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Abstract

Trigonalyidae are rarely collected hyperparasitoids that attack the larvae of Ichneumonoidea, and Tachini-
dae associated with phytophagous sawfly or Lepidopteran larvae, or primary endoparasitoids of Vespidae
larvae. Trigonalyidae mainly occur in tropical and subtropical regions, but recent studies indicate that they
are found to be fairly common in mountainous regions. In this study, DNA barcoding methods based
on sequences of the COI gene were used to discriminate Trigonalyidae species from Yunnan Province,
which is situated in a mountaineous area of southwest China. In total, 25 COI sequences belonging to 14
morphospecies of four genera were obtained. The intraspecific pairwise distances ranged from 0 to 3.3%
and the interspecific pairwise distances ranged from 5.3% to 17.3%. The delimitations of all studied
species are congruent with the morphological identification results in both ABGD and bPTP methods.
Based on both morphological and molecular analyses, four species from Yunnan are described as new:
Jezonogonalos eburnalva Zhang & Chen, sp. nov., Lycogaster umbonata Chen & van Achterberg, sp. nov.,
Taeniogonalos albidorsalis Zhang & Chen, sp. nov., and 7. paradoxica Zhang & Chen, sp. nov.
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BY 4.0), which permits unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.
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Introduction

Trigonalyidae (Hymenoptera, Trigonalyoidea) are rarely collected parasitoid wasps
with more than 120 described species in 16 genera worldwide (Carmean and Kimsey
1998; Smith and Stocks 2005; Santos et al. 2012; Smith and Tripotin 2012; Smith et
al. 2012; Chen et al. 2014; Yamane 2014; Smith and Tripotin 2015; Tan et al. 2017;
Lelej 2019; Chen et al. 2020a). These wasps are thought to be hyperparasitoids that
attack the larvae of Ichneumonoidea (Hymenoptera), and Tachinidae (Diptera) as-
sociated with phytophagous primary hosts, mostly sawfly or Lepidopteran larvae. Pri-
mary endoparasitoism of sawflies may occur, but the parasitoid still acts facultatively
as a hyperparasitoid (Clausen 1940; Yamane and Terayama 1983; He and Chen 1986;
Weinstein and Austin 1991; Carmean and Kimsey 1998). Secondary endoparasito-
ism of vespid wasp larvae occurs when lepidopteran or symphytan caterpillars, with
trigonalid eggs inside, are fed to the larvae and the eggs eventually develop in the wasp
larvae (Yamane 2014; Tan et al. 2017; Kim et al. 2020). The peculiar biology of Trigo-
nalyidae was reviewed in detail by Clausen (1940), Carmean (1991) and Weinstein
and Austin (1991, 1995).

Most species of Trigonalyidae occur in tropical and subtropical regions and they
are unknown from arctic and alpine habitats (Carmean and Kimsey 1998). However,
they were found to be fairly common at 1300-1500 m altitude in the Qinling Moun-
tains of NW China (Tan et al. 2017) and the mountainous regions of Tibet (Chen
et al. 2020a). Yunnan Province is situated in a mountaineous area, with high eleva-
tions in the northwest and low elevations in the southeast. This topography allows
snow-capped mountains and true tropical environments to occur in one region, which
sustains an extremely high biodiversity and high degree of endemism (Liang 2011).
Before this study, 11 species have been recored from Yunnan. In this study, based on an
integrative taxonomic approach that combines molecular and morphological evidence,
we add four new species from this region.

Material and methods

Collection and identification

This work is mainly based on specimens of Trigonalyidae collected by sweeping net,
yellow pan traps (YPT), and mostly Malaise traps (MT) set up in China. For the mo-
lecular study, specimens of some known species from other provinces are also used.
Specimens were identified using the keys of Chen et al. (2014) and Tan et al. (2017).



New species of Trigonalyidae from Yuanan 103

All the studied specimens are deposited in the Museum of Biology, Sun Yat-sen Uni-
versity, Guangzhou, China (SYSBM). Morphological terminology generally follows
Chen et al. (2014). Multifocal images of the new species (Figs 2—10) and representa-
tives of the known species (Suppl. material 4: Figs S1-S21) were made using a Nikon
SMZ25 microscope with a Nikon DS-Ri 2 digital camera system. Images were then
post-processed with Adobe Photoshop CS6.

DNA extraction, amplification, and sequencing

In total, 25 specimens of 14 morphospecies were used for DNA barcoding analysis
(see Table 1, detailed collecting data of the sequenced see Suppl. material 1: Table S1).
Both female and male specimens were selected for a species when such specimens were
available. Genomic DNA was extracted from the right mid leg of each specimen using
the DNeasy Blood & Tissue Kit (Qiagen, Hilden, Germany), following the manufac-
turer’s protocols. Following the extraction, the “barcode” region of the mitochondrial
cytochrome oxidase subunit 1 (COI) was amplified using the LCO1490/HCO2198
primer pair (Folmer et al. 1994). Polymerase chain reactions (PCRs) were performed
using Tks Gflex DNA Polymerase (Takara) and conducted in a T100 Thermal Cycler
(Bio-Rad). Thermocycling conditions were: an initial denaturing step at 94 °C for
5 min, followed by 35 cycles of 94 °C for 30 s, 50 °C for 30 s, 72 °C for 30 s and an
additional extension at 72 °C for 5 min. Amplicons were directly sequenced in both di-
rections with forward and reverse primers on an Applied Biosysttems (ABI) 3730XL by
Guangzhou Tianyi Huiyuan Gene Technology Co., Ltd. (Guangzhou, China). Chro-
matograms were assembled with Geneious 11.0.3. All sequences generated from this
study are deposited in GenBank (accession numbers see Table 1).

Sequence analysis and molecular species delimitation

All sequences were blasted in the BOLD (Barcode of Life Database, http://www.bar-
codinglife.org/index.php/IDS_OpenldEngine) and GenBank. Sequences were aligned
using MAFFT v7.470 by the G-INS- I strategy (Katoh and Standley 2013). Genetic
Kimura-2 parameter (K2P) distances within and between species were calculated in
MEGA 7 with pairwise deletion for gaps (Kumar et al. 2016).

Two methods, the Automatic Barcode Gap Discovery (ABGD) and the updated
Poisson tree processes model (bPTP), were tested for molecular species delimitation.
ABGD is a distance-based method and it sorts the sequences into hypothetical spe-
cies by partitioning and comparing the difference between sequences to identify a
“barcode gap” (Puillandre et al. 2012). The ABGD analysis was performed on the web
interface (http://www.abi.snv.jussieu.fr/public/abgd/), using the default priors, Pmin
=0.001, Pmax = 0.1, Steps 10, and with barcode relative gap width = 1.00. bPTP is
an updated version of the original PTP with Bayesian posterior probability, which
tests species boundaries on non-ultrametric phylogenetic trees by detecting significant
difference in the number of substitutions between species and within species (Zhang
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Table I. Sequenced taxa and GenBank accession numbers.

Code Species Sex GenBank accession No.
En-419020 Jezonogonalos eburnalva sp. n. male OMO057963
En-419951 Jezonogonalos jiangliae Chen, van Achterberg, He & Xu male OMO057964
En-419953 Jezonogonalos jiangliae Chen, van Achterberg, He & Xu male OMO057965
En-419959 Lycogaster angustula Chen, van Achterberg, He & Xu male OMO057966
En-419022 Lycogaster umbonata sp. n. male OMO057967
En-419021 Lycogaster umbonata sp. n. female OMO057968
En-419955 Orthogonalys elongata Teranishi female OMO057969
En-419957 Orthogonalys elongata Teranishi male OMO057970
En-419964 Orthogonalys hirasana Teranishi female OMO057971
En-419023 Taeniogonalos albidorsalis sp. n. female OMO057972
En-419958 Taeniogonalos cordata Chen, van Achterberg, He & Xu female OMO057973
En-419952 Taeniogonalos eurysoma Chen & van Achterberg female OMO057974
En-419960 Taeniogonalos fasciata (Strand) male OMO057975
En-419967 Taeniogonalos flavoscutellata (Chen) female OM057976
En-419961 Taeniogonalos formosana (Bischoff) female OMO057977
En-419965 Taeniogonalos formosana (Bischoff) male OMO057978
En-419963 Taeniogonalos formosana (Bischoff) male OMO057979
En-419025 Taeniogonalos formosana (Bischoff) male OM057980
En-419962 Taeniogonalos formosana (Bischoff) female OMO057981
En-419966 Taeniogonalos formosana (Bischoff) female OMO057982
En-419950 Taeniogonalos formosana (Bischoff) female OMO057983
En-419954 Taeniogonalos formosana (Bischoff) female OMO057984
En-419968 Taeniogonalos formosana (Bischoff) male OMO057985
En-419956 Taeniogonalos gestroi (Schulz) male OMO057986
En-419024 Taeniogonalos paradoxica sp. n. male OMO057987

et al. 2013). For bPTP analysis, a Maximum Likelihood (ML) tree was generated in
RAxXML v8.2.10 under the GTRGAMMA evolutionary model and performed on the
bPTP web server (https://species.h-its.org/ptp/), with default parameters. The CO/
sequences of Schlettererius cinctipes (Cresson) (Hymenoptera: Stephanidae; GenBank:
GQ502933) were selected as the outgroup because of the close relationship between
Scolioidea and Pompiloidea (Peters et al. 2017).

Results

The present study generated 25 COI sequences with an average of 670 bp. Voucher speci-
mens of these 25 sequences were subjected to further morphological examination, and 14
species belonging to 4 genera were recognized, including 4 new species described below
(Table 1). When blasted in BOLD and GenBank databases, the sequences of Zaeniogonalos
Jformosana (Bischoff) received close matches with Zaeniogonalos taihorina (Bischoff) (around
95%). Other species had no close matching sequences in BOLD or NCBI. The K2P dis-
tances (Suppl. material 2: Table S2; Suppl. material 3: Table S3) showed a larger intergroup
than intragroup distance for the CO! sequences. The intraspecific pairwise distances ranged
from 0 to 3.3%. The interspecific pairwise distances ranged from 5.3% to 17.3%. The de-
limitations of all studied species are congruent with the morphological identification results

in both ABGD and bPTP methods (Fig. 1).
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Figure |. Maximum likelihood tree based on COI barcodes and results of species delimitation of three
methods, only values > 50 for bootstrap are labeled.

Species treatment

Jezonogonalos Tsuneki, 1991
Figs 2-3

Jezonogonalos Tsuneki, 1991: 32, 2003: 4; Carmean and Kimsey 1998: 70; Chen et al.
2014: 22-44 (diagnosis, key). Type species: Jezonogonalos marujamanae Tsuneki,

1991 [= J. marujamae Tsuneki, 1991], by monotypy. Synonymized with Pseudog-
onalos Schulz, 1906, by Lelej (1995) and re-instated by Chen et al. (2014).

Diagnosis. Length of body 6.2-12.0 mm; antenna black and with 23-27 segments; area
above supra-antennal elevations flat, more or less punctate, without protuberance between
elevations right after inner side of supra-antennal elevations flat, smooth and black; tyloids
of male antenna present on 10"~16™ segments, short and nearly circular or elliptical; oc-
cipital carina widened medio-dorsally; apical segment of labial palp widened and obtuse,
more or less triangular; vertex normal, at most with slight median depression dorsally;
mandibles wide in anterior view and sublaterally attached to head; metanotum strongly
convex and finely sculptured medially; anterior propodeal sulcus crenulate and medially
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st

Figure 2. Jezonogonalos eburnalva Zhang & Chen, sp. nov., holotype, male (En-419020) A habitus,
lateral aspect B head, anterior aspect € head, dorsal aspect.

widened; posterior propodeal carina curved and distinctly protruding and more or less
separated from foramen medio-dorsally; fore wing with large dark patch below pterostig-
ma; vein 1-SR of fore wing long; hind trochanter black or ivory; hind tarsus slightly or not
modified; second and third sternites of female flat and moderately sclerotized and no pro-
tuberances; body rarely with pale pattern, at most malar space, basal segments and mar-
gins of metasomal sternites and tergites partly ivory, remainder black (Chen et al. 2014).

Biolgoy. Unknown. Collected in June-November.

Distribution. China, Japan. Before this study, nine species of this genus have been
described from China, but none was recorded from Yunnan. We describe here the first
species new to science from Yunnan.
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Figure 3. Jezonogonalos eburnalva Zhang & Chen, sp. nov., holotype, male (En-419020) A tyloids on

10%-16" segments of antenna B wings € head, lateral aspect D mesosoma, dorsal aspect E mesosoma,
lateral aspect F metasoma, dorsal aspect G metasoma, lateral aspect H metasoma, ventral aspect.
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Jezonogonalos eburnalva Zhang & Chen, sp. nov.
http://zoobank.org/EB7B3D0D-8E14-468E-87F5-06FE870ECADO
Figs 2-3

Diagnosis. Occipital carina weakly lamelliform dorsally (Fig. 2C); supra-antennal el-
evations about 0.2 times as long as scapus and largely ivory dorsally (Fig. 2C); frons
densely punctate (Fig. 2C); mandible mainly black, except dark brown base of teeth
(Fig. 2B); mesoscutum and propodeum distinctly sculptured; metasoma robust,
smooth and largely black except the posterior half of first tergite ivory (Fig. 2A); first
tergite approximately as long as its apical width (Fig. 3F); third sternite approximately
0.5 x as long as second sternite (Fig. 3H).

Description. Male. Holotype, length of body 6.2 mm (of fore wing 5.1 mm).

Colour. Black; lower half of inner orbita narrowly ivory and connected to ivory malar
space (Fig. 2B); apex of supra-antennal elevation ivory (Fig. 2B); lateral corner of clypeus
ivory and connected to ivory malar space; mandibular teeth, palpi dark brown (Fig. 2B);
tegulae dark brown; legs mainly black, but tibia and tarsus of fore leg rather brownish
(Fig. 2A); apical half of first tergite ivory in dorsal view, nearly all of first tergite ivory in
lateral view (Figs 3F, G) and apico-lateral margin of first sternite ivory (Fig. 3H); posterior
margin of all other tergites and sternites light ivory (Fig. 3H); pterostigma and posterior
half of first submarginal cell to anterior third of marginal cell of fore wing and area below
it dark brown to light brown, remainder of wing membrane subhyaline (Fig. 3B).

Head. Antenna with 24 segments (Fig. 2A); tyloids nearly circular on 10*, 15" and 16™
segments, oval on 11*-14" segments, 0.1 times as long as segment on 10", 16™ segments
and 0.3 times as long as segments on 11*-15" segments (Fig. 3A); frons densely punctate;
vertex and temple largely smooth and shiny with sparse and fine punctures; head gradu-
ally narrowed behind eyes, eye in dorsal view approximately as long as temple (Fig. 2C);
occipital carina narrow lamelliform medio-dorsally and without crenulae; supra-antennal
elevations enlarged (about 0.2 x as long as scapus), outer side subvertical and largely smooth
except for sparse punctures (Fig. 2C); clypeus slightly concave and thick medio-ventrally.

Mesosoma. Length of mesosoma 1.8 x as long as its height (Fig. 3E); mesopleu-
ron smooth anteriorly and transversely reticulate-rugose posteriorly, transverse meso-
pleural groove moderately wide and shallow (Fig. 3E); notauli wide, deep and coarsely
crenulate; middle lobe of mesoscutum transversely rugose, lateral lobes of mesoscutum
mainly finely rugose with a shallow furrow medially (Fig. 3D); scutellar sulcus wide and
coarsely crenulate; scutellum shiny, largely smooth with irregular longitudinal rugae,
slightly convex medially and anteriorly near level of mesoscutum (Fig. 3E); metano-
tum medially protruding and obtuse, shiny and largely smooth with sparse fine rugae
(Fig. 3D); propodeum reticulate-rugose antero-medially, obliquely rugulose antero-
laterally, distinct transversely striate medially, with several longitudinal striae and sparse
irregular rugae between large smooth space posteriorly (Fig. 3D); posterior propodeal
carina thick lamelliform (foramen approximatelyl.4 x as wide as high medially).

Wings. Fore wing: length of vein 1-M 1.6 x as long as vein 1-SR; second submar-
ginal cell 3.1 x as long as third submarginal cell (Fig. 3B).
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Metasoma. First tergite approximately as long as its apical width, smooth and with
distinct elliptical depression antero-medially, apical half with fine dense longitudinal ru-
gae; second and following tergites shiny and smooth except for sparse superficial punctures
(Fig. 3F); sternites rather sparsely finely punctate; second sternite rather flat; third sternite
approximately 0.5 x as long as second sternite (Fig. 3H); genitalia extruded (Fig. 3G).

Female. Unknown.

Etymology. Name derived from “eburnus” (Latin for “ivory”) and “alvus” (Latin
for “belly”) because of the large ivory area of the first tergite.

Material examined. Holotype, male, CHina: Yunnan, Mt. Gaoligong, Dulong
River, Caihong Bridge, 1496 m, 27°53'51.96"N, 98°20'11.89"E, 2-16.V.2020, Yi
Lang leg., MT, SYSBM En-419020 (deposited in SYSBM); GenBank: OM057963.

Distribution. China (Yunnan). Collected at 1496 m.

Comments. This species is similar to /. jiangliae but has a relatively short third
sternite, more robust first tergite and apical half of tergite ivory, and occipital carina
narrow or /. laeviceps (shares similar first tergite and second tergite), but it has the mes-
oscutum and propodeum distinctly sculptured, mandibles dark and occipital carina
narrower. The key to species of Jezonogonalos published by Tan et al. (2017) could be
updated to accommodate /. eburnalva by replacing couplet 1 as follows:

1" First metasomal tergite about as long as its apical width; supra-antennal eleva-
tions only apically IVOry .......cccocviiiininiiiii 1'
- First metasomal tergite 0.6-0.8 times as long as its apical width; at least apical
half of supra-antennal elevations yellow or ivory or entirely black............... 1
' Metasoma of & robust and first tergite with large ivory patch (Figs 3E G); oc-

cipital carina narrow lamelliform medio-dorsally and without crenulae (Fig.
2C); third submarginal cell of fore wing about 0.3 times as long as second
submarginal cell (Fig. 3B)................. J. eburnalva Zhang & Chen, sp. nov.
- Metasoma of & slender and entirely black; occipital carina widened and ex-
tensively crenulated dorsally; third submarginal cell of fore wing about 0.4
times as long as second submarginal cell .............ccocooiiiii

ceereerenreeneesnsennneneneoJo jiangliae Chen, van Achterberg, He & Xu, 2014

Lycogaster Shuckard, 1841
Figs 4-6

Lycogaster Shuckard, 1841: 121; Weinstein and Austin 1991: 414; Carmean and Kimsey
1998: 61. Type species (by original designation): Lycogaster pullatus Shuckard, 1841.

Diagnosis. Body length 5.1-15.0 mm; antenna with 21-24 segments, of female
widened medially (but hardly so in L. angustula); antenna of male without tyloids;
supra-antennal elevations small, without depression dorsally; vertex convex and shiny;
mandibular condyli close to level of eyes; apical segment of labial palp widened and
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Figure 4. Lycogaster umbonata Chen & van Achterberg, sp. nov., holotype, female (En-419021) A habi-

tus, lateral aspect B head, anterior aspect € head, dorsal aspect.

obtuse, more or less triangular; metanotum smooth, shiny and weakly convex; triangu-
lar dorso-apical part of hind trochanter separated by an oblique groove; fore trochanter
subparallel-sided and distinctly longer than hind trochanter; hind tarsus slightly or
not modified; basal half of third metasomal sternite with a posteriorly steep, smooth
and complete transverse ledge (may be partly hidden under second sternite and rather
low in L. violaceipennis); second sternite with pair of small triangular teeth on apical
protuberance (but only with pair of lobe-shaped flaps in male of L. violaceipennis; with
a strong lobe-shaped protuberance medio-apically in female of L. umbonata sp. nov.,
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0.5 mm 0.5 mm

Figure 5. Lycogaster umbonata Chen & van Achterberg, sp. nov., holotype, female (En-419021) A wings
B mesosoma, dorsal aspect € mesosoma, lateral aspect D metasoma, dorsal aspect E metasoma, lateral

aspect F metasoma, ventral aspect.

Figs 4A, 5E, F) and sometimes absent; epipleura of tergites laterally strongly pigment-
ed; fifth sternite of female distinctly emarginate medio-posteriorly.
Biology. In the New World reared as hyperparasitoid of Ichneumonidae in cat-
erpillars of the families Saturniidae and Notodontidae (Carmean and Kimsey 1998).
Distribution. China. Before this study, four species of this genus have been de-
scribed from China, with only one species recorded from Yunnan. We describe here the
second species new to science from Yunnan.
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E

D \W S mm
Figure 6. Lycogaster umbonata Chen & van Achterberg, sp. nov., paratype, male (En-419022) A habitus,
lateral aspect B head, anterior aspect € metasoma, dorsal aspect D metasoma, lateral aspect E metasoma,
ventral aspect.
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Lycogaster umbonata Chen & van Achterberg, sp. nov.
http://zoobank.org/ ICA730CA-7C2D-4713-B62D-64BEF9397958
Figs 4-6

Diagnosis. Antenna elongate and hardly widened medially (Figs 4A, 6A); second ster-
nite of female with a strong lobe-shaped protuberance medio-apically (Fig. 5E); man-
dibles with ivory patches (Figs 4B, 6B); second tergite of female strongly shiny and
with elliptical depressions antero-laterally (Fig. 5D); wing membrane subhyaline and
without darkened (Figs 4A, 5A, 6A).

Description. Female. Holotype, length of body 5.1 mm (of fore wing 4.1 mm).

Head. Antenna with 21 segments, elongate and hardly widened medially (Fig. 4A);
frons spaced punctate and shiny, with distinct median depression (Fig. 4B); vertex and
temple largely smooth and shiny with sparse and fine punctures (Figs 4B, C); head
subparallel-sided behind eyes, distinctly narrowed posteriorly and 1.3 x as long as mes-
oscutum (Fig. 4C); dorsal length of eye approximately as long as temple (Fig. 4C);
occipital carina narrow lamelliform and with weak crenulae medio-dorsally (Fig. 4C);
supra-antennal elevations hardly developed as a thin rim and smooth, 0.3 x as long as
scapus (Fig. 4C); clypeus emarginate and comparatively thin medio-ventrally (Fig. 4B).

Mesosoma. Length of mesosoma 1.8 x as its height (Fig. 5C); mesopleuron below
transverse mesopleural groove rugose to punctate anteriorly, largely smooth and shiny pos-
teriorly, above groove similar but rugose anteriorly (Fig. 5C); notauli narrow anteriorly,
widened posteriorly and coarsely crenulate; middle lobe of mesoscutum sparsely and rather
finely punctate anteriorly, coarsely punctate at posterior end, lateral lobes sparsely and rath-
er finely punctate (Fig. 5B); scutellar sulcus wide, both medially and laterally and coarsely
crenulate (Fig. 5B); scutellum largely smooth with sparsely and finely punctate, distinctly
shiny, rather flat and anteriorly near level of mesoscutum; metascutellum shiny and smooth
medio-posteriorly (Fig. 5B); propodeum largely obliquely rugulose to rugose with smooth
interspaces anterio-laterally (Fig. 5B); posterior propodeal carina thick lamelliform and
distinctly arched, foramen approximately 1.5 x as wide as high medially (Fig. 5B).

Wings. Fore wing: length of vein 1-M 1.8 x as long as vein 1-SR; second submar-
ginal cell 1.4 x as long as third submarginal cell (Fig. 5A).

Metasoma. First tergite 0.5 x as long as its apical width, smooth, with rather distinct
elliptical depression medially and basal half with several distinct coarse transverse rugae
medially (Fig. 5D); second tergite with elliptical depressions antero-laterally; second-
fifth tergites largely smooth with sparse fine punctures (Fig. 5D); sternites sparsely and
finely punctate (Fig. 5F); second sternite strongly convex in lateral view, with a strong
lobe-shaped protuberance medio-apically (Fig. 5E); third sternite about 0.2 x as long as
second sternite, with distinct ledge (Fig. 5F); hypopygium truncate apically (Fig. 5F).

Colour. Black; mandibular teeth and palpi dark brown; anterior-basal part of man-
dible ivory (Fig. 4B); distal of fumer, tibia, tarsus and claw yellow to brownish (Fig. 4A);
pterostigma dark brown; wing membrane subhyaline and without darkened (Fig. 4A).

Male. Paratype, length of body 5.9 mm, of fore wing 4.5 mm; antenna with 21
segments and without tyloids (Fig. 6A); vertex densely and coarsely punctate; sculp-
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ture of mesosoma coarser than that in female (Fig. 6B); second tergite with a round
depression antero-medially; second-fifth tergites and sternites densely and rather fine
punctate, except sparsely and coarsely punctate in big round area of third tergite medi-
ally (Figs 6C-E); genitalia extruded (Fig. 6D); ivory part of mandible larger than that
of female; clypeus with ivory patches (Fig. 6B); large part of hind tibia, hind tarsus and
hind claw brown (Fig. 6A), not like that in female.

Etymology. Named after the strong lobe-shaped protuberance of female second
sternite: from “umbo” (Latin for “rounded protuberance”).

Material examined. Holotype, female, CHiNA: Yunnan, Baoshan City, Long-
yang Dist., 2390 m, 25°17'57.26"N, 98°46'11.35"E, 15-30.1X.2020, Lang Yi leg.,
MT, SYSBM En-419021 (deposited in SYSBM); GenBank: OM057968. Paratype,
1 male, CHINA: Yunnan, Baoshan City, Longyang Dist., 2390 m, 25°17'57.26"N,
98°46'11.35"E, 30.VII-15.VII1.2020, Lang Yi leg.,,MT, SYSBM En-419022 (SYS-
BM); GenBank: OMO057967.

Distribution. China (Yunnan). Collected at 2390 m.

The key to Chinese species of Lycogaster published by Chen et al. (2014) could be
updated to accommodate L. umbonata by replacing couplet 2 as follows:

2 Female antenna elongate and hardly widened medially (Fig. 4A); second ter-
gite smooth and strongly shiny (Fig. 5D); medial third of fore wing subhya-
line (Figs 4A, 5A, 6A) or slightly darkened...........ccccocoviviiiiiinnie. 2!
- Female antenna less elongate and distinctly widened medially; second ter-
gite punctate and moderately shiny; medial third of fore wing largely dark
DrOWN L. 3
2' Medio-apical protuberance of second sternite with pair of small submedial
acute teeth close to each other; posterior end of middle lobe of mesoscutum
FUZOSE c.eveveaeeeneneasenenenes L. angustula Chen, van Achterberg, He & Xu
- Medio-apical protuberance of second sternite obtuse, lamelliform and con-
vex medio-apically, without small submedial acute teeth (Fig. 5E); posterior
end of middle lobe of mesoscutum largely smooth with sparse fine punctures
(Fig. 5B) v L. umbonata Chen & van Achterberg, sp. nov.

Taeniogonalos Schulz, 1906
Figs 7-10

Taeniogonalos Schulz, 1906: 212; Weinstein and Austin 1991: 416; Tsuneki 1991: 59;
Carmean and Kimsey 1998: 65. Type species (by monotypy): Trigonalys maculata
Smith, 1851.

Labidogonalos Schulz, 1906: 207; Weinstein and Austin 1991: 414; Carmean and
Kimsey 1998: 65. Type species (by monotypy): Trigonalys ornata Smith, 1851.
Poecilogonalos Schulz, 1906: 212; Marshakov 1981: 105; Tsuneki 1991: 46; Weinstein and
Austin 1991: 422; Tsuneki 1991: 46; Lelej 1995: 14. Type species (by monotypy):
Trigonalys thwaitesii Westwood, 1874. Synonymized by Carmean and Kimsey 1998.
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Nanogonalos Schulz, 1906: 211; Teranishi 1929: 150; Marshakov 1981: 107; Tsuneki
1991: 56; Weinstein and Austin 1991: 421. Synonymized by Carmean and Kim-
sey 1998. Type species (by monotypy): Nanogonalos enderleini De Santis, 1980.

Ischnogonalos Schulz, 1907: 11; 1908: 33; Bischoftf 1933: 482, 1938: 11; Weinstein
and Austin 1991: 413; Carmean and Kimsey 1998: 65. Type species (by mono-
typy): Trigonalys dubia Magretti, 1997.

Lycogastroides Strand, 1912: 129; Weinstein and Austin 1991: 413. Type species (by
original designation): Lycogastroides gracilicornis Strand, 1912. Synonymized by
Carmean and Kimsey 1998.

Lycogonalos Bischoff, 1913: 155; Weinstein and Austin 1991: 415. Type species (by
original designation): Lycogonalos flavicincta Bischoff, 1913. Synonymized by Car-
mean and Kimsey 1998.

Taiwanogonalos Tsuneki, 1991: 35. Type species (by original designation): Zziwanog-
onalos alishana Tsuneki, 1991. Synonymized by Carmean and Kimsey 1998.

Diagnosis. Body length 4.3—13.0 mm; antenna with 21-26 segments, without pale band
and slender medially, of male with linear tyloids (= elevated elongate areas) on 10*-16"
antennal segments; supra-antennal elevations smooth or punctate, without depression
dorsally, remain far separated from each other medially and without horizontal “shelf”
between antennal bases; temple usually punctate or reticulate-punctate and moderately
shiny; occipital carina ending at hypostomal carina at level of mandibular base; vertex
flattened, without median depression dorsally; apical segment of labial palp widened and
obtuse, more or less triangular; mandibles wide in anterior view and sublaterally attached
to head; mesoscutum and scutellum distinctly punctate or rugose; metanotum at least
partly convex latero-dorsally and often sculptured; vein 1-SR of fore wing medium-
sized to long; fore wing often with subapical dark patch or large part of fore wing dark
brown; triangular dorso-apical part of hind trochanter separated by an oblique groove;
fore trochanter subparallel-sided and distinctly longer than hind trochanter; hind tarsus
slightly or not modified; propodeal foramen more or less arched dorsally and often with
a lamelliform carina; second sternite convex in lateral view (but less so in males), strongly
sclerotized and frequently densely punctate, sometimes with a medio-posterior elevation
but without pair of small teeth; basal half of third sternite flat, without a distinct ledge
anteriorly; hypopygium of female pointing anteriorly toward second sternite or straight
down or pointing posteriad; body variable, often moderately robust.

Biology. Reared as hyperparasitoid of parasitoid wasps (Ichneumonidae and Bra-
conidae) and parasitoid flies (Tachinidae) in lepidopteran or sawfly caterpillars, but
some species are primary parasitoids of Pergid sawflies in Australia (Raff 1934; Carne
1969; He and Chen 1986; Weinstein and Austin 1995; Carmean and Kimsey 1998;
He 2004).

Distribution. China, Russia, Mongolia, India, SriLanka, Thailand, Laos, Papua
New Guinea, Myanmar, Malaysia, Indonesia, Japan. Before this study, 20 species of
this genus have been described from China, with eight recorded from Yunnan. We
describe here two species new to science from Yunnan. Until now, four species in this
genus were only found in Yunnan.
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Taeniogonalos albidorsalis Zhang & Chen, sp. nov.
http://zoobank.org/DICA17E6-06DF-464B-9F17-9788D8154A55
Figs 7-8

Diagnosis. Supra-antennal elevations approximately 0.4 x as long as scapus and
their outer side oblique (Fig. 7C); occipital carina narrow, non-lamelliform, smooth
(Fig. 7C); head anteriorly and posteriorly black, pronotum white dorsally, tegulae dark
brown (Figs 7B, C, 8C, D); vertex largely sparsely and finely punctate, with rather
coarse punctures and slightly rugose media-posteriorly (Fig. 7C); mesoscutum coarsely
sculptured in dorsal view (Fig. 8C); notauli wide and crenulate (Fig. 8C); scutellum
coarsely rugose, convex laterally and shallowly concave medially (Fig. 8C); metanotum
slightly convex, rugose (Fig. 8C); posterior propodeal carina distinctly arched, narrow
lamelliform, foramen comparatively narrow (Fig. 8D); posterior margin of tergites
with brownish stripes (Fig. 8E); first sternite dark brown posteriorly (Fig. 8F); second
sternite slightly convex (Fig. 8F); third sternite without depression (Fig. 8F).

Description. Female. Holotype, length of body 7.1 mm (of fore wing 5.9 mm).

Head. Antenna with 22 segments; frons reticulate-punctate (Fig. 7B); vertex large-
ly sparsely and finely punctate, with rather coarse punctures and slightly rugose media-
posteriorly (Fig. 7C); temple largely smooth with few punctures at orbita (Fig. 8B);
head gradually narrowed behind eyes, eye in dorsal view 0.8 x as long as temple
(Fig. 7C); occipital carina narrow, non-lamelliform, smooth (Fig. 7C); supra-antennal
elevations smooth with outer side oblique, 0.4 x as long as scapus (Fig. 7C); clypeus
slightly concave and thick medio-ventrally (Fig. 7B).

Mesosoma. Length of mesosoma 1.5 x as long as its height (Fig. 8D); transverse
mesopleural groove narrow, crenulate; mesopleuron above transverse mesopleural
groove coarsely rugose anteriorly and smooth posteriorly, below groove largely punc-
tated (Fig. 8D); notauli wide, deep and coarsely crenulate; middle lobe of mesoscu-
tum smooth arterially, otherwise transversely punctate-rugose, lateral lobes largely
punctate-rugose (Fig. 8C); scutellar sulcus complete, moderately narrow and crenu-
late; scutellum coarsely rugose and shallowly concave medially, anteriorly distinctly
above level of mesoscutum; metanotum slightly convex, rugose (Fig. 8C); propodeum
punctate-rugose (Fig. 8C); posterior propodeal carina distinctly arched, narrow lamel-
liform, foramen approximately 1.3 x as wide as high medially.

Wings. Fore wing: vein 1-M 1.4 x as long as vein 1-SR; second submarginal cell
1.3 x as long as third submarginal cell (Fig. 8A).

Metasoma. First tergite 0.4 x as long as its apical width, smooth and with shal-
low but wide depression medially (Fig. 8E); second tergite largely smooth and finely
punctate laterally; following tergites moderately punctate (Fig. 8E); first sternite sparse
punctate and concave laterally; second sternite slightly convex, densely and finely
punctate; lateral sides from third to fith sternites and anterior of fourth sternite with-
out punctation, otherwise moderately punctate (Fig. 8F).

Colour. Black; antenna largely brownish (except apex and scapus) (Fig. 7A); outer
orbita with pale yellow stripes, inner orbita with brownish short strips, malar space
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Figure 7. Taeniogonalos albidorsalis Zhang & Chen, sp. nov., holotype, female (En-419023) A habitus,
lateral aspect B head, anterior aspect € head, dorsal aspect.

yellow brown patches; lateral corner of clypeus brownish; mandibles brown to dark
brown, with basal pale patches (Figs 7B, 8B); pair of ivory triangular patches on mid-
dle lobe of mesoscutum anterior-laterally, pair of ivory to brownish patches on antero-
lateral margin of scutellum, metanotum white with brownish patches (Fig. 8C); palpi
brown (Fig. 8B), tegulae dark brown (Fig. 8D); about posteriorly half of first tergite
ivory; margin of other tergites with ivory to brownish stripes (Fig. 8E); fifth tergite
with two elongated ivory patches media-posteriorly (Fig. 8E); first sternite dark brown
posteriorly (Fig. 8F); coxa and trochanter of hind leg mainly white; tarsi and tibia of
fore leg mainly yellow to brownish (Fig. 7A); pterostigma dark brown; apical half of
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Figure 8. Taeniogonalos albidorsalis Zhang & Chen, sp. nov., holotype, female (En-419023) A wings
B head, lateral aspect € mesosoma, dorsal aspect D mesosoma, lateral aspect E metasoma, dorsal aspect

F metasoma, ventral aspect.

marginal cell of fore wing largely infuscate as area below it, remainder of wing mem-
brane subhyaline (Figs 7A, 8A).

Male. Unknown.

Etymology. The specific epithet originates from “a/bus” (Latin for “white”) and
“dorsalis” (Latin for “dorsal”) with reference to the white dorsal part of the pronotum.

Material examined. Holotype Cuina: @; Yunnan, Mt. Gaoligong, Dulong
River, Qinlangdang Management and Protection Station, 1181 m, 27°41'6.73"N,
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98°16'25.64"E; 15.V-15.V1.2020, Lang Yi leg., MT, SYSBM En-419023 (deposited
in SYSBM); GenBank: OM057972.

Distribution. China (Yunnan). Collected at 1181 m.

Comments. This species is close to 7. eurysoma and it would run to that taxon
(couplet 17) in the revised key of Tan et al. (2017), but can be distinguished by having
largely brownish antenna, dorsally white pronotum, pale and more elongate fore tibia,
less sculptured vertex, and second sternite without ivory stripe. Part of key to Chinese

species of the genus Zaeniogonalos Schulz was revised to include 7. eurysoma Chen &
van Achterberg, 2020.

17 Second metasomal sternite of female less convex medially and in lateral view
its ventral border gradually sloping posteriorly, strongly shiny medially and
third sternite smooth anteriorly or nearly so; second sternite of male evenly
slightly convex medio-posteriorly; vertex often strongly shiny................... 18

- Second sternite of female strongly convex medially and in lateral view its
ventral border distinctly sloping posteriorly, moderately shiny medially and
third sternite distinctly punctate anteriorly; second sternite of male slightly
flattened medio-posteriorly; vertex moderately shiny ........ccoccovveinncnnnes 20

18 Propodeum comparatively narrow, almost triangular in dorsal view (espe-
cially male, less so in female) and with nearly straight lateral margins; outer
orbita black; supra-antennal elevations about half as long as scapus ..............
.......................................................................... T. alticola (Tsuneki, 1991)

- Propodeum somewhat wider, more oval in dorsal view and lateral margins
curved; outer orbita with pale stripes; supra-antennal elevations smaller
(about 0.2 times as long as scapus) .........cccceuiciiiiiiiiiiiiiiiice 19

19 Antenna mainly blackish; pronotum dorsally black; fore tibia comparatively
dark and short; metasomal segments rather wide; second sternite with ivory
SEEIPC.veveiirereieieeieee s T. eurysoma Chen & van Achterberg, 2020

- Antenna largely brownish (Fig. 7A); pronotum dorsally white (Fig. 8C); fore
tibia comparatively pale and more elongate (Fig. 7A); vertex less sculptured
(Fig. 7C); metasomal segments comparatively elongate (Fig. 8E); second ster-
nite without ivory stripe................. T. albidorsalis Zhang & Chen, sp. nov.

20 Vertex with elongate brownish patches; third and fourth metasomal tergites
very coarsely punctate; metanotum with a pair of yellow spots medially; third
sternite coarsely and densely punctate medio-posteriorly (male) or latero-pos-
teriorly (female) in front of membranous border; [propodeal foramen com-
paratively wide and less arched]. .................. T. formosana (Bischoff, 1913)

- Vertex entirely black or rarely with small brownish patches; third and fourth
metasomal tergites usually superficially punctate, rarely nearly as coarse as in
1. formosana; metanotum black medially and at most with a pair of lateral yel-

low spots; third sternite usually more spaced and finer punctate posteriorly ..
...................................................................... T. taiborina (Bischoff, 1914)
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Taeniogonalos paradoxica Zhang & Chen, sp. nov.
http://zoobank.org/E20EB99B-85AB-408 D-AAF9-A46CB9481F01
Figs 9-10

Diagnosis. Supra-antennal elevations 0.5 x as long as scapus and outer side strongly steep
(angle about 70°), upper half thickened and backward, parallel-sided in anterior view, area
between elevations with a small protuberance (Figs 9B, C); tyloids of male antenna linear
(Fig. 10A); occipital carina widened, lamelliform and smooth (Fig. 9C); supra-antennal
elevations largely yellow; head with brownish-yellow oblique patches postero-laterally
(Fig. 9C); vertex largely coarsely punctate with transversely rugose and becoming sparsely
punctate posteriorly (Fig. 9C); mesoscutum coarsely punctate-rugose in dorsal view, with
pair of large triangular yellow patches on middle lobe and pair of large oblong yellow
patches on scutellum axilla (Fig. 10D); notauli narrow anteriorly, widened posteriorly and
coarsely crenulate (Fig. 10D); scutellum coarsely reticulate-punctate and shallow-slightly
concave medially, with pair of small brown-yellow patches (Fig. 10D); metanotum slight-
ly convex, rugose, with four elliptical yellow patches (Fig. 10D); posterior propodeal ca-
rina distinctly arched, narrow lamelliform, foramen comparatively wide (Fig. 10D) ; first
tergite with yellow stripe posteriorly; second tergite widely yellow posteriorly, third tergite
with weak and slim yellow patches medio-posteriorly; fourth-sixth tergites with large yel-
low patches (Fig. 10F); first and second sternites with wavy yellow stripe posteriorly; third
and fourth sternites with small yellow patches postero-laterally (Fig. 10G); second sternite
slightly concave medio-anteriorly (Fig. 9A); third sternite without depression (Fig. 10G).
Description. Female. Holotype, length of body 8.6 mm (of fore wing 7.1 mm).
Head. Antenna with 23 segments; tyloids linear, 0.6 x as long as antennal segment on
11*-13® segments, about half as long on 14" segment, 0.3 x as long on 15" segment and
0.2 x as long on 10™ segment (Fig. 10A); frons densely and coarsely punctate with rugae
near clypeus (Fig. 9B); vertex largely coarsely punctate with transversely rugae and becom-
ing sparsely punctate posteriorly (Fig. 9C); temple largely smooth with few punctures near
orbita (Fig. 10C); head gradually narrowed behind eyes, eye in dorsal view 0.8 x as long as
temple (Fig. 9C); occipital carina widened, lamelliform and smooth (Fig. 9C); supra-an-
tennal elevations smooth, outer side very steep (angle about 70°), upper half thickened and
backward, parallel-sided in anterior view, 0.5 x as long as scapus, with a small protuberance
between them (Fig. 9B, C); clypeus slightly concave and thick medio-ventrally (Fig. 9B).
Mesosoma. Length of mesosoma 1.7 x as long as its height (Fig. 10E); transverse
mesopleural groove narrow, crenulate; mesopleuron above transverse mesopleural groove
reticulate-punctate anteriorly and coarsely punctate posteriorly, below groove rugulose-
punctate anteriorly and smooth posteriorly (Fig. 10E); notauli narrow anteriorly, wid-
ened posteriorly and coarsely crenulate; middle lobe of mesoscutum coarsely transverely
punctate-rugose anteriorly and reticulate-punctate posteriorly, lateral lobes largely punc-
tate with longitudinal rugae (Fig. 10D); scutellar sulcus complete, moderately narrow
and crenulate; scutellum coarsely reticulate-punctate and slightly concave medially,
anteriorly protruding above level of mesoscutum; metanotum slightly convex, rugose
(Fig. 10D); propodeum punctate-rugose (Fig. 10D); posterior propodeal carina distinct-
ly arched, narrow lamelliform, foramen approximately 1.5 x as wide as high medially.
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S ees
Figure 9. Taeniogonalos paradoxica Zhang & Chen, sp. nov., holotype, male (En-419024) A habitus,
lateral aspect B head, anterior aspect € head, dorsal aspect.

Wings. Fore wing: vein 1-M 1.2 x as long as vein 1-SR; second submarginal cell
1.1 x as long as third submarginal cell (Fig. 10B).

Metasoma. First tergite 0.6 x as long as its apical width, smooth and with shallow
but wide depression medially (Fig. 10F); following tergites densely and coarsely punctate
(Fig. 10F); first sternite sparse punctate and concave laterally; following sternites densely
punctate (Fig. 10G); second sternite slightly concave medio-anteriorly, rather flat media-
posteriorly and slightly depressed near middle of posterior margin (Figs 9A, 10G).

Colour. Black; apical half of antenna and part of scapus dark brown; remainder
of antenna mainly yellow; orbita yellow, narrow but widened near antennal sockets;
supra-antennal elevations largely yellow; clypeus with pair of yellow patches; lateral
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Figure 10. Taeniogonalos paradoxica Zhang & Chen, sp. nov., holotype, male (En-419024) A tyloids on
10%-16" segments of antenna B wings € head, lateral aspect D mesosoma, dorsal aspect E mesosoma,

lateral aspect F metasoma, dorsal aspect G metasoma, ventral aspect H legs, ventral aspect.
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corner of clypeus dark brown; mandible teeth dark brown to dark (Fig. 9B); head
with brownish-yellow oblique patches postero-laterally (Fig. 9C); pronotum yellow
dorsally (Fig. 10D); middle lobe of mesoscutum with pair of large triangular yellow
patches antero-laterally; scutellum axilla with pair of large oblong yellow patches;
scutellum with pair of small brown-yellow patches media-laterally; metanotum with
four elliptical yellow patches (Fig. 10D); palpi dark brown (Fig. 10C); tegulae brown
(Fig. 10D); first tergite with yellow stripe posteriorly; second tergite widely yellow
posteriorly, third tergite with weak and slim yellow patches media-posteriorly; fourth-
sixth tergites with large yellow patches (Fig. 10F); first and second sternites with wavy
yellow stripe posteriorly; third and fourth sternites with small yellow patches postero-
laterally (Fig. 10G); apex of fore and middle femora yellow; tibiae and basal half of
tarsi of fore leg largely yellow; remainder of tibiae and tarsi dark brown (Fig. 10H);
pterostigma yellow brown; anterior half of fore wing dark brown; remainder of wing
subhyaline (Fig. 10B).

Male. Unknown.

Etymology. Name after the unusual supra-antennal elevations: from “paradoxus”
(Latin for “strange, contrary to expectation”).

Material examined. Holotype, female, CHiNA: Yunnan, Diqing Tibetan Autono-
mous Prefecture, Shangri-La City, Jiantang town, apple orchard, 2639 m, 27°31'36"N,
100°5'32"E, 20.IX.2020, Huayan Chen leg., YPT, SYSBM En-419024 (deposited in
SYSBM); GenBank: OM057987.

Distribution. China (Yunnan). Collected at 2639 m.

The key to species of Taeniogonalos published by Chen et al. (2014) could be up-
dated to accommodate 7. paradoxica by replacing couplet 12 as follows:

12 Protuberance of third sternite of ¢ subtruncate medio-apically; pronotum,
metanotum medially and head of @ posteriorly with pale pattern; hind tibia
black or dark brown; outer sides of of supra-antennal elevations oblique.....12'

- Protuberance of third sternite of @ acutely protruding medio-apically;
metanotum, apex of supra-antennal elevations and head posteriorly in dorsal
view black; hind tibia brown; outer side of supra-antennal elevations subver-

12' Pronotum black dorsally; metanotum ivory medially; apex of supra-antennal
elevations pale yellowish and remainder black; head of ¢ posteriorly with pair
of ivory patches in dorsal view (black in &); hind tibia black; outer side of su-
pra-antennal elevations oblique; metanotum with pair of yellowish patches..
............................. T. subtruncata Chen, van Achterberg, He & Xu, 2014

- Pronotum yellow dorsally (Fig. 10D); supra-antennal elevations largely yel-
low (Figs 9B, C); head of & posteriorly with pair of brownish-yellow oblique
patches in dorsal view (Fig. 9C); hind tibia dark brown (Fig. 10H); outer
side of supra-antennal elevations strongly steep (angle about 70° Fig. 9C);
metanotum with four elliptical yellow patches (Fig. 10D).......cccceeueuiinnnnns
....................................................... I paradoxica Zhang & Chen, sp. nov.
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Discussion

Recently, DAN barcode-based methods have become increasingly popular for the
identification of parasitoids (Talamas et al. 2019; Chen et al. 2020b; Mo et al.
2021; Liu et al. 2021; Olmi et al. 2022). These methods are especially power-
ful in providing evidence of species boundaries that supplement morphological
identifications as well as confirmation of female-male association for species with
sexual dimorphism (Liu et al. 2021; Olmi et al. 2022). Although we only provide
COI sequences for 14 species in this study, the results indicate that the use of
DNA barcoding for the identification of Trygonalyidae species is also powerful. The
intraspecifc pairwise distances are generally less than 3%, while the interspecific
pairwise distances are higher than 5% (Suppl. material 2: Table S2; Suppl. material 3:
Table S3). Lycogaster species usually show evident sexual dimorphism in metasomal
structures, as can be seen in Lycogaster umbonata that we describe here. However,
the COI sequecnes from the female and male specimens of Lycogaster umbonata are
more than 99% identical, allowing us to confirm their association. In short, the
results of our study demostarte that molecular data are useful to enhance species
delimitation and the female-male association of the same species in Trygonalyidae.

The diversity of Trigonalyidae in the East Palacarctic and Norteast Oriental
regions is much higher than in other regions, e.g., from the West Palaearctic re-
gion only one species is known. The discovery of four new species from SW China
shows that the Chinese fauna remains undersampled as already noted by Chen et
al. (2014). The relationships of the new species are all among other species occur-
ing in the same region but at least partly at lower altitudes. The adaptation to high
altitudes may be the major driver of the evolution among Trigonalyidae and the
more or less isolated mountains are an extra impetus to the radiation of species in
both regions.
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