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ABSTRACT

Korehelorus jinjuensis gen. et sp. nov., a new genus and species of the family Heloridae, is described
and figured from a specimen preserved in the dark grey shales of the lower Albian Jinju Formation
(Republic of Korea). This description further increases the diversity of the family Heloridae in the

Mesozoic and provides additional evidence for a rapid decline of the latter in the Cretaceous. To date,



no explanations nor hypotheses have been proposed to explain this particular pattern but we assume
and hypothesize that the species and genus diversities of helorid wasps are linked with the diversity
of their hypothetical hosts (i.e., Chrysopidae or closely related extinct lineages). We show that the
Cretaceous chrysopoid diversity is dominated by the Mesochrysopidae and stem-chrysopid subfamily
(Limaiinae), which declined and/or die out through the Cretaceous. We find a peak of diversity for
the Heloridae, synchronous with that of the Mesochrysopidae and Limaiinae, leading us to suggest

that the decline of these clades in the Cretaceous consequently triggered a decline in the Heloridae.

Keywords: Jinju Formation, Cretaceous, Sinuiju Formation, Korean Peninsula, new genus and spe-

cies

1. Introduction

Heloridae is a relict proctotrupoid family wasp with relatively small and usually black extant repre-
sentatives (6-8 mm — Huber and Sharkey, 1993). Its extant members are represented by only one
genus (Helorus Latreille, 1802), they are solitary endoparasitoids of Chrysopidae larvae (Huber and
Sharkey, 1993), and are mostly found in the Holarctic region — with other species found in the Neo-
tropical, Afrotropical and Indo-Australian ecozones (van Achterberg, 2006). Fossil and extant helorid
wasps possess a distinctive wing venation, and the latter is mostly used to identify their genera (Li et
al., 2017). They are mostly recognizable by their subtriangular first discal cell (Lmcu), and the genus
Helorus is discernible among living proctotrupoids because of its antennae with 15 antennomeres, a
distinct pterostigma, a subtriangular first discal cell (Imcu), veins 1Rs+M present, 1-Rs absent
(desclerotised), an elongate first metasomal segment and the metasomal tergites 2—4 fused into a
syntergite (Kusigemati, 1987; Masner, 1993). Several fossil genera show a more developed wing

venation with the presence of a tubular vein 1-Rs (plesiomorphy).

Interestingly, the family was more speciose in the past than today, as more than ten genera



are known in the fossil record, with its oldest occurrences dated back to the Middle Jurassic (Shih et
al., 2011). During or after the Late Cretaceous, the diversity of the family declined to be only repre-

sented by one genus after the Cretaceous-Paleogene boundary (https://paleobiodb.org). This particu-

lar diversity dynamic (i.e., drastic diminution of the generic diversity) is also found in numerous
Jurassic or Early Cretaceous wasp families (e.g., Anaxyelidae: Gao et al., 2021; Evanioidea: Jouault
et al., 2022a) and is likely the result of drastic environmental changes, leading either to the decline of
the stem groups of these lineages and the diversification of their crown groups, or to a faunal turnover
due to the diversification of the Angiosperms (e.g., Sinitshenkova, 2003; Jouault et al., 2022b; Wang
et al., 2022). If this explanation (i.e., the impact of Angiosperms diversification) is particularly true
for lineages feeding on plants (Peris and Condamine, 2023) or parasitizing plant eaters, the decline

of Heloridae is difficult to explain, as they parasitize Chrysopidae larvae (fierce predators).

An alternative hypothesis would be to consider that their hosts (i.e., certain lineages of
Chrysopidae), which were diverse and speciose during the Jurassic and Cretaceous periods (i.e.,
Limaiinae), declined in the Cretaceous, driving the decline of the Heloridae. This type of bottom-up
effect (i.e., the decline of a food source or host triggers the decline of the predators or parasitoids) is
frequent in today’s ecosystems and it would not be surprising if similar phenomena had taken place
in the deep past (e.g., Ehrlich and Raven, 1994; Singer and Stireman, 2003). We propose to investi-
gate this trophic linkage by describing a new genus of helorid wasp, which further accentuates the
disparity between the diversity of the family during the Mesozoic and Cenozoic eras, and by studying

variations in the diversity of Chrysopoidea over time.

2. Material and methods

Specimen origin, examination, and illustration
The specimen was collected from the lower part of the Jinju Formation at the Jeongchon section

(35°07'45""N, 128°06'02"E), 5.6 km south of the city of Jinju, Republic of Korea (see Park et al.,


https://paleobiodb.or/

2019: fig. 1). A detailed columnar section of the Jinju Formation, exposed at the Jeonchon Section,
was recently published by Park et al. (2019) with a clear indication of the insect-bearing layers. The
most recent detrital zircon analysis shows that the age of the lower boundary of the Jinju Formation
is 112.4 + 1.3 Ma, while the upper boundary is 108.7 + 0.5 Ma; hence the age of the formation can
be considered early Albian (Lee et al., 2018). The Jinju Formation is referred to as the latest stage of
the famous Jehol Biota by Kopylov et al. (2020: p. 1236-1237). The paleoentomofauna of the Jeong-
chon section is rich with numerous fossils of Odonata (Anisoptera and Zygoptera), numerous Anax-
yelidae, and some Ichneumonoidea (G.S.N. pers. obs.). The Hymenoptera diversity is clearly domi-
nated by symphtan lineages but we also recorded a few specimens of Acualeta belonging to non-

apoid lineages.

The holotype specimen of the new helorid taxon is preserved as a reflective carbonaceous
film on two slabs (part and counterpart) of dark grey shale (Figs. 1A, B). The specimen is housed in
the Gongju National University of Education, with registration number GNUE218014. The fossil was
photographed with a Canon Eos 6D camera with an attached Canon EF 100 mm lens. Wing venation

and cell nomenclature is adapted from Li et al. (2017).

This published work and its included nomenclatural acts are registered in ZooBank

(https://www.zoobank.org/, last access: XXXXXX), with the following LSID (reference): XXXX.

The fossil record of the family Heloridae, Chrysopidae, and Mesochrysopidae

We extracted from the Palaeobiology Database (PBDB: https://paleobiodb.org/) both clades’

diversities. We used the filter (taxa) and called the database for all valid species using the option
(Accepted names and Show accepted names only). These functions allow removing outdated names
and synonyms from the dataset. The outputs from PBDB indicate that 21 helorid species and 55
chrysopid species are known in the time interval spanning for the Jurassic to the Eocene
(Supplementary Material). We then extract the age of all the species of the families Heloridae,

Chrysopidae, and Mesochrysopidae to generate a plot of the life span of these lineages. We manually


https://paleobiodb.org/

extract the oldest and youngest ages of these lineages from PBDB and correct the min age of extant
lineage to 0. To generate the species diversity plot, we consider that when the dating of a fossil deposit
is not clear (e.g., not clearly belonging to one stage: Callovian/Oxfordian), we chose to consider that
the species are present in both stages (following the previous example, one occurrence is counted for
the Callovian and one for the Oxfordian). We used R (R Core Team, 2022) and the package ggplot2

(Wickham, 2016) to generate the plots. for the Oxfordian).

3. Systematic palaeontology
Order Hymenoptera Linnaeus, 1758
Superfamily Proctotrupoidea Latreille, 1802

Family Heloridae Forster, 1856

Genus Korehelorus Rosse-Guillevic, Rasnitsyn, Nam, & Jouault gen. nov.
Lsid XXXXx
Type species. Korehelorus jinjuensis sp. nov.

Etymology. The genus name is a combination of the prefix Kore referring to Korea (the peninsular

region in east Asia) and Helorus Latreille, 1802 (type genus of the family). Gender masculine.

Diagnosis. Forewing with pterostigma thinner than 2r-rs length; 2r-rs proclival, arising slightly before
middle of pterostigma; Rs+M almost touching Cu; 2-Rs+M curved, much longer than 2-Rs; 2-Rs
strongly angled with 2-Rs+M; 2-Rs strongly angled with 3-Rs; 1cu-a interstitial. Metasoma with first

segment narrow, petiole-like and sub-equal in length with second metasomal segment.

Korehelorus jinjuensis Rosse-Guillevic, Rasnitsyn, Nam, & Jouault sp. nov.



Lsid XXXXx
(Figs. 1-2)

Holotype. GNUE218014, part (Fig. 1A) and counterpart (Fig. 1B), housed in the collection of the

Gongju National University of Education, Gongju, Republic of Korea.
Etymology. The specific epithet refers to the type locality: the Jinju Formation.

Locality and horizon. Jinju Formation, Jeongchon section, near the city of Jinju, Republic of Korea;

lower Albian, Lower Cretaceous.
Diagnosis. As for the genus (vide supra).

Description. Body length 10.25 mm. Head poorly preserved; preserved flagellomeres thick, longer

than wide (measured flagellomeres ca. 0.5 mm long).

Mesosoma (as preserved) ca. 3.3 mm long, 1.7 mm wide (poorly preserved), ovoid, shorter than met-
asoma, wider than head; mesoscutum short; mesopleuron large; propodeum trapezoidal. Legs ill-

preserved.

Forewing (Figs. 2A-D) ca. 7 mm long and ca. 2.7 mm wide, broad, subtriangular (basal of anterior
margin not preserved) (Fig. 2A); pterostigma elongate and acute apically, width smaller than 2r-rs
length; cell 3r thin and long, enclosed by a slightly arched vein 3-Rs (Fig. 2B); absence of Rs+M+Cu
section (Fig. 2C); 2r-rs arising slightly before midlength of pterostigma, oblique and about twice as
long as pterostigma width; cell 1-2r hexagonal, enclosed by R, 1-Rs, 1-M, 1-Rs+M, 2-Rs+M, 2-Rs,

and 2r-rs; M+Cu straight and tubular (Fig. 2D); 1-Rs not preserved; 1-M and 1-Rs+M meeting point

located at ~30% of cell 1mcu length; 1-M curved, about half as long as 1-Rs+M; cell 1mcu small and

triangular; 1-Cu longer than 1-Rs+M; 2-Rs+M about 1.4x longer than 1-Rs+M; 2-M and 2-Cu dis-
tinct, nearly straight, tapering toward wing margin, 2-Cu aligned with 1-Cu; 2-Rs oblique, longer
than 2r-rs; 1cu-a straight and aligned with 1-M; 2cu-a slightly proclival, intersecting Cu at level of 2-

Rs+M originating point; position of 2-Rs+M furcation point (into 2-Rs and 2-M) located at ca. 66%



of the distance between 1m-cu and 2r-rs.

Metasoma (Fig. 2E) ca. 6.1 mm long, largest width ca. 1.9 mm, partially preserved, elongate, with
seven segments visible (distal-most probably missing), in lateral view slightly arched with convex
sternites; first segment petiole-like ca. 1.25 mm long and 0.6 mm wide, slightly conical, narrower
than second segment, with extremities not constricted; second segment slightly longer than petiole,
ca. 1.3 mm long; third segment ca. 0.75 mm long; fourth segment ca. 0.69 mm long; fifth segment

ca. 0.64 mm long.

Remarks. The forewing with 2-Rs+M strongly curved and much longer than 2-Rs (the latter being
angled at ca. 105° with 2-Rs+M) combined with a particular configuration of the metasoma with the
first segment long and petiolar and the second one sub-equal in length with it are unique characters

allowing rapid distinction between the new genus and all other genera of the family (Fig. 2E).

4. Discussion
Systematic placement

Following the dichotomous key provided in Li et al. (2017), our specimen keys out near Sinohelorus
and Liaoropronia because of the following couplets and characters: forewing with pterostigma not
much wider than 2r-rs length, first metasomal segment rarely as long and narrow as succeeding seg-
ment; first metasomal segment individualized as petiole; metasoma with first segment elongate, nar-
rower than second segment basally; forewing with Rs+M not touching Cu (i.e., 1-Rs+M does not
‘enter’ into Cu to then emerge as 2-Rs+M but rather runs parallel to Cu); 2r-rs starting far distad base
of pterostigma, longer than pterostigma width, oblique; 2r-rs starting before middle of pterostigma,
longer than pterostigma width; 1cu-a interstitial. However, it cannot be attributed to any of these
genera, as it possesses diagnostic characters from both (forewing with 2r-rs oblique [Sinohelorus];
forewing with the position of Rs+M forking about 50% [66% in our specimen] distance between 1m-

cu and 2r-rs [Liaoropronia]) (Shi et al., 2013; Zhang and Zhang, 2001). The new specimen further



differs from all the other fossil and extant helorid genera because of its 2nd metasomal tergum is

circa of same length than the petiole (Zhang and Zhang, 2001; Shi et al., 2013).

Recently, the genus Sinuijuhelorus Jon et al. (2019) was described from the Cretaceous
of the Korean Peninsula (Democratic People's Republic of Korea: DPRK). The exquisite preservation
of the forewing venation of the type specimen of Sinuijuhelorus allows a rapid distinction with our
new specimen. In fact, the long (about twice as long as 2-Rs) and strongly arched 2-Rs+M of Kore-
helorus gen. nov. strongly differs from the comparatively shorter and less arched 2-Rs+M of Sinu-
ijuhelorus (Jon et al., 2019: fig. 4). The recent descriptions of fossil insects from the DPRK open new
perspectives for the study of paleoentomofauna of the Cretaceous in Asia (So and Won 2022; Won
and So, 2022), and provide important data for future comparison of the assemblages of fossil insects

in the peninsula.

Hypothesis to explain the diversity dynamics of the family Heloridae

At first, it appears difficult to explain the decline of the family Heloridae through the end of the
Mesozoic but their particular biology (endoparasitoids of Chrysopidae larvae: Huber and Sharkey,
1993) lets us assume that their diversity dynamics may be correlated with that of chrysopoid lineages
(Fig. 3). If this hypothesis explores correlations between two patterns, it is important to keep in mind
that a correlation does not necessarily advocate for causality between two events. Nevertheless, we

hope that future descriptions of fossil helorid will strengthen or refine our tentative hypothesis.

The Heloridae fossil record is diverse during the Early Cretaceous (13 valid species) and
Jurassic (four valid species) — as for today the family encompasses about 12 extant species (lza-
dizadeh et al., 2015) — with a maximum diversity during the Early Cretaceous (Fig. 3). Surprisingly,
no fossil Heloridae are known from the Late Cretaceous, and the clade is scarce after the K/Pg, with
only two species belonging to the extant genus Helorus Latreille, 1802 — respectively from the Baltic

amber and the Oligocene of the Rott Formation (Fig. 4; Statz, 1938; Muona, 2020).



The extinct Neuroptera family Mesochrysopidae is considered to be closely related to the
Chrysopidae (also called green lacewings) or to represent the stem group of modern green lacewings
(e.g., Nel et al., 2005; Liu et al., 2016; Engel et al., 2018). Because of their phylogenetic position, it
is important to also consider the diversity dynamics of the Mesochrysopidae as a potential driver of
the Heloridae diversity. The Mesochrysopidae show a diversity pattern ‘similar’ to that of the Helor-
idae, with many species documented in Jurassic and Lower Cretaceous deposits (e.g., Panfilov, 1980;
Martins-Neto and Vulcano, 1988). However, they are also known from the Late Cretaceous, notably
through the discovery of a few species in Kachin amber (e.g., Cao et al., 2021), while the Heloridae
are absent from this epoch. Fossil record shows that the Mesochrysopidae declined during the Late
Cretaceous, as no occurrence has been recorded after the mid-Cretaceous (Fig. 4). During the time
interval spanning from the Jurassic to the Cretaceous, the Chrysopidae are mainly represented by

their stem subfamily i.e., the Limaiinae (Fig. 4).

Interestingly, we found that the diversity of the family Heloridae is maximal when the Meso-
chrysopidae and Limaiinae were abundant i.e., through the Early Cretaceous (Fig. 3). When the Mes-
ochrysopidae declined, and slightly before, much of the diversity of fossil Heloridae disappears (Fig.
3). It is likely that Mesozoic Heloridae were associated with Mesochrysopidae and Limaiinae in the
same way as they are today with the Chrysopidae (i.e., endoparasitoids). Thus, the decline of their
hosts has most probably reduced their ecological niche, and ultimately lead to the disappearance of
Mesozoic taxa. The fact that they did not go completely extinct suggests that at least some of their
representatives were maybe associated with lineages lasting longer than the Mesochrysopidae (e.g.,
Limaiinae), and managed to adapt or switch hosts. This phenomenon is not uncommon in Hymenop-
tera as ancestral state reconstruction on other clades suggests that some lineages have switched food
sources through time — sometimes switching once to later come back to their original food source —
and managed to adapt and diversify, taking advantage of environmental changes (e.g., Nyman et al.,
2019; Blaimer et al., 2023). From an ecological perspective, it will be interesting to study the diversity

dynamics of plants on which the aphids feed (i.e., prey of Chrysopoidea) and search for a potential



link between changes in plant assemblages and in parasitoid lineages. We expect that the diversity
dynamics of plants have affected the diversity of aphids, which have then affected the diversity dy-

namics of Chrysopidae to ultimately shape the diversity dynamics of their parasitoids.

5. Conclusion

The Jinju Formation provides novel insights into the insect paleodiversity of East Asia in the Early
Cretaceous, and the ongoing description of its paleoentomofauna will allow for documenting of nu-
merous lineages. This process is essential to better understand the diversity dynamics of extant insect
families during the Cretaceous. The fossil insect assemblage of the Jinju Formation is to be compared
with that of the Sinuiju Formation (DPRK) to draw up a general overview of the paleoentomofauna
present on the Korean Peninsula during the Early Cretaceous. The description of Korehelorus jinjuen-
sis gen. et sp. nov. increases the diversity of helorid wasps documented from the Lower Cretaceous
of the Korean Peninsula, and helps to better understand the variability of the forewing venation of
fossil Heloridae. We propose a hypothesis to explain the diversity dynamics of the family Heloridae,
linking the diversity of Chrysopoidea lineages through time with that of their parasitoids. If we found
a good correlation between the diversity of these two lineages, additional studies should be conducted

to better understand this process and its stem.
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Figure caption

Figure 1. Korehelorus jinjuensis gen. et sp. nov., holotype GNUE218014. (A), Part; (B), Counterpart
(the arrow points to the boundary between the second and the third segment of the abdo-

men). Scale bars equal 1 mm.

Figure 2. Korehelorus jinjuensis gen. et sp. nov., holotype GNUE218014. (A), Detailed view of the
wing in part; (B), Detailed view of the wing in counterpart; (C), Interpretative line draw-
ing of the wing venation with names of veins labelled; (D), Interpretative line drawing of
the wing venation with names of cells labelled, (E) Interpretative line drawing of coun-
terpart. Abbreviations: an, antenna; first pet, petiole (first segment of the metasoma); mt2,
second segment of the metasoma; p3?, putative hind leg; ppd, propodeum; pt,

pterostigma; Scale bars: 1 mm (A, B, C, D); 2 mm (E).


https://doi.org/10.1016/j.tree.2022.02.007

Figure 3: Diversity of Heloridae and Chrysopidae through time. (A) Heloridae species. (B)
Chrysopidae species. K/Pg: Cretaceous-Paleogene boundary. Data compiled from

Palaeobiology Database (PBDB: https://paleobiodb.org/; last access the 25/03/2023). Insect

silhouettes from http://phylopic.org/. Heloridae (by CJ), Chrysopidae licence at
https://creativecommons.org/publicdomain/zero/1.0/.

Figure 4: Life span of Mesochrysopidae, Chrysopidae, and Heloridae lineages (K/Pg: Cretaceous-
Paleogene boundary). Colors for geological time scale follow Cohen et al. (2022). Data

compiled from Palaeobiology Database (PBDB: https://paleobiodb.org/; last access the

25/03/2023).
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