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Abstract. Paleoxyela nearctica gen. et sp. nov., is described
from the upper Eocene of Florissant Formation in Colorado.
We placed Paleoxyela gen. nov. in the subfamily Macrox-
yelinae and the tribe Macroxyelini based on the numerous
wing venation characters visible on the specimen. Proxyelia
pankowskii gen. et sp. nov. is described from the lower
Eocene Fossil Lake deposits of the Green River Formation
in Wyoming. We placed Proxyelia gen. nov. in the subfamily
Macroxyelinae and the tribe Xyeleciini based on the numer-
ous wing venation characters visible on the specimen. These
new records of the family Xyelidae are of particular impor-
tance to better understand the past diversity of the clade and
propose hypotheses about their diversification. Extant Xyel-
idae inhabit temperate Northern Hemisphere forests, and
most of their larvae feed on conifers, which may explain
why they are relatively poorly diversified compared to the
other symphytan families. We suggest that the global de-
cline in conifers and the reduced diversity of extant host trees
partly explain the diversity of extant Xyelidae. We correlate
the biome repartition during the Eocene to that of the extant
xyelid.

1 Introduction

The “symphytan” superfamily Xyeloidea Newman, 1834, is
broadly accepted as the earliest diverging clade within the
crown group Hymenoptera (Ronquist et al., 2012), while a
recent study rather suggested the Pamphilioidea as the ear-
liest diverging clade (Peters et al., 2017). Therefore, doc-

umenting the fossil record of this superfamily is crucial to
better understand the early radiation of Hymenoptera and re-
fine the time divergence estimate of the Hymenoptera aris-
ing. The Xyeloidea currently comprise the Xyelidae New-
man, 1834, and the fSyspastoxyelidae Engel and Huang,
2016 (Zheng et al., 2021a). The former comprises about 80
extant species distributed in five genera (Taeger et al., 2018).
Interestingly, the fossil record of the Xyelidae is abundant,
even if rather poorly documented. More than 80 Mesozoic
species within 47 genera are currently attributed to Xyeli-
dae (e.g., Rasnitsyn, 1964, 1969; Wang et al., 2012; Kopy-
lov, 2014; Zheng et al., 2019a, 2021b). In comparison, the
Cenozoic record of the family is more reduced, with only 14
species known to date (Table 1).

If the extant Xyelidae are widely distributed in the North-
ern Hemisphere, they clearly display a relict distribution in
view of their past distribution and diversity, i.e., known from
deposits of the Southern Hemisphere (e.g., Lara et al., 2014)
and from numerous species. This distribution may be par-
tially explained by the distribution of the host plants of their
larvae. Extant xyelid larvae are phytophagous and associated
with trees. Some xyeline species are associated with conifers,
which may explain the reduced number of extant species
(see discussion below). Interestingly, conifers are also known
from Fossil Lake but are limited to a winged seed, dubious
cone structures, and groups of needles which are more likely
attributed to disarticulated Ceratophyllum leaves.

Here we describe two new North American fossils belong-
ing to the crown group of the family Xyelidae, from the
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Table 1. Fossil record of family Xyelidae during Cenozoic.

Taxa Locality Age Formation Country Reference
Enneoxyela cenozoica Zhang, 1989 Shanwang, Burdigalian ~ Shanwang Formation  China Zhang (1989)
Linqu County
Megaxyela petrefacta Brues, 1908 Florissant Chadronian  Florissant Formation USA Brues (1908)
of Colorado
Megaxyela yaoshanica Zhang, 1989  Shanwang, Burdigalian =~ Shanwang Formation = China Zhang (1989)
Linqu County
Paleoxyela nearctica gen. et sp. nov.  Florissant Chadronian ~ Florissant Formation ~USA This study
of Colorado
Proxyelia pankowskii gen. et sp. nov.  Green River Ypresian Green River Forma- USA This study
tion
Xyela (Pinicolites) graciosa Septmonts Chattian Rott Formation Germany  Meunier (1920)
Meunier, 1920
Xyela (Xyela) angustipennis North Rhine- Chattian Rott Formation Germany  Statz (1936)
Statz, 1936 Westphalia
Xyela (Xyela) florissantensis Florissant Chadronian  Florissant Formation USA Rasnitsyn
Rasnitsyn, 1995 of Colorado (1995)
Xyela (Xyela) julii Brébisson, 1818 North Rhine- Chattian Rott Formation Germany  Brébisson
Westphalia (1818)
Xyela (Xyela) latipennis Statz, 1936 Rott Chattian Rott Formation Germany  Statz (1936)
Xyela (Xyela) magna Statz, 1936 Rott Chattian Rott Formation Germany  Statz (1936)
Xyela (Xyela) menelaus Rott Chattian Rott Formation Germany Benson (1960)
Benson, 1960
Xyela (Xyela) micrura Rott Chattian Rott Formation Germany  Rasnitsyn
Rasnitsyn, 1995 (1995)
Xyelecia xiejiaheensis Hong, 1983 Shanwang, Burdigalian =~ Shanwang Formation  China Hong (1983)
Linqu County

Ypresian Green River Formation and from the Chadronian
Florissant Fossil Beds.

The Fossil Lake sediments of the Green River Formation
are dated from ca. 51.98 Ma (Smith et al., 2008, 2010), cor-
responding to the Early Eocene Climatic Optimum (EECO),
a long-lived hypothermal event which may have had an im-
pact on the evolutionary history of the Xyelidae. The Floris-
sant Fossil Beds are younger than the Green River Forma-
tion since they are dated ca. 34.07 Ma (Evanoff et al., 2001)
and slightly postdate another important thermal event of the
Eocene: Middle Eocene Climatic Optimum (MECO).

The discovery of these new xyelid genera in the Florissant
Fossil Beds and in the Green River Formation, together with
the distribution of Mesozoic and extant xyelid, suggests that
the family was already widely distributed at this latitude dur-
ing the Eocene. Note that the Eocene Fushunoxyela virido-
capitata (Hong, 2002) is not treated as a xyelid wasp (Blank
etal., 2009, p. 31). We correlate the discoveries of Paleoxyela
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nearctica gen. et sp. nov. and Proxyelia pankowskii gen. et
sp. nov. and the past biome heterogeneity, particularly that of
the Eocene period, to assume that the Eocene biomes have
participated in conditioning the distribution of extant Xyeli-
dae.

2 Material and methods
2.1 Florissant fossil beds

The holotype of Paleoxyela nearctica gen. et sp. nov. de-
rives from Florissant Fossil Beds National Monument in
Teller County, Colorado (see Smith, 2008, fig. 1). The Floris-
sant Formation has been dated at 34.07 Ma (Evanoff et al.,
2001), and the fossil beds were deposited in a paleolake that
was formed by the volcanoclastic debris flow damming of
the drainage basin (McLeroy and Anderson, 1966; Evanoff
et al.,, 2001). The study of the fossil plant assemblage

https://doi.org/10.5194/fr-24-379-2021
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suggests a warm—temperate paleoenvironment (MacGinitie,
1953). More recent studies, using several proxies (physiog-
nomic and floristic criteria: e.g., Meyer, 2001; Leopold and
Clay-Poole, 2001; multivariate analysis of leaf characters:
e.g., Gregory and Mclntosh, 1996; comparison to modern
forest communities: Boyle et al., 2008; and the mutual cli-
mate range of Diptera: Moe and Smith, 2005), have esti-
mated mean annual temperatures (MATSs) between 10.8 and
17.5 °C (today between 9.30 and 18.97 °C). Additional study
also quantified on-site precipitation at approximately 50 cm
per year using the composition of the fossil flora (MacGini-
tie, 1953).

The holotype of Paleoxyela nearctica gen. et sp. nov. is
housed in the collection of the Museum of Natural History,
University of Colorado, USA, under the collection number
UCM 18643. Photographs have been taken with a Canon
EOS 5Ds camera equipped with 65 mm MPE and 100 mm
canon macro lenses. A StackShot macro rail was used to ac-
quire the images that are digitally stacked photomicrographic
composites of several individual focal planes obtained using
Helicon Focus 6.7.

2.2 Green River Formation

The geology of the Green River Formation is relatively well
understood. This formation is composed of lacustrine sedi-
ments deposited in three basins by intermittently intercon-
nected lakes over a span of 8 million years (Smith et al., 2008
and others cited therein). The holotype specimen of Prox-
velia pankowskii gen. et sp. nov. originates from the vicin-
ity of Clear Creek Valley (10 mi, or 16.09 km, west of Kem-
merer, Wyoming, USA) in a talus block dislodged from the
cliff above the 18in. (45.72 cm) layer and below the K-spar
tuff (Archibald et al., 2021, fig. 2). The K-spar tuff, dated at
51.98 Ma, provides the only radiometric date for the Fossil
Lake deposits of the Green River Formation (Smith et al.,
2008, 2010). Association with Lambdotherium popoagicum
(Brontotheriidae, Perissodactyla), known from the 18in.
(45.72 cm) layer, denotes a Wasatchian 7 North American
land mammal age. The holotype of Proxyelia pankowskii
gen. et sp. nov. is housed in the collection of Fossil Butte
National Monument, Wyoming, USA, under the collection
number FOBU14313. Photographs have been taken with a
FUJI GFX 50S camera. The figures were composed with
Adobe Illustrator CC2019 and Photoshop CC2019 software.
Wing venation terminology is adapted from Goulet and
Hubert (1993). Published work and nomenclatural acts
are registered in ZooBank (http://zoobank.org/, last access:
5 November 2021), with the following life science identifier
(LSID) (reference): urn:lsid:zoobank.org:pub:578A65E0Q-
4FES8-4852-A840-AAC4FAA2ASFT.

https://doi.org/10.5194/fr-24-379-2021

3 Systematic paleontology

Order: Hymenoptera Linnaeus, 1758
Suborder: Symphyta Gerstaecker, 1867
Superfamily: Xyeloidea Newman, 1834
Family: Xyelidae Newman, 1834
Subfamily: Macroxyelinae Ashmead, 1898
Tribe: Macroxyelini Ashmead 1898

Paleoxyela gen. nov.

urn:lsid:zoobank.org:act:7F15690A-0437-4F67-AF19-
DI9FFE1F3CD18

Etymology

The generic name is a combination of the prefix paleo- and
xyelia commonly used for the xyelid genera.

Type species
Paleoxyela nearctica sp. nov.
Diagnosis

Antenna with eight flagellomeres distad first elongate flag-
ellomere; forewing with vein Sc2 joining R far from sepa-
ration of Rs from R, 1-RS and 1-M nearly equal in length;
short ovipositor; legs short (i.e., coxa not reaching abdomen
mid-length and legs not 1.5-2.0 x as long as body).

Paleoxyela nearctica sp. nov.
(Figs. 1-3)
urn:lsid:zoobank.org:act:71648E38-0501-49B6-AEOD-

970C3C5B7DE1
Holotype

Specimen identifier UCM 18643 housed in the collection
of the Museum of Natural History (University of Colorado,
USA).

Etymology

The specific epithet refers to the Nearctic origin of the fossil
and is to be treated as an adjective.

Locality and age
Florissant, Colorado, Paleogene, Eocene, Chadronian.
Diagnosis

As for the genus (vide supra).

Foss. Rec., 24, 379-393, 2021
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Description

Head transverse 1.71 mm long (mandibles included) and
2.32 mm wide, vertex broadly rounded; eyes wide, occupy-
ing a large part of head lateral surface; mandibles projected
anteriorly, partly covered by labrum; ocelli not preserved;
four conspicuous antennomeres (apical part poorly visible
and exact number not countable); scape ca. 0.50 mm long;
first flagellomere ca. 3.06 mm long, slightly wider near mid-
length, remaining part of flagellum ca. 0.23 mm long (maybe
longer but not preserved).

Thorax slightly wider than head, pronotum (in dorsal
view) short dorsomedially (ca. 0.35 mm long), slightly longer
laterally, mesoscutum massive, with notauli impressed but
apparently not meeting posteriorly, mesoscutellum, and re-
maining part of the thorax not discernable.

Forewing ca. 993mm long and 3.16 mm wide.
Pterostigma sclerotized, wide and longer than cell 2r;
costal area not dilated proximad near Scl and Sc2 fork;
Sc with two branches, Scl meeting with C far beyond Rs,
subequal to Sc2; Sc2 almost vertical, meeting R near the
middle of cell 1rs; Sc2 conspicuously shorter than 1-Rs,

Foss. Rec., 24, 379-393, 2021

Figure 1. Photograph of Paleoxyela nearctica gen. et sp. nov. Holotype UCM 18643. Scale bar: 5 mm. (© Talia Karim).

, ClatAR
S s

the latter subequal to 1-M; R slightly curved before origin
of Rs and slightly thickened before pterostigma; costal
space apically with vertical sclerotization between C with R
delimited from pterostigma with costal break (membraneous
slit); crossveins 1r-rs and 2r-rs, equal in length, straight or
nearly so; Rs+M about 2.3 times as long as 1-Rs; section of
Rs between 1r-rs and 2r-rs strongly arched toward posterior
margin of forewing; cell 1rs elongate, longer than cell 3r,
slightly trapezoidal; M+Cu slightly curved in its basal third;
Im-cu 0.72 times as long as 2-Cu or 3-Cu; 2m-cu straight
and 0.41 times as long as 4-Cu.

Hind wing with 1r-m long, meeting Rs slightly distad its
base; cell 1r thin and elongate; 1-M fully preserved, appar-
ently shorter than 1r-m; 2r-m and 3r-m straight, both nearly
equal in length; M+Cu straight; m-cu meeting 3-M in the
middle of 3r; 1cu-a not fully preserved, meeting Cu in the
middle of cell mcu; cell 1cua broad and long; 1A nearly
straight; cell la elongate, rectangular; 2A complete, nearly
straight.

Legs partly preserved. Hind femur ca. 3.20mm long,
slightly wider medially; hind tibia at least as long as femur.

https://doi.org/10.5194/fr-24-379-2021
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Figure 2. Paleoxyela nearctica gen. et sp. nov. Holotype UCM 18643. (A) Detailed photograph of head and thorax. (B) Detailed photograph
of right wings. (C) Detailed photograph of left wings. Scale bars: 1 mm. (© Talia Karim).

Abdomen with 10 visible segments, widest near mid-
length, length of abdominal segments measured dorsomedi-
ally (in millimeters): 0.53, 1.02, 0.89, 0.88, 0.90, 0.82, 0.94,
0.70, 0.56 (IX and X combined). Ovipositor ca. 0.75 mm
long, cercus slightly protruding from abdomen posteriorly
from segment 10.

Remark

To date, there is only one Macroxyelini fossil species known
from Florissant — Megaxyela petrefacta (Brues, 1908; Zh-
elochovtzev and Rasnitsyn, 1972) — but the new specimen
clearly differs from the latter species owing to the different

configuration of the vein 1-RS and 1-M, i.e., almost equal in
length (vs. 1-M much shorter than 1-RS in Megaxyela).

Tribe: Xyeleciini Benson, 1945

Proxyelia gen. nov.

https://doi.org/10.5194/fr-24-379-2021

urn:lsid:zoobank.org:act:3A8D4BFC-5BF2-47E3-
81E5-3758 ADSD273A

Etymology

The generic name is a combination of the prefix pro- and
xyelia commonly used for the xyelid genera.

Type species
Proxyelia pankowskii sp. nov.
Diagnosis

Flagellum short (less than 2 times longer than head);
forewing with pterostigma completely sclerotized; costal
area sclerotized apically (near pterostigmal base); small de-
sclerotization present near base of pterostigma; Sc two-
branched, with posterior branch (Sc2) shorter than anterior
branch (Scl); Sc2 slightly inclined, aligned with and meeting

Foss. Rec., 24, 379-393, 2021
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Figure 3. Paleoxyela nearctica gen. et sp. nov. Holotype UCM 18643. (A) Interpretative line drawing of right wing venation with cell (in
bold) and vein names labeled. (B) Interpretative line drawing of venation of left wings with cell (in bold) and vein names labeled. Scale bars:

1 mm.

1-Rs in a point; Sc1 longer than 1-Rs; 1-Rs distinct, conspic-
uously shorter than 1-M; crossvein 1r-rs subvertical, slightly
shorter than 2r-rs; cell 1rs short (not elongate); 1m-cu short,
about 3 times shorter than 3-Cu; cell 1mcu long and narrow,
3.7 times as long as wide. Third antennomere subequal to
head length.

Proxyelia pankowskii sp. nov.
(Figs. 4-5)

urn:lsid:zoobank.org:act: E7TE6CDSE-3AEB-4427-
8260-32EC0C49803D

Holotype

Specimen identifier FOBU14313, housed in the collection of
Fossil Butte National Monument, Wyoming, USA.

Foss. Rec., 24, 379-393, 2021

Etymology

Named after Michael Pankowski, who, after recognizing the
importance of the fossil offered for sale on the internet, pur-
chased and donated the specimen to Fossil Butte National
Monument. The specific epithet is to be treated as a noun in
a genitive case.

Locality and age

Clear Creek Valley, 10mi (16.09km) west of Kem-
merer, Wyoming, USA; Ypresian, lowermost Eocene (ca.
51.98 Ma).

Diagnosis

As for the genus (vide supra).

https://doi.org/10.5194/fr-24-379-2021
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Figure 4. Photograph of Proxyelia pankowskii gen. et sp. nov. Holotype FOBU14313. Scale bar: 1 mm.

Description

Head rounded, 1.15mm long (mandibles included) and
1.31 mm wide; eyes wide, occupying a large part of head
lateral surface; mandibles projected anteriorly, partly cov-
ered by labrum; ocelli not preserved; 12 conspicuous anten-
nomeres (apical part poorly visible and exact number not
countable); scape ca. 0.32mm long; first flagellomere ca.
1.05 mm long, slightly wider near mid-length, remaining part
of flagellum ca. 1.14 mm long; posterior margin of head con-
cave.

Thorax slightly wider than head ca. 1.38 mm wide.

Forewing ca. 546mm long and 1.90mm wide.
Pterostigma sclerotized, wide, and longer than cell 2r;
costal area obviously dilated proximad near Scl and Sc2
fork; Sc with two branches, Scl meeting with C slightly
distad of Rs, longer than Sc2; Sc2 almost vertical, meeting R
before at the originating point of 1-Rs; Sc2 slightly shorter

https://doi.org/10.5194/fr-24-379-2021

than 1-Rs, the latter distinctly shorter than 1-M; R strongly
curved before origin of Rs and slightly thickened before
pterostigma; crossvein lr-rs straight; 2r-rs slightly bend
near Rs and ca. 0.8 times as long as 1r-rs; distance between
base of 2r-rs and lr-rs nearly twice as long as distance
between apex of pterostigma and base of 2r-rs; Rs+M about
4.2 times as long as 1-Rs; section of Rs between 1r-rs and
2r-rs slightly arched toward posterior margin of forewing;
cell 1rs short, slightly trapezoidal; M+Cu slightly curved
medially; 1m-cu about half as long as 2-Cu and about 0.34
as long as 3-Cu; 2m-cu straight and 0.49 times as long as
4-Cu.

Hind wing with 1r-m long, meeting Rs slightly distad its
base; 1-M not fully preserved, ca. 2.7 times longer than 1r-
m; m-cu not reaching 3r-m, separated from 3r-m base (along
M) by a distance nearly equal to 3r-m length; cu-a not fully
preserved; M and Cu with free ends apparently not reaching

Foss. Rec., 24, 379-393, 2021
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Figure 5. Proxyelia pankowskii gen. et sp. nov. Holotype FOBU14313. (A) Detailed photograph of head. (B) Interpretative line drawing
of antenna. (C) Detailed photograph of pterostigma. (D) Interpretative line drawing of venation with cell (in bold) and vein names labeled.

(E) Detailed view of apical part of abdomen. Scale bars: 1 mm.

wing margin; 1A with not fully preserved, slightly curved;
2A not fully preserved.

Legs partly preserved. Foreleg thin and short, not clearly
discernible, with tibia ca. 0.84, mm long. Mid femur at least
0.91 mm long; tibia 0.92 mm; tarsi ca. 1.22 mm long, with
four preserved tarsomeres, first tarsomere the longest; length
of tarsomeres from base to apex (in millimeters): 0.52, 0.23,
0.22, 0.22. Hind femur ca. 1.20mm long, slightly wider
medially; tibia ca. 1.67 mm long and ca. 0.19 mm at max-
imal width; tarsi ca. 1.34mm long, with four preserved
tarsomeres, basitarsomere the longest (ca. 0.59 mm long);
length of other tarsomeres from base to apex (in millimeters):
TII 0.26, TII 0.19, TIV 0.23.

Foss. Rec., 24, 379-393, 2021

Abdomen with at least nine visible segments, widest near
mid-length.

4 Discussion
Systematic placement

Following the key to extant hymenopteran families of Ma-
son (1993), Paleoxyela gen. nov. and Proxyelia gen. nov. key
out in the family Xyelidae because of the following couplets:
forewings well developed; body apparently lacking constric-
tion between the thorax and abdomen, these elements being
largely related to each other; wing venation complete, with a

https://doi.org/10.5194/fr-24-379-2021
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Proxyelia panko

Paleoxyela nea

0 60E
5 : Repartition of extant Xyelidae
- : Tropical forest

- : Warm-temperate forest

! : Grassland and dry shrubland

120E 180

60W 0

: Temperate forest

120W
]
I : Boreal forest
I
=

: Savana and dry woodland

: Desert

Figure 6. (A) Map of the Eocene world with vegetation simulated by BIOME4 (modified from Herold et al., 2014) and distribution of extant
Xyelidae (from https://v3.boldsystems.org, last access: 7 November 2021). (B) World map of the Cretaceous period at 105 Ma with xyelid
localities indicated. (C) World map of the Jurassic period at 170 Ma with xyelid localities indicated. (D) World map of the Triassic period at
220 Ma with xyelid localities indicated (B, C, D; © PALEOMARP project).

pterostigma and several closed cells, especially on hind wing;
mesoscutum touching scutellum over a long oblique groove
on each side. Forewing with longitudinal vein Sc between C
and R; extremely elongated first flagellomere, more than 5
times longer than its width and significantly longer than sub-
sequent flagellomeres.

The character “enlarged first flagellomere succeeded by
a series of thinner and shorter flagellomeres™” is present
in Xyelidae but also the three Mesozoic families Syspas-

https://doi.org/10.5194/fr-24-379-2021

toxyelidae; Xyelotomidae Rasnitsyn, 1968; and Xyelydidae
(Engel et al., 2016). The mid-Cretaceous family Syspas-
toxyelidae differs from Paleoxyela gen. nov. and Proxyelia
gen. nov. in the reduced venation in the distal part of the
forewing (Engel et al., 2016; Wang et al., 2019; Zheng et
al., 2019b, 2021a). The Mesozoic Xyelotomidae have a dis-
tinctly broader forewing cell 1mcu and a very short 1-Rs
(Gao et al., 2009, 2016). Wang et al. (2016) recovered the
Xyelydidae as paraphyletic within the Pamphiloidea; nev-

Foss. Rec., 24, 379-393, 2021
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ertheless they also have a forewing cell 1mcu broader than
in Paleoxyela gen. nov. and Proxyelia gen. nov. (Rasnitsyn,
1969, 1983; Wang et al., 2015).

Following the key to subfamilies and tribes of Xyelidae
proposed by Zheng et al. (2021b), Paleoxyela gen. nov. keys
out in the subfamily Macroxyelinae and in the tribe Macrox-
yelini because of the following characters: along R, cell 2r
shorter than or, very rarely, as long as 1r; costal space api-
cal with vertical sclerotization between C with R delimited
from pterostigma with costal break; pterostigma sclerotized
(dark); ovipositor not narrow, extending behind abdomen; Sc
hind branch entering R distal of Rs base; 1-Rs not distinctly
shorter than 1-M; area around costal break narrowly or not at
all desclerotized; first flagellomere not shorter than posterior
flagellomeres together. Currently, the tribe Macroxyelini en-
compasses two genera, Macroxyela and Megaxyela. The new
specimen cannot be placed in the genus Macroxyela owing
to the vein Sc2 of forewing joining R far from the separation
of Rs from R (vs. close in Macroxyela) but also due to the
presence of eight flagellomeres after the first elongate flag-
ellomere. The new specimen differs from representatives of
the genus Megaxyela owing to the forewing with vein 1-RS
and 1-M nearly equal in length (vs. 1-M much shorter than
1-RS, usually about half as long as 1-RS in Megaxyela), the
short ovipositor (vs. relatively long), the legs not 1.5-2.0 x
as long as body, the coxae short (vs. long nearly reaching
abdomen mid-length) (Blank et al., 2017b, p. 9), and due to
the presence of eight flagellomeres distad the first elongate
flagellomere (Shinohara, 1992).

Following the key to subfamilies and tribes of Xyelidae
proposed by Zheng et al. (2021b), Proxyelia gen. nov. keys
out in the subfamily Macroxyelinae and in the tribe Xyeleci-
ini (originally considered to be a subfamily by Benson, 1945,
and treated as a tribe by Smith, 1967) because of the follow-
ing characters: along R, cell 2r shorter than cell 1r; costal
space apically with vertical sclerotization between C with R
delimited from pterostigma with costal break (well visible on
right wing and indicated by an arrow in Fig. 2C); pterostigma
fully sclerotized (dark); posterior branch of Sc entering R at
Rs base; 1-Rs about half as long as 1-M.

The tribe Xyeleciini comprises only the extant genus Xy-
elecia Ross, 1932, and the five Mesozoic genera Xyelites
Rasnitsyn, 1966; Uroxyela Rasnitsyn, 1966; Microxyelecia
Rasnitsyn, 1969; Bolboxyela Rasnitsyn, 1990; and Sclerox-
vela Zheng et al., 2021b. Proxyelia gen. nov. differs from
Xyelites and Uroxyela at least in having a distinct 1-Rs and
a long third antennomere; from Microxyelecia in having a
long third antennomere, i.e., as long as head (vs. shorter),
the anterior branch of Sc (Scl) long (vs. short), and a differ-
ent configuration of wing apex (i.e., with a long cell under
3r); from Xyelecia in having a short third antennomere, i.e.,
as long as head (vs. longer) and in the forewing a second
branch of Sc (Sc2) meeting R opposite base of 1-Rs (vs. well
basal 1-Rs); and from Scleroxyela in the same last character.
Proxyelia gen. nov. further differs from Xyelecia in the vein
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1-Rs emerging from R obliquely (vs. at right angle), cell 1r
shorter and distally broader; shorter cell 3r, as long as cell 1r
(vs. distinctly longer than Ir); cell 1rs very short (Ross, 1932,
pl. 1, fig. 1; Togashi, 1972, fig. 4).

5 Evolutionary considerations

5.1 Decline in conifers may have limited the
diversification of Xyelinae

Larvae of numerous extant Xyelinae species feed on conifers
or closely related taxa (e.g., Shinohara, 1995; Yates and
Smith, 2009), and numerous Xyelidae are also known to be
monophagous (Byun et al., 2005; Blank et al., 2013). How-
ever, some species are less specific in their host choice and
can feed on several host plants (Blank et al., 2017a). In
many cases, such specializations prevent hosts from shift-
ing to other tree species and constrain the life of the wasp to
that of the host. In a case of a global decline in the conifers,
it is expected to observe a stagnation of or a reduction in
the species diversity within lineages closely related to these
trees. Recently, Condamine et al. (2020) investigated the di-
versification of conifers during geological times and demon-
strated that a shift occurred in the diversification dynamics of
conifers, with a decrease in origination and an increase in ex-
tinction near the Cretaceous—Paleocene boundary. Therefore,
the Xyelidae that were adapted to the conifers that stopped
diversifying during this period likely did not survive. Sim-
ilarly, the overall decline in conifers may have limited the
speciation and diversification of the Xyelidae after the Cre-
taceous period. These assumptions are confirmed by the re-
cent analyses of Nyman et al. (2019) showing that symphytan
lineages with larvae feeding on angiosperms (e.g., Tenthre-
dinidae) have diversified rapidly during and after the Cre-
taceous period (Nyman et al., 2019, figs. 1-2). This rapid
diversification of sawfly groups feeding on angiosperms is
correlated with the diversification of the angiosperms during
the Early Cretaceous (Nyman et al., 2019, fig. 3). It is also
assumed that some of these groups have switched to feed on
angiosperms during the Early Cretaceous, whereas other lin-
eages (e.g., Xyelidae) retained their ancestral diet, died, or
switched much later after the decline in the gymnosperms.
Therefore, even if the “host” plants of Mesozoic Xyelidae are
unknown, they likely fed on gymnosperms, and the decline in
the latter has likely induced the decline in or the stagnation
of Xyelidae, while the lineages that have switched to feed
on angiosperms have benefited from their diversification and
have also diversified.

In the case of the larvae of Macroxyelinae, which are gen-
erally free feeders on deciduous tree species (e.g., on Ul-
maceae and/or Juglandaceae) (Smith and Schiff, 1998; Blank
et al., 2017b), the reduced diversity of these families may ex-
plain why they are today relatively little diversified compared
to the Tenthredinidae for example. The extant Ulmaceae
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include about 45 species (Christenhusz and Byng, 2016),
which are widely distributed throughout the north temper-
ate zone, corresponding to the distribution of Macroxyelinae.
Similarly, the extant Juglandaceae include about 50 species
(Christenhusz and Byng, 2016) in the Americas, Eurasia,
and Southeast Asia, also corresponding to the distribution of
Macroxyelinae. Even if the Macroxyelinae seem to be less
specific in their host choices, the reduced number of potential
host plant species is maybe one explanation for their current
diversity and distribution.

The extant genus Xyelecia comprises only the two species,
X. nearctica Ross, 1932, from western North America and X.
Jjaponica Togashi, 1972, from Japan. Nothing seems to be
known about their biology. Only Smith (1967, p. 377) in-
dicated that they are “probably shoot borers in fir”. Pinus
are recorded from the Green River Formation (Wodehouse,
1933; note that the pollen is from Lake Uinta, deposited ca.
3 Myr after Fossil Lake), suggesting a possible similar biol-
ogy for Proxyelia gen. nov., but Ulmaceae and Juglandaceae
are also present in the Green River paleobiota (Smith, 2008).

The plant-insect relationships occurring between the
Xyelidae and their host plants provide some clues to explain
their current reduced diversity. However, an analysis of the
diversification for the whole “Symphyta”, allowing the cor-
relation of the diversification pattern to a series of variables
(temperature, humidity, flora, land bridges, etc.), should clar-
ify these assumptions.

5.2 Biome heterogeneity and repartition of extant
Xyelidae

The Green River Formation is slightly posterior to the
Paleocene—Eocene thermal maximum (PETM) and to the
major cooling event of the PETM (Wing et al., 2005). How-
ever, it corresponds with the Early Eocene Climate Optimum
(EECO) (~53.3-49.70Ma), an episode of global warm-
ing characterized by the warmest sustained temperatures of
the Cenozoic (e.g., Zachos et al., 2001, 2008). Herold et
al. (2014) presented a general biome model for the Eocene,
based on several simulated vegetation distribution and topo-
graphic reconstructions, and recovered the presence of “para-
tropical” forests in North America (ca. 30° N) and across
Eurasia at the same latitude. However, the model indicated a
large area of drought in the middle paleo-Eurasian continent,
forming a barrier between European and Southeast Asian
rainforest expansions (Fig. 6A). In addition, the broad seas
and oceans have certainly played a role in limiting xyelid’s
intercontinental migrations. Therefore, the localities of the
known Eocene, Oligocene, and Miocene xyelids were lo-
cated within these Eocene paratropical forests (Fig. 6) or in
warm—temperate and subtropical forests, relictual from the
Eocene period. The record of two representatives of the fam-
ily in the same biome from two deposits very distant may
suggest that the family lived in this type of forest during the
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early Eocene, the EECO, and the subsequent Eocene hyper-
thermals (Willard et al., 2019).

Interestingly, there is no record of fossil Xyelidae or of
extant xyelid in the desertic area (comprising deserts, grass-
lands, and dry shrub lands) located between western Europe
and eastern Asia (Fig. 6). Therefore, the past biome config-
uration probably led to the current xyelid distribution. We
assume that the arid areas, recorded during the Eocene, have
played a role as climate barriers between Europe and Asia,
firstly preventing spreading or faunal exchanges between the
two continents and secondly constraining the repartition of
Asian and European Eocene Xyelidae to the past outer zone
of paratropical and subtropical forests. The fossil record of
the family after the Eocene, particularly during the Oligocene
and the Miocene, seems to corroborate this hypothesis since
it is only known from the Oligocene Rott formation in Ger-
many (Fig. 6A; see also Meunier, 1920; Benson, 1960; Ras-
nitsyn, 1995) and from the Miocene Shanwang Formation in
China (Zhang, 1989), both warm—temperate. In fact, these
fossil representatives are present in areas corresponding to
the previous paratropical forest or the outer zone of the latter
of the Eocene. The distribution of biomes from the Eocene
may have led to the restricted distribution of Xyelidae. The
EECO may have had an impact which is difficult to quantify
on the diversification of Xyelidae. The fact that temperatures
increased overall during this period may have reinforced the
barrier effect of arid biomes present between Europe and
Asia.

During the Mesozoic, the xyelid wasps were relatively
broadly distributed, with representatives found mainly on
land masses in the Northern Hemisphere (Fig. 6B, C, D; data
compiled from http://fossilworks.org/, last access: 7 Novem-
ber 2021). During the Cretaceous the family is recorded in
Eurasia in several deposits from China and Russia (Fig. 6B).
This restricted distribution seems to be corroborated by the
study of numerous Lagerstitten (e.g., Burmese amber, Crato
Formation) in which the family Xyelidae is not recorded. In
Burmese amber, the family Syspastoxyelidae (also belonging
to the Xyeloidea) is found and appears to be quite diversified
(Engel et al., 2016; Wang et al., 2019). The reduced wing
venation and the combination of characters showed by the
Syspastoxyelidae may be the result of an evolution in insu-
lar condition of a xyeloid lineage. If this assumption is later
verified, it may be indicative of a Gondwana xyeloid lineage
that colonized the West Burma block prior to its separation
from southern Gondwana. However, this hypothesis is highly
speculative given the fact that no Xyelidae are recorded in
Gondwana during the Jurassic or the Cretaceous (e.g., Broth-
ers and Rasnitsyn, 2003). In the Crato formation, there is no
record of the family Xyelidae despite the numerous fossils of
Hymenoptera known to date. However, it is important to keep
in mind that the fossil record is partial, which may also ex-
plain the restricted distribution of the family during the Cre-
taceous. Similarly, during the Jurassic, the Xyelidae seems
very well established in eastern Laurasia (Fig. 6C) but ab-
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sent from the Southern Hemisphere. It was only during the
Triassic that the Xyelidae displayed a global distribution in
the northern and southern hemispheres (Fig. 6D), with rep-
resentatives of the stem Xyelidae (Lara et al., 2014). Deep
comparison with the biome repartition at each geological pe-
riod may partially explain this distribution but is beyond the
scope of the present paper.

The most striking point is, as mentioned above, that the
distribution of extant xyelid wasps seems to be correlated
with their distribution during the Cenozoic and constrained
by the geological and environmental barriers of the time.
Nevertheless, the insect Cenozoic record in the eastern part
of Europe and the Middle East is very fragmentary. Future
discoveries may challenge the present hypothesis.

6 Conclusion

The descriptions of Paleoxyela nearctica gen. et sp. nov. and
Proxyelia pankowskii gen. et sp. nov. help to increase the
knowledge of the diversity of the family Xyelidae during
the Cenozoic. The peculiar biology of extant xyelid wasps
(i.e., larvae feeding on conifers) may have been an obstacle
to their diversification since the diversity of their hosts has
decreased over time in favor of a dominance of angiosperms.
Therefore, lineages that have retained the ancestral feeding
habits of the group (i.e., feeding on gymnosperms) have not
diversified, while the sawfly groups that switched their diet to
feed on angiosperms have greatly diversified in parallel with
the angiosperm diversification. Interestingly, the repartition
of the Eocene biomes is closely related to the current distri-
bution of Xyelidae and maintained during the Oligocene. We
therefore assume that there could be a correlation between
these two variables and that the distribution of biomes during
the Eocene played a major role in the evolutionary history of
the clade after the Cretaceous.
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