.

Description. Body length (excluding antenna but including ovi-
positor) 4.8 mm, width 1.8 mm; color pattern not preserved.

Head (Figs. 3.1,3 and 4.1-2) nearly circular and massive (Fig. 3.1),
0.7 mm in length with mandible, and 0.8 mm in width (as wide as
thorax; Fig. 3.1 and 3); compound eyes (0.4 mm in length and 0.1 mm
in width) relatively large, oval and located on lateral sides of head
(Fig. 4.1), ocelli distinguishable; clypeus wavy and anteriorly slightly
projecting at middle of head (Figs. 3.1,3 and 4.1); frons distinguish-
able; mandibles asymmetric, relatively large, bent and sickle-shaped
(Fig. 4.1); scape, pedicel, and flagellum distinguishable (Fig. 4.1-2),
antenna with first flagellomere enlarged, measuring 0.5 mm in length
(nearly five times greater than width) and extremely longer than rest
of the flagellomeres combined (Fig. 3.2), and antennal sockets located
between compound eyes near mandible bases (Fig. 3.1).

Thorax (Figs. 3.1,3 and 4.4-5) almost as wide as head (Fig.
3.1,3), 1.1 mm in length and 1.4 mm in width for tegulae (Fig. 4.4);
pronotum extremely short and its anterior margin arcuated (Fig.
4.4); mesonotum with medial line, tegulae, and notauli strongly
impressed, without transscutal articulation (Fig. 4.4); mesonotum
nearly triangle, anterior margin of mesonotum slightly arcuated
and positor margin of mesonotum strongly arcuate(Figs. 3.3 and
4.4); median mesoscutal sulcus reaching to mesoscutellum (Figs.
3.3 and 4.4); notauli connected and forming “V”> in anterior part
of mesonotum (Figs. 3.3 and 4.4); the mesoscuto-scutellar sulcus
forming a “V” that diverges posteriorly (Fig. 4.4); metanotum with
small metascutellum, cenchri and metapostnotum unidentifiable
(Fig. 4.4); some legs (coxa, femur, tibia, tarsus) observable, femur (of
an undetermined leg) with one apical spur (Fig. 4.5).

Abdomen (Figs. 3.1-2 and 4.3,6), 2.4 mm in length without
ovipositor sheath (with each tergum length being 0.3 mm, 0.3 mm,
0.3 mm, 0.2 mm, 0.2 mm, 0.2 mm, 0.2 mm, 0.3 mm, 0.2 mm,
0.1 mm from 1st to 10th, respectively), and 1.4 mm in width at the
1st tergum which splits medially (Figs. 3.1,3 and 4.3); ovipositor
sheath long with constant width from the base to end of apical
section (Fig. 4.6), 1.3 mm in length (0.7 mm for valvifer 2 and
0.6 mm for its valvula 3), 0.1 mm in width (length ratio of 0.08),
and ovipositor unobservable.

Forewing: 2.8 mm long as preserved (to the end of the cell 2mcu),
1.2 mm wide (Fig. 3.2,4,5); C straight; costal space narrow and with
nearly constant width from the base; Sc reaching C opposite base of
Rs; R shortly after base of Rs straight and slightly dilating; Pt not

sclerotized with veins running along its periphery thick; 1r-rs weakly
proclival; 2r-rs vertical, shorter than 4-Rs, and 1.6 times as long as
1r-rs; base of 2r-rs 3 times as close to apex of Pt as to 1r-rs; 1-Rs
much shorter than 1-M; Rs + M about six times as long as 1-Rs;
2-Rs straight; 2r-m vertical, and as long as 2r-rs; 3-M straight.

Comparison. Despite the lack of most the apical part of the fore-
wing in the holotype (and only known specimen), the small size, and
(i) vein Rs curved at the point of 2r-m and (ii) vein 1-Rs shorter than
1-M and Rs + M support an assignment to the genus tMadygella.
The species differs from M. aristovi, TM. bashkuevi, and M.
kurochkini in Sc reaching C opposite the base of Rs, from tM.
levivenosa and + M. humioi in the straighter section of R shortly after
the origin of Rs. The species resembles M. analoga in the subequal
lengths of the 2r-m and 2r-rs cells, and the 3-Cu longer than the
1m-cu cell, whereas it possesses an unsclerotized Pt in forewing un-
like M. analoga. Therefore, the erection of a new species to accom-
modate the specimen MMHF3-00096 is justified.

tMadygella sp.
Fig. 4.7-8

Material. MMHF3-00099, a left forewing adpression with most of
the median area of the wing, a section of C and the postero-basal
area missing (Fig. 4.7-8).

Occurrence. Ominé locality [Momonoki Formation, Japan;
Carnian, Upper Triassic (Hase 1951, Ishibashi et al. 1990)].

Description. Forewing 4.3 mm long, 1.5 mm wide (Fig. 4.7-8); costal
space narrow; vein R basal to base of RS slightly arcuate, straight distal
to base of RS and slightly dilating; vein 1-Rs much shorter than 1-M;
vein Rs + M about four times longer than 1-RS; vein 2-RS straight
(2-RS joining RS + M); vein 1m-cu shorter than 3-Cu.

Comparison. The forewing of the specimen MMHF3-00099 has
vein Rs forming a clear angle at the point of connection with 2r-m,
and vein 1-Rs shorter than 1-M and Rs + M. These features are con-
sistent with the diagnosis of tMadygella. The forewing length of
MMHF3-00099 (4.5 mm) exceeds that of most other tMadygella
species, with the exception of TM. analoga (4.9 mm). However, the
lack of data on the pterostigma, and on veins 1r-rs, 2r-rs, 3-Rs and
part of 3-M precludes any further comparison with this species.
For these reasons the specimen MMHF3-00099 is best considered
as TMadygella sp. Yet, further comparison with known +Madygella
species is possible. The specimen MMHF3-00099 differs from
tM. bashkuevi, TM. kurochkini, M. levivenosa and tM. humioi
in straight R at the base of Rs. MMHF3-00099 resembles M.
fujiyamai sp. n. in straight R at the base of Rs, whereas MMHF3-
00099 possesses slightly arcuated R within the cell 1r.

Genus tSamarkandykia Kopylov, 2014
Type species. TSamarkandykia ryzyhkovae Kopylov, 2014.

Other species. tSamarkandykia shmakovi Kopylov, 2014 (Madygen
locality); tSamarkandykia nobarai sp. n. (Ominé locality; this study);
tSamarkandykia haradai sp. n. (Ominé locality; this study).

Formation,

Occurrence. Madygen locality [Madygen

Kyrgyz Republic; Ladinian—Carnian, Middle/Upper Triassic
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Fig. 5. Wing venation in tSamarkandykia spp. from Ominé locality (Upper Triassic; Japan): (1-3), tSamarkandykia haradai sp. n., holotype specimen KMNH IP
000,101 (right forewing), photographs of positive (1) and negative (2; flipped horizontally) adpressions, and line drawing (3; with the disrupted, posterior area
tentatively relocated as if undamaged); (4-6), TSamarkandykia noharai sp. n., holotype specimen MMHF3-00097 (right forewing), photographs of positive (4)
and negative (5; light-mirrored, flipped horizontally) adpressions, and line drawing (6); (7 and 8) T Samarkandykia sp., specimen MMHF3-00098 (right forewing),
photograph of positive adpression (7) and line drawing (8). See Supplementary Table 2 for abbreviations.

(Shcherbakov 2008, Voigt et al. 2017)]; Ominé locality
[Momonoki Formation, Japan; Carnian, Upper Triassic (Hase
1951, Ishibashi et al. 1990)].

Revised diagnosis  (modified from Kopylov 2014). Forewing
medium-sized (4.5-6.5 mm); combined length of cells 1r and 2r
longer than that of 3r + 4r; height of cells 3r + 4r lower than com-
bined height of 2r and pterostigma; veins running along periphery
of pterostigma sclerotized; veins Rs (4-Rs and 5-Rs) straight at the
point of connection with 2r-m (2r-m lost in 1S. ryzhkovae), vein 1-Rs
subequal or longer than 1-M.

tSamarkandykia haradai sp. n.

urn:lsid:zoobank.org:act:69D2E5A6-D2AC-459F-AD6B-
07F2E96B8DCB

Fig. 5.1-3

Etymology. The specific name honors Takayoshi Harada, who col-
lected the holotype and donated it to KMNH.

Holotype. KMNH IP 000,101, well-preserved adpression of a right
forewing in dorsal and ventral aspects, anal area missing, postero-
distal area disrupted from the rest of the wing (Fig. 5.1-3).
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1 mm

Fig. 6. TOminexyela ishidai gen. et sp. n., (Ominé; Upper Triassic; Japan), holotype specimen MMHF3-00100, dorsal view: (1 and 2), specimen overview,
photograph (1) and line drawing (2); (3-5), details of wing venation, line drawings; (3 and 4), left forewing (3) and hindwing (4) (flipped horizontally); (5 and 6)
right forewing (5) and hindwing (6). See Supplementary Table 2 for abbreviations.
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Fig. 7 Morphological details in tOminexyela ishidai gen. et sp. n. (Ominé; Upper Triassic; Japan): (1), head; (2), detail of antenna (as indicated in 1); (3) thorax
and anterior part of abdomen; (4) ovipositor overview, with indications of ovipositor section; (5) detail of apical part of ovipositor (as indicated in 4; white arrows
indicating teeth); (6) surface structure of head; (7) surface structure of thorax; (8) surface structure of abdomen (as indicated in 3). See Supplementary Table 2

for abbreviations.

Occurrence. Ominé locality [Momonoki Formation, Japan;
Carnian, Upper Triassic; (Hase 1951, Ishibashi et al. 1990)].

Diagnosis. Forewing characters: from wing base to the base of
pterostigma, vein C distinctly arcuated (i.e., costal space wide, grad-
ually broadening from base to its middle, then narrowing); vein Sc

developed over its entire length; vein R straight distal to origin of Rs;
vein 3r-m shorter than 2r-m.

Description. Forewing 5.6 mm long, 2.7 mm wide (Fig. 5.1-3); vein
C exhibiting an arcuate line from base to anterior margin; costal
space wide, gradually widening from base to middle, then narrows

Gz0z Arenuer Gz uo Jasn suoissadoy ysijbud - dwey uesng Aq 60£8/6//1/1/6/31914/psSl/woo dno-olwepese//:sdiy woll papeojumod



http://academic.oup.com/isd/article-lookup/doi/10.1093/isd/ixae038#supplementary-data

Insect Systematics and Diversity, 2025, Vol. 9, No. 1

13

Fig. 8. Reconstruction of tOminexyela ishidai gen. et sp. n. (courtesy of Takumi).

to apex; vein Sc developed over entire length, joining C basal to base
of Rs; vein R at base of Rs and within cell 1r straight; pterostigma
not completely sclerotized, with its anterior edge particularly thick;
combined length of cells 1r and 2r longer than that of 3r + 4r; height
of cells 3r + 4r lower than combined height of 2r and pterostigma;
vein 1r-rs weakly inclined; vein 2r-rs vertical, longer than 4-Rs,
nearly as long as 1r-rs; base of vein 2r-rs three times as close to apex
of pterostigma as to 1r-rs; vein 1-Rs slightly shorter than 1-M; vein
Rs + M about 1.2 times as long as than 1-RS; vein 2-Rs straight;
vein 5-Rs five times longer than 4-Rs; cell 3r + 4r narrowing grad-
ually from the base to the apex; vein 2r-rm greatly inclined, 2.3 times
longer than 2r-rs; 3r-m shorter than 2r-m; vein 3-Cu 1.3 times as
long as 1m-cu and forming a straight line with 1m-cu; free ends of
veins M and Cu lost; vein 3r-m gradually passing into 5-M; vein
2m-cu gradually passing into 4-Cu; vein 3-M straight.

Comparison. Several diagnostic characters on KMNH IP 000,101
such as (i) pterostigma not completely sclerotized, with its anterior
edge particularly thick, (ii) combined length of the cells 1r and 2r
longer than that of 3r + 4r; height of the cells 3r + 4r lower than
the combined height of 2r and pterostigma, (iii) vein 1-Rs slightly
longer than 1-M and (iv) vein Rs (4-Rs and 5-Rs) straight at the
point of connection with 2r-m, support an assignment to the genus
tSamarkandykia. +Samarkandykia haradai sp. n. differs from 1S.
ryzhkonae and 1S. shmakovi in the straighter vein R at the base of
Rs, the vertical vein 2r-rs, and the free ends of veins M and Cu being
lost. 8. haradai sp. n. resembles 1S. noharai sp. n. (described below)
in vein 2r-m being inclined, and the free end of veins M and Cu
lost, but unlike it the present species possesses a straight vein 2-Rs,

and vein Sc developed over its entire length (i.e., until it reaches C),
joining C basal to Rs base.

Remarks. Fig. 5.3 provides a tentative reconstruction of the com-
plete forewing, with the posterior-distal area tentatively relocated
as if undamaged.

tSamarkandykia noharai sp. n.

urn:lsid:zoobank.org:act:8A62080F-A548-46E0-81CD-
737BB29D4E31

Fig. 5.4-6

Etymology. The specific name honors Masanori Nohara, who col-
lected the holotype and donated it to MMHFE.

Holotype. MMHF3-00097, well-preserved adpression of a right
forewing in dorsal and ventral aspects, with base and apex missing
(Fig. 5.4-6).

Occurrence. Ominé locality [Momonoki Formation, Japan;
Carnian, Upper Triassic; (Hase 1951, Ishibashi et al. 1990)].

Diagnosis. Forewing characters: vein Sc developed over its entire
length, joining C opposite 1r-rs; base of vein 2r-rs about 2.4 times as
close to apex of pterostigma as to 1r-rs; vein 2r-m slightly inclined,
1.3 times shorter than 2r-rs; vein 3r-m 1.9 times as long as 2r-rs; vein
Rs + M about 1.7 times as long as 1-Rs.

Description. Forewing 6.5 mm long, 2 mm wide (Fig. 5.4-6); vein C
straight; costal space moderately wide, and nearly constant in width
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from the base; vein Sc developed over entire length, joining C at the
point of 1r-rs and sclerotized; vein R at base of Rs straight and within
cell 1r weakly arcuate; pterostigma not completely sclerotized, with
enclosing veins particularly thick at base; combined length of cells 1r
and 2r longer than that of 3r + 4r; height of cell 3r + 4r lower than com-
bined height of 2r and pterostigma; veins 1r-rs and 2r-rs vertical vein
2r-rs longer than 4-Rs, two times as long as 1r-rs; base of vein 2r-rs two
times closer to apex of pterostigma than to 1r-rs; vein 1-Rs subequal in
length to 1-M; vein Rs + M about five times as long as 1-Rs; vein 2-Rs
weakly arcuate; vein 5-Rs five times as long as 4-RS; cells 3r + 4r grad-
ually narrowing from base to apex; vein 2r-m slightly inclined, 1.3 times
shorter than 2r-rs; vein 3r-m 1.9 times as long as 2r-m; vein 3-Cu 1.8
times as long as 1m-cu, forming weakly arcuate line with 1m-cu; free
ends of veins M and Cu lost; vein 3r-m gradually passing into 5-M; vein
2m-cu gradually passing into 4-Cu; vein 3-M straight.

Comparison. Several diagnostic characters on MMHF3-00097 such
as (i) pterostigma not completely sclerotized, while its vein is par-
ticularly thick at the base, (ii) combined length of the cells 1r and
2r longer than that of 3r + 4r; height of the cells 3r + 4r lower than
the combined height of 2r and pterostigma, (iii) vein 1-Rs subequal
in length to 1-M and (iv) vein Rs (4-Rs and 5-Rs) straight at the
point of connection with 2r-m support an assignment to the genus
tSamarkandykia. Like 1S. haradai sp. n., 1S. noharai sp. n. dif-
fers from 1S. ryzhkovae and tS. shmakovi in the straight vein R
at the base of Rs, the vertical vein 2r-rs, and the free ends of veins
M and Cu being lost. Also, vein 3-Cu is much longer than 1m-cu.
The present species differs from t1S. haradai sp. n. in vein 2-Rs
weakly arcuate, and vein R within the cell 1r weakly arcuate. Vein
Sc running when visible close to R until forming a bridge to C apex
next to pterostigma base is possibly a unique character state of all
Hymenoptera.

Remarks. tSamarkandykia noharai sp. n. bears a vein connecting R
and M-Cu near base of 1rm cell. It probably represents an individual
aberration because this morphological feature was found in no other
species of Hymenoptera, extinct or extant.

tSamarkandykia sp.
Fig. 5.7-8

Specimen. MMHEF3-00098, a right forewing adpression with most
of basal part missing and a small portion of the apex (Fig. 5.7-8).

Occurrence. Ominé locality [Momonoki Formation, Japan;
Carnian, Upper Triassic (Hase 1951, Ishibashi et al. 1990)].

Description. Forewing 3.4 mm long, 1.8 mm wide (Fig. 5.7-8);
costal space moderately wide; vein Sc fragmentary, distant from R as
preserved, possibly reaching C near level of Rs base; vein R at base of
Rs curving slightly; vein R weakly arcuate within cell 1r; pterostigma
not sclerotized, and its vein thickened; veins 1r-rs and 2r-rs proclival
vein 2r-rs almost as long as 1r-rs; base of vein 2r-rs four times closer
to apex of pterostigma than to 1r-rs; vein 1-Rs longer than 1-M;
vein Rs + M longer than 1-Rs; vein 2-Rs straight; vein 5-Rs about
three times as long as 4-Rs; cell 3r + 4r gradually narrowing from
the base to the apex; vein 2r-m vertical, and longer than 2r-rs; vein
3r-m 1.5 times as long as 2r-m; vein 3-Cu approximately as long as
1m-cu, and forming a weak arcuate line with 1m-cu; free ends of
veins M and Cu lost; vein 2m-cu gradually passing into 4-Cu; vein
3-M straight.

Comparison. The specimen MMHF3-00098 is small, and displays a
strong sclerotization of the pterostigma edges, a combined length of
the cells 1r and 2r longer than that of 3r + 4r, the height of the cell
3r + 4r lower than the combined height of 2r and pterostigma, 4-Rs
and 5-Rs straight at the joint for 2r-m, and vein 1-Rs longer than 1-M.
These features allow an assignment to the genus tSamarkandykia.

Compared with other species in this genus, the specimen
MMHF3-00098 is most similar to other Ominé species in the lack
of the distal ends of M and Cu and a wide costal space. More par-
ticularly, it is most similar to tS. haradai sp. n. owing to vein 3r-m
being 1.5 times as long as 2r-m. However, the specimen MMHEF3-
00098 lacks several critical areas, including the end of vein Sc and
part of the pterostigma base, making it impossible to assess its actual
specific identity.

The specimen MMHF3-00098 can also be compared with 1S.
shmakovi, with which it shares a vein 3-Cu approximately as long
as Im-cu (but differs from it due to a wider costal space and Rs + M
longer than 1-Rs). Finally, the specimen MMHF3-00098 differs
from 1S. ryzhkovae in vein 3-Cu approximately as long as 1m-cu,
and the absence of the free ends of veins M and Cu.

Genus TOminexyela gen. n.
urn:lsid:zoobank.org:act:24447BBB-SADC-4EB2-878F-
75D9FF650FES

Etymology. The genus name combines the name of the type locality,
Ominé, with the suffix “xyela,” traditionally used from Xyelidae.

Type species. +Ominexyela ishidai sp. n.

Species composition. Only tOminexyela ishidai sp. n. (Carnian,
Japan)

Occurrence. Ominé locality [Momonoki Formation, Japan;
Carnian, Upper Triassic (Hase 1951, Ishibashi et al. 1990)].

Diagnosis. Body large (13.7 mm, excluding antenna and ovi-
positor); clypeus wavy and strongly projecting anteriorly at middle
of head; pronotum rectangular with edged anterior margin; ab-
dominal tergum 10 exceptionally long and cone-shaped; ovipositor
extremely long and gradually narrowing to apex, apical section
with teeth; forewing over 9 mm long, vein C having an arcuate line
from base to the apex; costal space extremely narrow, especially
opposite cell 1r; veins 4-Rs and 5-Rs almost aligned; vein 1-Rs
longer than half of Rs + M; cell 3r + 4r narrow; vein 3-Cu clearly
longer than 1m-cu.

Comparison. The genus shares diagnostic features of tMadygellinae,
as follows: narrow costal space; vein Sc weakly developed;
pterostigma not sclerotized, with its edges thickened; vein Rs simple
(i.e., without anterior branch).

Compared with known tMadygellinae genera, the new genus is
morphologically similar to tSamarkandykia in veins 4-Rs and 5-Rs
being sub-aligned at the joint with 2r-m, and vein 1-Rs longer than
1-M. It differs from tSamarkandykia by the following traits: larger
size (best appreciated using forewing length, with 9.6 mm in the
type species, but 4.5-6.5 mm in tSamarkandykia spp., known from
isolated wings); vein Sc vanishing before reaching C; costal space
extremely narrow (particularly opposite the 1r cell). From other
madygelline genera it differs as follows: from tMadygella, in having
a larger body size (4.8 mm in +Madygella fujiyamai sp. n.), strongly
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projected clypeus, nearly circular mesonotum, small mesoscutellum,
and straight veins 4-Rs and 5-Rs at the joint with 2r-m; and from
tChubakka in bearing narrow cell 3r + 4r, straight veins 4-Rs and
5-Rs at the joint with 2r-m, and vein 5-Rs longer than 4-Rs. This
justifies erection of the new genus.

+Ominexyela ishidai sp. n.

urn:lsid:zoobank.org:act:A3CB2E2B-6135-428C-B1B7-
BED4B7A58321

Figs. 6-8

Etymology. The specific name honors Hideo Ishida, a fossil collector
who collected the holotype and donated it to MMHE

Holotype. MMHF3-00100, a well-preserved female individual with
most of the body preserved (Figs. 6 and 7). The specimen was previ-
ously illustrated on plate 7.4 in Takahashi et al. (1997).

Diagnosis. As for the genus.

Description. Body (excluding antenna and ovipositor) 13.7 mm in
length, and 3.3 mm in width at the widest part; color pattern not
preserved (Fig. 6).

Head (Figs. 6.1,2 and 7.1-2,6) nearly circular and massive
(Fig. 7.1), 2.3 mm in length with mandible, 2.6 mm in width (as
wide as thorax; Fig. 7.1,2), and with densely distributed pits (Fig.
7.6); compound eyes (1.2 mm in length and 0.5 mm in width)
relatively large, oval, and located laterally on the head (Fig. 7.1);
ocelli in low triangle (Fig. 7.6); clypeus wavy and strongly pro-
jecting anteriorly at the middle of the head (Fig. 7.1); two parallel
lines present on the occiput (Fig. 7.1); mandibles asymmetrical in
size, relatively large, bent and sickle-shaped (Fig. 7.1); antennal
sockets located between compound eyes distant from mandible
bases; scape and pedicel indistinguishable; first flagellomere of
antenna nearly six times longer than wide (1.2 mm in length and
0.2 mm in width) and longer than the rest of the flagellomeres
combined (Fig. 7.1,2).

Thorax (Figs. 6.1,2, and 7.3,7) 2.6 mm long (0.3 mm for
pronotum and 2.3 mm for mesonotum and metanotum) and 2.3 mm
wide at tegulae (Fig. 7.3), i.e., nearly as wide as head (Figs. 6.1,2),
with sparse pits present on its surface (Fig. 7.7); pronotum rect-
angular, with ridge on part of anterior margin (Fig. 7.3); mesonotum
nearly circular, anterior and posterior margins of mesonotum
slightly arcuated (Fig. 7.3), with medial mesoscutal sulcus, tegulae,
and notauli strongly impressed, with no transscutal articulation (Fig.
7.3); medial mesoscutal sulcus reaching to mesoscutellum (Figs. 6.2
and 7.3); notaulus forming a “V” at anterior part of mesonotum
(Fig. 7.3); mesoscuto-scutellar sulcus forming “V” pointing anteri-
orly (Fig. 7.3); metascutum with small metascutellum and cenchri,
and metapostnotum unidentifiable (Fig. 7.3); coxa, femur, and tibia
preserved (Figs. 6.1,2 and 7.3).

Abdomen (Figs. 6.1,2 and 7.3-5,8) 8.3 mm long (excluding ovi-
positor sheath) and 2.9 mm wide at the 1st tergum (Figs. 7.1-2), with
a total of 10 terga (from the 1st to 10th tergum, length of 0.6 mm,
1.5 mm, 0.5 mm, 0.7 mm, 0.7 mm, 0.6 mm, 0.8 mm, 1.0 mm,
0.9 mm, and 1.0 mm, respectively); 1st tergum split medially (Figs.
6.1-2 and 7.3); dense network of ridges, somewhat fingerprint-like,
present on surface of the 2nd tergum (Fig. 7.8); 10th tergum elongate
and cone-shaped (Fig. 7.4); spiracles visible on the 4th and 8th terga
(Fig. 6.1-2); ovipositor elongate, gradually narrowing from the
base to the apex (Fig. 7.4), 5.65 mm long (2.2 mm for its valvifer 2,

3.45 mm for its valvula 3), and 0.51 mm wide (length ratio of 0.09),
with serrate margins of apical section (Fig. 7.5); ovipositor sheath
similar with ovipositor in outline except wider basally (Fig. 7.5).

Forewings well preserved (Fig. 6.3,5), in particular right fore-
wing (Fig. 6.5), 9.6 mm long as preserved, and 2.7 mm wide; vein Sc
developed only near the base of R; vein C somewhat arcuate poster-
iorly (possibly due to deformation); costal space extremely narrow,
especially opposite cell 1r; portion of vein R basal to origin of Rs
straight, slightly dilated, and then arcuate at cell 1r; pterostigma not
sclerotized, with its basal edge thick; vein 2r-rs inclined, longer than
4-Rs, 1.8 times as long as 1r-rs; base of vein 2r-rs 2.4 times closer to
apex of pterostigma than to 1r-rs; vein 1-Rs longer than 1-M; vein
Rs + M about 1.6 times as long as 1-Rs; vein 2-Rs straight; vein 5-Rs
five times as long as 4-Rs; cell 3r + 4r gradually narrowing from base
to apex; vein Rs (4-Rs and 5-Rs) straight at 2r-m; combined length
of cells 1r and 2r longer than that of 3r + 4r; height of cell 3r + 4r
less than combined height of cell 2r and pterostigma, vein 2r-rm in-
clined, and 1.6 times as long as 2r-rs; vein 3-Cu three times longer
than 1m-cu, and forming an arcuate line with it; vein 3-M weakly
arcuate; hindwing partially preserved and at least 6.2 mm long (Fig.
6.4-5); veins C and Sc indistinguishable; vein R arcuate at base of
Rs; cell r closed; vein 3r-m slightly shorter than adjacent sections of
Rs and M.

Comparison. See generic comparison.

Discussion

Ovipositor Shape Among Xyelidae Fossils

Measurements of ovipositors of the Ominé material and of
other fossil and extant Xyelidae are plotted in Fig. 9 (see also
Supplementary Table S1). Two ovipositor shape categories can
be roughly delimited, with high (W/L = 0.04-0.23) and a low as-
pect ratio (W/L > 0.26). The ovipositor of the selected extant spe-
cies cover extreme positions of a wide range of aspect ratios: Xyela
sp. is located in the high aspect ratio area (W/L =0.11; and see
Supplementary Fig. 10.3), while Megaxyela sp. belongs to the low as-
pect ratio area (W/L = 0.30-0.31; and see Supplementary Figs. 10.1-
2). In contrast, the earliest members of Xyelidae, from the Triassic,
are restricted to the high aspect ratio area (W/L = 0.04-0.11) with,
for example, the ovipositors of +Ominexyela ishidai gen. et sp. n.
and of tMadygella fujiyamai sp. n. (W/L = 0.09, 0.08, respectively).
In comparison with Triassic Xyelidae, their Jurassic counterparts oc-
cupy a broader range of ovipositor aspect ratios (W/L = 0.10-0.28),
and document the earliest occurrence of the “low aspect ratio” shape
category, with tAbrotoxyela multiciliata Gao et al., 2009. Upper
Jurassic Xyelidae exhibit an even wider range of ovipositor aspect
ratios, with extreme positions occupied by tEnneoxyela karatavica
Rasnitsyn, 1965 (W/L =0.04) and tNigrimonticola longicornis
Rasnitsyn, 1966 (W/L = 0.38; Supplementary Figs. 7.1-3). A similar,
broad range characterizes Lower Cretaceous Xyelidae (W/L = 0.06—
0.41), with tAnthoxyela turgensis Rasnitsyn, 1990 displaying the
lowest ratio for all Xyelidae (W/L = 0.40; Supplementary Figs.
7.9-11). The Xyelidae are documented by a very scarce sample for
the Late Cretaceous, with a single occurrence, tChionoxyela nivea
Rasnitsyn, 1993 (Supplementary Figs. 8.9-10), displaying a very low
aspect ratio ovipositor (W/L = 0.36). The distribution of ovipositor
aspect ratios for Cenozoic (Eocene) Xyelidae is overall similar to
that observed for extant forms, with two clusters occupying the high
aspect ratio area (W/L = 0.09-0.18), with, for example +Megaxyela
petrefacta Rasnitsyn, 1969 (W/L =0.15; Supplementary Fig. 9);
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and a single occurrence for the low aspect ratio, with {Proxyelia
pankowskii Jouault et al., 2021 (W/L = 0.34).

Geographic Distribution of Early Xyelidae

The earliest fossil record of Xyelidae is from the Triassic, with most
of the know species assigned to the subfamilies tArchexyelinae and
tMadygellinae. Triassic Xyelidae have been found from five localities
distributed in Southern Pangea [Mt. Crosby, Australia (Riek 1955, Engel
2005); Molteno, South Africa (Schliiter 2000); Potrerillos, Argentina
(Lara et al. 2014)] and Northern Pangea [Madygen, Kyrgyz Republic
(Rasnitsyn 1964, 1969, Kopylov 2014, Denisova et al. 2023); Ominé,
Japan; (Oyama and Maeda 2020; and herein)] (Table 1; Fig. 10). Among
them, the tArchexyelinae, consisting of 12 genera and 27 species, shows

the widest distribution, with occurrences in both hemispheres (Mt.
Crosby and Madygen; Ominé material remaining to be described); while
the TMadygellinae are restricted to Northern Pangea, with a similar taxo-
nomic diversity in both Madygen and Ominé localities (Fig. 10). These
data suggest that Xyelidae were already widespread by the Triassic.
However, this view must be balanced in the light of abundance data:
the entire fossil record of Xyelidae for Southern Pangea is composed of
four wings; at Madygen, Xyelidae account for less than 1% of all insect
occurrences (Denisova et al. 2023); and at Ominé, the entire Xyelidae
(described tMadygellinae and yet undescribed Archexyelinae) account
for about 1% of all insect occurrences (N.O., pers. obs. 2024). In sum-
mary, early Xyelidae displayed a widespread distribution but a moderate
taxonomic diversity and very low abundance.
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Fig. 9. Distribution of ovipositor shapes (W/L) of 56 fossil species and 2 extant species of Xyelidae during Triassic to Recent and major evolutionary trends. To
make the distribution easier to read, aspect ratios are expressed as inverted numbers (W/L) on the vertical axis.
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Past Disparity of Xyelidae

Considering taxonomic diversity, extant Xyelidae represent a very
small subset of the past diversity of the family (Jouault et al. 2021).
This evolutionary pattern can also be appreciated based on phenetic
diversity, also called disparity. The diversity of ovipositor shapes in
this group allows such investigation. In extant Hymenoptera in gen-
eral, the ovipositor is used in diverse ways in the process of ovipos-
ition, e.g., to cut plant tissue, to drill into wood or to deliver eggs
to a hidden or open host; or, in some groups, only to inject venom.
The morphology and anatomy of ovipositor closely corresponds to
these functions (Rasnitsyn 1969, Quicke et al. 1994, Vincent and
King 1995, Vilhelmsen 2000, 2003, Weltz and Vilhelmsen 2014,
Kumpanenko et al. 2019, Csader et al. 2021).

In extant Xyelidae, females are characterized by a well-developed
ovipositor, falling into two narrow-range types. In Xyelinae it is
characterized by a high aspect ratio, with a shape ranging from “long
and wide” (i.e., “dagger-like”) to “long and narrow” (i.e., “needle-
like”), with intermediate forms; while, in Macroxyelinae, it has a
low aspect ratio (“short and wide” type) (Fig. 9). Despite a limited
record, a wider variety of ovipositor types are known from fossil rep-
resentatives. The material from Ominé, described herein, provides a
useful documentation of ovipositor shapes in the earliest Xyelidae.
There is a slight difference in the ovipositor morphology between
the two newly documented species: in TMadygella fujiyamai sp. n.
it is thin and not tapering, with a somewhat rounded apex; while in
tOminexyela ishidai gen. et sp. n. it is basally wider and is tapering
(“wedge-shaped” outline), and has a sharper apex (i.e., needle-like
apically). The former is best considered as “needle-like” ovipositor;
while the latter is best considered as “dagger-like” ovipositor. In
spite of such interspecific difference, these represent the earliest ovi-
positor styles in the evolutionary history of Hymenoptera, with high
aspect ratio (W/L = 0.04-0.11; Fig. 9). These types are also present
in Triassic TArchexyelinae (Rasnitsyn, 1964, 1969). We suppose that
such ovipositor types were fit to lay eggs deep into plant tissues and
particularly into the gymnosperm staminate cones (possibly, second-
arily also into plant shoots as well) to secure the endophytic devel-
opment of the larva, as it occurs in the living Xyelinae with a similar
ovipositor shape (Smith 1967). Such high aspect ratio, “needle-”
and “dagger-like” ovipositor types are known to occur, mainly in
Xyelinae, in the Jurassic (tPlatyxyela tenuis (Zheng, Hu, Chen, et al.
2021); W/L = 0.11), the Cretaceous (1 Xyela (Mesoxyela) mesozoica
Rasnitsyn, 1965; W/L = 0.11), and until present time (living Xyela
spp-; W/L = 0.11) (Fig. 9; Supplementary Table S1).

Modifications from this ground plan took place during the
Jurassic, in relation with the appearance of new taxa. Within
Xyelinae, a “long and wide” ovipositor type (W/L =0.12-0.18)
is known in Middle Jurassic sawflies of the tribe Xyelini, such as
tEoxyela tugnuica Rasnitsyn, 1983. This type of ovipositor re-
mained common in the Jurassic, Cretaceous and Cenozoic Xyelini.
Moreover, in the Jurassic the Xyelinae are also represented by the
Liadoxyelini, which displayed a broader range of ovipositor shapes
(W/L = 0.11-0.26). Their extinction, at the Jurassic-Cretaceous tran-
sition, led to a loss in disparity for the subfamily. The “long and
wide” ovipositor type was also typical for the short-lived Jurassic
tDaohugoinae.

A “short and wide,” low aspect ratio ovipositor type
(W/L =0.26-0.41) appeared also in the Middle Jurassic, with the
early Macroxyelinae tAbrotoxyela multiciliata Gao et al., 2009
(W/L =0.28). The group diversified and flourished in the Upper
Jurassic and more prominently in the Early Cretaceous (e.g.,
tAnthoxyela turgensis Rasnitsyn, 1990; W/L = 0.41), and declined

later on, nowadays composing a small relict group with a narrow
range of ovipositor aspect ratio (W/L = 0.30-31). The appearance of
this “short and wide” ovipositor indicates a transition from deep to
subsurface insertion of the egg and, by implication, a departure from
the endophytic development, within a male conifer cone (still pre-
served in extant Xyela species; Blank et al. 2013, Naito et al. 2020),
in favor of the external development on leaves of stem-angiosperms
(with further transformation into the feeding on leaves of elms and
hickories by larvae of the extant Macroxyela and Megaxyela, re-
spectively; Blank et al. 2017, Shinohara et al. 2017, Naito et al.
2020). It can then be assumed that ovipositor shape transition was
accompanied with a larval diet change in Macroxyelinae (in con-
trast to Xyelinae). A similar switch to angiosperms in known to have
occurred in tenthredinoid sawflies (Nyman et al. 2019), which also
perform superficial insertions of eggs onto leaves using “short and
wide” ovipositors (Vilhelmsen 2000, Weltz and Vilhelmsen 2014).
In summary, the fossil record of Middle Jurassic to Lower
Cretaceous sawflies shows the highest diversity of ovipositor types
for the family, with the high aspect ratio ones present in Xyelinae
and tDaohugoinae and the “short and wide” type in Macroxyelinae.
Afterwards, the range of ovipositor types slightly declined but, more
importantly, concentrated on the two, very distinct types known
nowadays. Also, specialization in ovipositor type diversity seemingly
occurred during the Jurassic-Cretaceous transition for the Xyelinae,
while Macroxyelinae displayed a peak of diversity during the Lower
Cretaceous. In other words, decline in disparity was probably not
contemporaneous in Xyelinae and Macroxyelinae.

Supplementary data

Supplementary data are available at Insect Systematics and Diversity online.
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	Diagnosis.  Forewing characters: from wing base to the base of pterostigma, vein C distinctly arcuated (i.e., costal space wide, gradually broadening from base to its middle, then narrowing); vein Sc developed over its entire length; vein R straight dista
	Description. Forewing 5.6 mm long, 2.7 mm wide (Fig. 5.1–3); vein C exhibiting an arcuate line from base to anterior margin; costal space wide, gradually widening from base to middle, then narrows to apex; vein Sc developed over entire length, joining C b
	Comparison. Several diagnostic characters on KMNH IP 000,101 such as (i) pterostigma not completely sclerotized, with its anterior edge particularly thick, (ii) combined length of the cells 1r and 2r longer than that of 3r + 4r; height of the cells 3r + 4
	Remarks. Fig. 5.3 provides a tentative reconstruction of the complete forewing, with the posterior-distal area tentatively relocated as if undamaged.
	Etymology. The specific name honors Masanori Nohara, who collected the holotype and donated it to MMHF.
	Holotype. MMHF3-00097, well-preserved adpression of a right forewing in dorsal and ventral aspects, with base and apex missing (Fig. 5.4–6).
	Occurrence. Ominé locality [Momonoki Formation, Japan; Carnian, Upper Triassic; (Hase 1951, Ishibashi et al. 1990)].
	Diagnosis. Forewing characters: vein Sc developed over its entire length, joining C opposite 1r-rs; base of vein 2r-rs about 2.4 times as close to apex of pterostigma as to 1r-rs; vein 2r-m slightly inclined, 1.3 times shorter than 2r-rs; vein 3r-m 1.9 ti
	Description. Forewing 6.5 mm long, 2 mm wide (Fig. 5.4–6); vein C straight; costal space moderately wide, and nearly constant in width from the base; vein Sc developed over entire length, joining C at the point of 1r-rs and sclerotized; vein R at base of 
	Comparison. Several diagnostic characters on MMHF3-00097 such as (i) pterostigma not completely sclerotized, while its vein is particularly thick at the base, (ii) combined length of the cells 1r and 2r longer than that of 3r + 4r; height of the cells 3r 
	Remarks. †Samarkandykia noharai sp. n. bears a vein connecting R and M-Cu near base of 1rm cell. It probably represents an individual aberration because this morphological feature was found in no other species of Hymenoptera, extinct or extant.
	Specimen. MMHF3-00098, a right forewing adpression with most of basal part missing and a small portion of the apex (Fig. 5.7–8).
	Occurrence. Ominé locality [Momonoki Formation, Japan; Carnian, Upper Triassic (Hase 1951, Ishibashi et al. 1990)].
	Description. Forewing 3.4 mm long, 1.8 mm wide (Fig. 5.7–8); costal space moderately wide; vein Sc fragmentary, distant from R as preserved, possibly reaching C near level of Rs base; vein R at base of Rs curving slightly; vein R weakly arcuate within cel
	Comparison. The specimen MMHF3-00098 is small, and displays a strong sclerotization of the pterostigma edges, a combined length of the cells 1r and 2r longer than that of 3r + 4r, the height of the cell 3r + 4r lower than the combined height of 2r and pte
	Etymology. The genus name combines the name of the type locality, Ominé, with the suffix “xyela,” traditionally used from Xyelidae.
	Type species. †Ominexyela ishidai sp. n.
	Species composition. Only †Ominexyela ishidai sp. n. (Carnian, Japan)
	Occurrence. Ominé locality [Momonoki Formation, Japan; Carnian, Upper Triassic (Hase 1951, Ishibashi et al. 1990)].
	Diagnosis. Body large (13.7 mm, excluding antenna and ovipositor); clypeus wavy and strongly projecting anteriorly at middle of head; pronotum rectangular with edged anterior margin; abdominal tergum 10 exceptionally long and cone-shaped; ovipositor extre
	Comparison. The genus shares diagnostic features of †Madygellinae, as follows: narrow costal space; vein Sc weakly developed; pterostigma not sclerotized, with its edges thickened; vein Rs simple (i.e., without anterior branch).
	Etymology. The specific name honors Hideo Ishida, a fossil collector who collected the holotype and donated it to MMHF.
	Holotype. MMHF3-00100, a well-preserved female individual with most of the body preserved (Figs. 6 and 7). The specimen was previously illustrated on plate 7.4 in Takahashi et al. (1997).
	Diagnosis. As for the genus.
	Description. Body (excluding antenna and ovipositor) 13.7 mm in length, and 3.3 mm in width at the widest part; color pattern not preserved (Fig. 6).
	Comparison. See generic comparison.
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